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LETTER  TO  THE  SECRETARY.-. 


WASHiNaTON,  D.  C,  March  iO».lg73. 
Sm :  I  have  the  honor  to  present  for  your  approval  and  for  publica- 
tion the  sixth  annual  report  of  the  United  States  Geological  Survey  of 
the  Territories,  containing  a  preliminary  account  of  explorations  uinde  . 
daring  the  summer  of  1872,  about  the  sources  of  Snake  and  Missouii 
Rivers. 

« 

The  liberal  appropriation  granted  for  the  survey  by  the  Forty- 
second  Congress  enabled  the  Chief  Geologist  to  organize  two  large  and 
well-equipped  parties  for  field-work.  These  parties  were  each  provided 
with  a  geologist,  topographer,  astronomer,  meteorologist,  with  their  as- 
sistants. A  number  of  young  men  acted  as  collectors  of  objects  in 
natural  history. 

One  party,  under  my  immediate  direction,  took  Fort  Ellis  as  its  ini- 
tial point.  We  spent  several  dajs  at  this  point  and  at  Bozenian  pur- 
chasing our  animals  and  securing  supplies  and  other  outfit.  After  our 
prex^arations  were  made,  we  passed  over  the  divide  to  the  Yellowstone 
Valley,  traversing  nearly  the  same  route  as  last  year.  The  Yellowstone 
Kiver,  from  the  lower  caiion  to  its  source  in  the  Yellowstone  Lake,  was 
carefully  surveyed.  Some  of  the  branches,  as  the  East  Fork,  were  more 
fully  examined  than  at  any  time  previously.  From  the  lake  the  party 
passed  over  the  divide  into  the  Geyser  Basin  of  Madison  River,  and  ex- 
plored that  river  and  its  branches  to  the  Three  Forks.  We  then 
ascended  the  Gallatin  Kiver  and  examined  it  to  its  sources.  The  inter- 
esting caiion  of  the  Gallatin,  which  is  about  seventy  miles  in  length, 
had  never  been  explored  previously,  and  was  unknown  even  to  the  in- 
habitants of  the  lower  part  of  the  valley.  From  the  Gallatin  Canon  we 
passed  over  the  divide  into  the  Yellowstone  Valley,  near  the  second 
canon,  and  made  a  more  detailed  survey  of  the  Snowy  or  Yellowstone 
Eange,  then  passed  down  the  valley  through  the  first  or  lower  caiion, 
and  then  along  the  divide  between  the  branches  of  the  East  Gallatin 
and  Shields  Rivers  to  Flat  Head  Pass ;  thence  across  the  rugged  hills 
to  a  point  about  ten  miles  below  the  Three  Forks,  on  the  Missouri  River. 
We  then  returned  to  Bozeman  along  the  base  of  the  mountains  on  the 
east  side  of  the  East  Gallatin  Fork,  and  the  field-work  of  this  party 
was  closed.  The  materials  for  an  accurate  map  of  the  district  examined 
were  secured,  and  most  important  discoveries  in  geology  and  large  col- 
lections in  all  departments  were  made. 

The  second  party  was  placed  under  the  general  direction  of  Mr.  James 
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Stevenson,  whose  expf»ierice  in  this  wild  life  for  sixteen  years,  as  my 
principal  assistant,  gs^^^  1^™  great  advantages  over  any  one  else  I  could 
secure  for  that  trWf/:  This  party  started  from  Ogden,  Utah,  surveyed  a 
rente  to  Fort  H»U,  and  there  laid  in  supplies  and  made  the  necessary 
preparations. faha-pack-traih  up  the  unknown  region  of  the  Upper  Snake 
Valley.  Tiia.party  was  also  provided  with  a  chief  geologist,  topogra- 
pher, ipeteOrologist,  botanist,  and  other  necessary  assistants.  From 
Forfe  IliiU-this  party  proceeded  up  the  west  side  of  Snake  River.  Two 
weeks 'wi^Te  spent  in  making  a  careful  survey  of  the  previously  unknown 
TtitQH.Basin.  Tlie  range  of  the  Three  Tetons  was  carefully  mapped. 
JEleten  of  the  party  attempted  to  ascend  the  highest  peak,  the  Grand 
.  trlon.  Only  two  of  these  succeeded,  Messrs.  Stevenson  and  Langford. 
'.So  far  as  we  can  ascertain  they  are  the  only  white  men  that  ever  reached 
.  i»ts  summit. 

In  the  summer  of  1860  the  party  under  the  command  of  Colonel  W. 
F.  Ivaynolils,  to  which  I  was  attached  as  geologist,  camped  for  several 
days  at  the  base  of  this  range.  We  had  with  us  as  guide  Mr.  James 
Bridger,  who  was  more  familiar  with  the  western  country  and  the 
events  in  its  history  for  the  past  tifty  years  than  any  living  man. 
lie  regarded  the  ascent  of  this  peak  as  impossible,  and  many  of  the  old 
mouutaineers  and  trapi)ers  state  that  it  has  been  attempted  many  times 
without  success. 

Immense  masses  of  snow  and  Likes  of  ice  were  found  on  its  sides,  and 
abundant  signs  of  modern  glacial  action.  At  certain  seasons  of  the  year, 
usually  in  August  and  September,  the  air  is  filled  to  a  great  height 
with  grasshoi)pers  flying  in  every  direction.  They  sometimes  rise  to 
the  height  of  umny  thousands  of  feet.  As  they  passed  over  this  Teton 
Range  they  became  chilled  and  dropped  on  the  snow  and  ice  in  vast 
numbers  and  gradually  melted  the  snow,  so  that  the  myriads  of  little* 
holes  which  they  formed  gave  to  the  surface  a  peculiar  roughness.  It  was 
due  to  this  fact  that  Messrs.  Stevenson  and  Langford  were  able  to 
cling  to  the  almost  vertical  icy  sides  of  the  peak,  and  complete  the 
ascent.  They  found  the  elevation  to  be  13,858  feet  above  the  sea,  thus 
CMtitling  it  to  rank  among  the  monarch  peaks  of  our  continent. 

Yet  on  the  summit  of  this  i>eak  there  were  indications  that  human 
beings  had  made  the  ascent  at  some  period  in  the  past.  On  the  top  of 
the  Grand  Teton,  and  for  300  feet  below,  are  great  quantities  of  granite 
blocks  or  slabs  of  different  sizes.  These  blocks  had  been  placed  on 
end,  forming  a  breastwork  about  three  feet  high,  inclosing  a  circular 
space  six  or  seven  feet  in  diameter,  and  while  on  the  surrounding  rocks 
there  is  not  a  particle  of  dust  or  sand,  yet  the  bottom  of  this  inclosure 
is  covered  with  a  bed  of  minute  particles  of  granite,  not  larger  than  the 
grains  of  common  sand,  which  must  have  been  worn  off  by  the  ele- 
ments from  the  vertical  blocks  until  it  is  nearly  a  foot  in  depth.  There 
was  every  appearance  that  these  granite  slabs  had  been  placed  in  their 
present  position  by  Indians,  as  a  protection  from  the  wind,  many  cen- 
turies ago. 
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The  scenery  of  the  Teton  Range  is  truly  alpine  in  its  character,  ap- 
proaching that  type  more  nearly  than  any  other  known  in  the  West. 

Leaving  the  Teton  Basin,  the  party  proceeded  up  Henry's  Fork  of 
Snake  River,  and  at  its  source,  surveyed  one  of  the  most  interesting  and 
important  geographical  points  in  the  West.  At  the  head  of  Henry's 
Fork  are  four  remarkable  passes,  representing  the  four  points  of  the 
compass,  with  Henry's  Lake  located  in  the  center.  TheTargee,  or  East 
Pass,  is  7,063  feet  elevation,  and  forms  one  of  the  gateways  to  the  Mad- 
ison Valley  and  to  the  sources  of  the  Madison  and  Yellowstone.  Hen- 
ry's, or  South  Pass,  is  about  6,250  feet  elevation,  and  opens  into  the 
great  valley  of  the  Snake  River  from  the  Atlantic  slope.  Red  Rock,  or 
West  Pass,  is  7,271  feet  elevation,  and  connects  the  great  valley  of  the 
Jefferson  Fork,  while  the  Raynolds  or  North  Pass,  6,911  feet  elevation, 
leads  into  the  valley  of  the  Lower  Madison.  These  remarkable  passes, 
thus  linking  the  Atlantic  with  the  PaciGc  slope,  are  so  smooth  that  a 
carriage  could  be  driven  over  them  at  a  high  rate  of  speed.  In  a  prac- 
tical point  of  view  these  passes,  as  well  as  the  Snake  River  Valley,  must 
soon  become  of  great  importance  to  the  West. 

The  Snake  River  and  Henry's  Fork  Valleys  form  by  far  the  most  feas- 
ible routes  for  railroads,  connecting  Montana  and  the  entire  Northwest 
with  the  interior  basin  and  the  Pacific  slope.  Compared  with  the  pres- 
ent stage-routes  to  Montana,  a  road  by  this  valley  would  be  from  one  hun- 
dred to  one  hundred  and  fifty  miles  shorter,  and  would  open  up  for  settle- 
ment avast  areaof  arableand  pastoral  land.  The  immense  forests  of  pine 
timber  would  be  made  available,  and  I  am  convinced  that  in  a  few  yeiirs, 
on  account  of  the  scarcity  of  good  timber  in  the  interior  basin,  this  will 
become  one  of  the  most  important  lumber  regions  in  the  West.  If  the 
railroad  which  contemplates  connectiug  Corinne,  Utah,  with  Helena, 
Montana,  passes  up  Henry's  Fork,  it  will  render  available  two  thousand 
five  hundred  square  miles  of  pine  timber.  All  the  wonders  of  our  great 
National  Park  can  be  seen  in  one  day's  travel  on  horseback  from  this 
route. 

About  ten  miles  northwest  of  Henry's  Lake  a  new  lake  was  discov- 
ered, which  from  its  peculiar  character  merits  some  notice  here.  It  is 
called  ^^  Cliff  Lake  "  on  the  map,  from  the  fact  that  it  seems  to  be  con- 
fined to  a  deep  fissure  in  the  basaltic  rocks.  It  is  triangular  in  shape, 
its  length  about  one  and  a  half  miles,  and  half  a  mile  in  its  greatest 
width.  Several  streams  of  considerable  size  flow  into  it,  but  no  outlet 
could  be  discovered.  High,  nearly  vertical  walls  inclose  it  on  every 
side. 

From  Henry's  Lake  the  party  crossed  the  water-shed  by  Avay  of  the 
Targee  Pass  into  the  Madison  Valley,  and  passed  up  that  stream  to  the 
Fire  Hole  Basin,  where  both  of  the  parties  met  on  the  same  day,  Au- 
gust 14,  though  starting  about  two  months  x)reviously  from  points  sev- 
eral hundred  miles  apart    The  Snake  River  division  remained  in  this 
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lf)asin  several  days,  until  supplies  could  be  obtained  from  Virginia  City 
for  tbe  return  trip  to  Fort  Hall. 

The  party  then  continued  its  way  up  the  valley  of  the  Madison  to  its 
source,  and  spent  some  days  exploring  the  different  branches  of  Snake 
Eiver  and  the  Madison.  There  is  perhaps  no  more  unknown  or  more  in- 
terestiug  geographical  region  in  America  than  this  great  water  divide  of 
our  continent.  The  maps  which  are  now  in  process  of  construction  in  the 
office,  and  which  will  bo  issued  to  the  public  in  the  course  of  the  present 
year,  will  almost  entirely  change  the  geography  of  this  wonderful  region. 
Within  a  radius  of  ten  miles,  may  be  found  the  sources  of  three  of  the 
largest  rivers  in  America.  The  general  elevation  is  from  7,000  to  8,000 
feet  above  the  sea,  while  the  mountains  whose  eternal  snows  form  the 
sources  of  these  great  rivers,  rise  to  a  height  of  10,000  to  12,000  feet. 
Flowing  northward  are  the  numerous  branches  of  the  Missouri, 
Yellowstone,  and  Wind  Kivers,  which  all  eventually  unite  into  one 
mighty  stream,  the  Missouri !  To  the  south  are  the  branches  of  Green 
River,  which  unites  with  the  Colorado  and  finally  empties  into  the  Gulf 
of  California,  while  south  and  west  fiow  the  branches  of  Snake  River, 
which,  uniting  with  the  Columbia,  pour  their  vast  volume  of  water  into 
the  Pacific. 

The  exploration  of  this  remarkable  water  divide  proves  that  the  Mad- 
ison Fork  has  its  source  in  a  small  lake  not  hitherto  noted  on  any  map, 
and  that  the  so-called  Madison  Lake  belongs  entirely  on  the  Pacific 
slope.  This  latter  lake  was  found  to  be  about  twelve  miles  long  and 
eight  miles  wide.  From  this  body  of  water  flows  a  stream  nearly  one 
hundred  feet  wide,  which,  after  a  distance  of  about  five  miles,  empties 
into  a  second  lake  which  is  four  miles  long  and  one  and  a  half  miles  wide. 
The  former  of  these  lakes  was  named  Lake  Shoshone,  and  the  latter 
Lake  Lewis,  in  honor  of  the  great  pioneer  explorer  of  the  Northwest. 

At  the  upper  end  of  Lake  Shoshone  a  new  geyser  basin  was  discovered, 
with  from  seventy-five  to  one  huntlred  springs,  many  of  them  geysers  of 
considerable  power.  The  ornamentation  about  these  springs  was  regarded 
as  more  interesting  and  elaborate  than  those  in  Fire  Hole  Basin.  The 
divide  between  the  Yellowstone  Lake  and  Lake  Lewis  was  found  to  be 
about  50  feet  above  the  former,  and  200  feet  above  the  latter.  This  low 
ridge  in  the  great  water  divide  of  the  continent  has  doubtless  given  rise 
to  the  story  of  the  Two-Ocean  River,  Sind  such  a  stream  has  found  its 
way  to  most  of  our  printed  maps. 

From  the  summit  of  Red  Mountain  the  scope  of  vision  embraced  a 
radius  of  one  hundred  and  fifty  miles,  within  which  four  hundred  and 
seventy  mountain-peaks  worthy  of  a  name  could  be  distinctly  observed. 
The  area  that  could  be  swept  by  the  eye  from  this  point  could  not  have 
been  less  than  fifty  thousand  square  miles,  embracing  every  variety  of 
grand  and  beautiful  scenery,  of  mountain  and  valley,  probably  without 
a  parallel  on  the  continent.  Ten  large  lakes  and  several  smaller  ones 
were  embraced  in  the  view,  and  the  entire  Yellowstone  Park  was  spread 
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out  under  the  eye.  To  those  who  are  familiar  with  the  remarkable 
parity  of  the  atmosphere  in  these  high  latitudes,  these  statements  need 
not  appear  incredible.  To  the  east  the  Wind  River  and  Big  Horn 
BangeSy  with  the  snow-clad  summits  of  Fremont's,  Union,  and  Cloud 
Peaks,  bounded  the  view.  On  the  north  the  Yellowstone  Eauge,  with 
Emigrant  Peak  and  many  of  the  loftiest  mountains  in  Montana,  were 
clearly  seen.  To  the  west  the  numerous  ranges  comprised  in  what  are 
called  the  Salmon  Kiver  Mountains  of  Idaho  form  the  horizon  of  vision 
in  that  direction,  while  the  mountains  near  Fort  Hall  and  the  Wahsatch 
Bange  completed  the  mighty  amphitheater.  This  remarkable  view  em- 
braced a  large  portion  of  Wyoming,  Montana,  Idaho,  and  Utah  Terri- 
tories. 

About  forty  small  streams,  which  unite  and  form  the  upper  portion  of 
Snake  River,  were  carefully  examined.  The  party  then  proceeded  down 
the  valley  of  SnakeRiver,  through  its  remarkable  cailona,  examined  Jack- 
son's Lake  and  the  numerous  streams  that  empty  into  the  main  river  on 
either  side.  About  the  middle  of  October  the  party  arrived  at  Fort 
Hall,  where  it  was  soon  after  disbanded. 

It  will  be  seen  from  this  report,  and  the  more  elaborate  final  reports 
which  will  follow  in  due  time,  that  the  scientific  as  well  as  the  practical 
results  of  these  explorations  are  of  great  importance  to  the  material  in- 
terests of  the  West.  They  have  already  enlisted  the  interest  and  sym- 
pathy of  all  classes  of  intelligent  people  of  our  country  from  Maine  to 
Florida,  as  the  numerous  letters  and  applications  for  tlie  rejwrts  afford 
ample  testimony. 

The  two  principal  field  parties  were  organized  as  follows: 

The  first  division — xidolf  Burck,  chief  to[)ographer ;  Henr^  Gannett, 
astronomer;  4^.  E.  Brown,  assistant  topographer;  E.  B.  Wakefield, 
meteorologist;  Dr.  A.  C.  Peale,  mineralogist;  W.  H.  Holmes,  artist; 
Walter  B.  Piatt,  naturalist;  W.  B.  Logan,  secretary;  A.  E.  Bingham, 
Joseph  Savage,  and  T.  O.  C.  Sloane,  general  assistants. 

Second, or  Snake  River  division — James  Stevenson,  director;  Profes- 
sor Frank  II.  Bradley,  chief  geologist;  W.  R.  Taggart,  assistant  geolo- 
gist;  Gustavus  11.  Bechler,  chief  topograi»hor;  Rudolph  Hering  and 
Thomas  W.  Jaycox,  assistant  topographers ;  William  Nicholson,  meteor- 
ologist; John  M.  Coulter,  botanist;  Dr.  Josiah  Curtis,  surgeon  and 
microscopist ;  C.  Hart  Merriam,  ornithologist ;  Camj)bell  Carrington, 
naturalist;  William  n.  Jackson,  photogmpher ;  Charles  R.  Campbell, 
assistant ;  Robert  Adams,  P.  J.  Beveridge,  J,  S.  Negley,  W.  A.  West, 
S.  F.  Hamp,  T.  B.  Brown,  and  S.  C.  Jones,  general  assistants;  Hon.  X. 
P.  Ljingford,  C.  S.  Spencer,  and  Dr.  Reagles  accompanied  the  Snake 
River  division  from  Fort  Hall  as  guests.  Mr.  William  Blackmore  of 
Loudon,  England,  accompanied  my  party  from  Fort  Ellis  to  the  Geyser 
Basin  for  several  weeks  as  guest,  for  the  purpose  of  examining  the  Na- 
tional Park. 

Although  most  of  the  members  of  both  parties  labored  with  great  7.ea\ 
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to  advance  the  objects  of  the  snrvey,  yet  the  burdeu  of  executive  duty 
was  so  great  iu  inanagfing  the  affairs  of  so  large  an  organization  tliat  a 
large  part  of  my  time  and  force  has  been  abstracted  from  the  purtily 
scientific  labors,  and  for  this  reason  my  personal  report  will  be  much 
less  elaborate  and  important  than  heretofore.  I  trust,  however,  that  the 
report  as  a  whole  will  not  be  surpassed  iu  interest  and  value  by  any  of 
the  preceding  ones. 

My  first  assistant,  Mr.  James  Stevenson,  performed  his  duties  with 
his  usual  zeal  and  fidelity.  In  his  management  of  the  Snake  River 
party,  he  exhibited  executive  abilities  of  the  highest  order.  Professor 
Bradley  made  some  important  discoveries  in  geology.  The  discovery  of 
an  upper  member  of  the  Potsdam  group  will  prove  an  important  addi- 
tion to  our  knowledge  of  western  geology.  Among  the  fossils  brought 
back  by  Professor  Bradley,  Mr.  Meek  has  identified  the  equivalent  of 
the  Spergen  Dill  beds  of  Indiana,  (Saint  Louis  limestone  of  the  western 
carboniferous  series.)  The  report  of  Dr.  A.  C.  Peale  will  show  his  great 
industry  and  care.  I  regard  it  as  one  of  much  importance.  W.  H. 
Holmes,  as  artist,  rendered  most  important  services  in  all  departments  of 
the  survey.  His  sections  and  sketches  have  proved  useful  not  only  for 
the  geological  reports,  but  have  been  of  great  value  to  the  topographers 
in  pre])aring  their  maps.  Mr.  William  H.  Jackson,  the  photographer, 
was  more  successful  than  in  any  preceding  year.  In  testimony  of  the 
importance  of  his  labors,  I  quote  from  a  notice  of  his  photographs  from 
the  January  number  of  the  American  Journal  of  Sciences,  by  Professor 
J.  D.  Dana : 

Ni'xt  to  a  ])eraonal  visit  to  this  land  of  geysers,  Lot  springs,  fountains  of  boiling 
mud,  waterfalls,  lakes,  and  majestic  mountains,  is  a  morning  spent  over  these  photo- 
<xrapliM.  They  would  do  credit  to  the  best  photogniphic  laboratory,  ami,  considering  the 
ditticnlties  inherent  in  a  long  and  arduous  journey,  they  are  really  admirable.  The 
Yellowest  one  series  well  illustrates  tbo  advantage  of  photography  over  any  hand-draw- 
ings in  bringing  out  details  of  stmcture,  esi>ecially  w^here  the  artist  is  guided  by  the 
geologist  in  selecting  the  best  points  of  view.  Among  the  novelties  which  are  a  posi- 
tiv«^  adilition  to  our  knowlwlge  of  orography  we  mention  particularly  the  views  of  the 
'i'lirt^o  Tetons.  Among  the  geyser  views  there  are  two  of  "  Old  Faithful "  in  full  action 
which  are  exceedingly  effective ;  others  of  basins  and  cones  in  which  the  varied  tracery 
of  the  surface  may  l>e  studied  with  much  of  the  satisfaction  to  be  had  from  actual  ex- 
amination ;  others,  of  long  ciiscade  slopes  which  have  been  gracefully  terraced  by  the 
mineral  depositions  of  the  waters,  and  whoso  basins,  brimful  to  their  delicate  edges 
with  the  petrifying  wat(TS,  reflect  mirror-like  the  surrounding  objects  ;  others  sliowing 
large  areas  of  the  geyser  region  with  the  geysers  in  action.  JSueli  views  give  an  oi)por- 
t unity  for  the  geologist  to  compare  beds  of  chemical  deposition  with  our  ordinary 
limestones. 

Mr.  0.  Hart  iMeiTiam\s  report  will  show  his  zeal  in  bis  special  depart- 
ment. ]\rr.  John  M.  Coulter  acted  as  botanist,  and  his  report  exliits  an 
unusual  numbc^r  of  species  of  ])hints  for  a  single  season's  labor.  Mr. 
Walter  B.  Piatt  made  interesting  collections  about  the  sources  of  the  Yel- 
lowstone and  Missouri  Eivers.  The  plants  were  added  to  those  of  Mr. 
Coulter,  and  the  birds  and  mammals  to  those  of  Mr.  Merrlam.     The  new 
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QMcies  of  plants  havo  been  described  by  t&e  eminent  botanist,  Profes- 
sor Thomas  C.  Porter,  of  Easton,  Pennsylvania.  Of  flowering  plants 
there  were  one  new  genus  and  six  new  species,  besides  several  varieties. 
They  number  about  nine  hundred  species.  Of  grasses  there  were  about 
sixty  species;  mosses,  fifty -three;  lichens,  with  probably  one  new  species 
SDd  two  new  to  this  continent,  sixty-seven ;  other  cryptogamia,  with 
two  new  species  of  fungi,  seventy.  There  will  probably  be  one  thousand 
two  hundred  species  in  all.  The  report  of  Dr.  Curtis,  on  the  micro- 
scopic forms  of  that  region,  and  especially  about  the  hot  springs,  must 
prove  of  interest  to  microscopists. 

It  is  believed  that  the  results  of  the  survey  as  a  whole  will  be  found 
to  be  worthy  of  the  liberal  appropriation  made  by  Congress  for  the 
purpose. 

The  results  of  the  labors  of  the  topographical  corprf  will  be  visible  in 
the  series  of  maps,  which  will  be  published  as  soon  as  possible.  Some 
of  the  smaller  ones,  prepared  by  Mr.  Bechler,  aecompauy  this  report  - 
Ur.  Bechler  labored  with  the  utmost  zeal  and  fidelity,  and  his  maps  of 
the  Snake  River  Valley  and  its  tributaries  cannot  but  prove  a  most  im- 
portant addition  to  the  geography  of  one  of  the  least  known  portions 
of  our  continent.  The  observations  for  latitude  and  longitude  were 
taken  by  Mr.  Rudolph  Hering,  who  also  superintended  the  meteorolog- 
ical observations.  He  was  assisted  in  the  field  by  Mr.  Jaycox.  Mr. 
William  Nicholson  remained  at  Fort  Hall  and  made  a  most  valuable 
series  of  meteorological  observations.  Mr.  Adolph  Burck,  assisted  by 
Messrs.  Gannett  and  Brown,  secured  the  materials  for  a  map  of  the 
Yellowstone,  Madison,  and  Gallatin  Rivers,  with  their  branches,  com- 
prising an  area  of  about  nine  thousand  square  miles.  The  sudden 
death  of  Mr.  Burck  before  the  completion  of  his  map,  threw  additional 
labor  upon  Mr.  Gannett.  Mr.  Gannett  has  performed  his  duties  both  in 
the  field  and  in  the  ofiice  with  the  highest  credit  to  himself  and  to  the 
survey. 

Besides  the  two  main  parties,  several  smaller  parties  have  been  oper- 
ating under  the  auspices  of  the  survey  in  different  portions  of  the  West. 
It  is  a  part  of  the  policy  of  the  survey  to  invite  distinguished  special- 
ists to  examine  some  of  the  more  obvscure  and  difficult  problems  in  the 
geology  of  the  West.    There  has  been  for  a  longtime  some  differences  of 
opinion  in  regard  to  the  exact  age  of  some  portions  of  the  Cretaceous 
and  Tertiary  groups  of  the  West.    I  desired  to  gather  all  the  evidence 
that  could  be  secured  for  the  solution  of  the  question  the  present  sea- 
son.    Professor  Joseph  Leidy  and  Professor  E.  D.  Cope  spent  a  large 
part  of  the  summer  in  studying  the  ancient  lake-basins  in  the  interior 
of  the  continent,  which  have  now  become  celebrated  all  over  the  world 
for  tlie  richness  and  variety  of  their  vertebrate  fossils.    These  eminent 
gentlemen  were  most  successful  and  obtained  a  vast  quantity  of  valu- 
able material,  which  will  be  embodied  in  a  series  of  memoirs  illustrated   , 
T^ith  plates,  which  will  form  voluinel  of  the  quarto  series  of  final  repovta 
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Part  I,  volume  I,  by  Professor  Leidy,  coDtaininp^  thirty-six  plates,  is  now 
passing  through  the  press.  Part  II,  by  Professor  Cope,  with  fifty  to  sixty 
pbtes,  will  be  ready  for  publication  during  the  year. 

Professor  Leo  Lesquereux,  our  great  authority  in  fossil  botany,  made 
a  careful  study  of  the  coal  regions  of  the  West,  with  one  assistant,  and 
procured  a  uiass  of  valuable  information  and  many  new  species  of  fos- 
sil plants.  He  has  been  engaged  for  some  time  past  on  an  exhaustive 
memoir  ou  the  ancient  flora  of  the  Cretaceous  and  Tertiary  formations 
west  of  the  Mississippi  in  the  service  of  the  survey.  This  will  form 
Part  II,  volume  II.  Part  I,  by  Dr.  J.  S.  Newberry,  containing  about 
sixty  plates,  is  nearl^^  ready  for  publication. 

Volume  III,  by  the  eminent  paleontologist,  Mr.  F.  B.  Meek,  will  contain 
the  invertebrate  fossils  of  the  survey,  with  about  eighty  x>lates.  About 
forty  of  the  plates  have  been  engraved.  Mr.  Meek,  assisted  by  Mr.  H. 
M.  Bannister,  spent  about  two  months  during  the  past  summer  along 
'the  line  of  the  Union  Pacific  Eailroad  and  procured  much  evidence  from 
the  fossil  invertebrata.  All  these  gentlemen  have  prepared  essays  of 
great  value  for  the  present  annual  report. 

Volume  IV  will  contain  the  profiles,  sections,  and  other  illustrations 
with  descriptive  text  by  the  chief  geologist.  Part  I  will  contain  about 
one  hundred  illustrations,  printed  by  the  Albertype  process  from  pho- 
tographic negatives  taken  by  Mr.  Jackson.  The  views  will  embrace  some 
of  the  most  remarkable  scenery  of  the  West.  Part  II  will  contain  the 
profiles  and  sections,  with  suitable  descriptive  text. 

Volume  V  will  embrace  memoirs  on  the  recent  zoology  and  botany  of 
the  survey.  The  first  memoir  of  this  volume,  "  Synopsis  of  Acrididaj 
of  North  America,"  by  Professor  Cyrus  Thomas,  is  now  passing  through 
the  press.  Special  memoirs  by  the  most  eminent  authorities  are  in 
preparation  on  the  new  species  of  mammals,  birds,  fishes,  reptiles,  in- 
sects, indeed  all  the  new  forms  of  life,  animal  or  vegetiiblc,  collected  by 
the  survey. 

It  will  be  seen  that  the  survey  contemplates  two  classes  of  publica- 
tions :  the  annual  reports  and  miscellaneous  memoirs  in  octavo,  contain- 
ing an  account  of  the  preliminary  work,  catalogues  and  such  matter  as 
may  be  regarded  of  popular  interest,  and  are,  therefore,  printed  in  large 
editions  and  distributed  to  the  people  generally,  and  a  series  of  quarto 
volumes  which  will  contain  the  new  and  more  technical  results  of  the 
survey.  The  quarto  volumes  may  be  regarded  as  containing  positive  ad- 
ditions to  knowledge,  and  are  intended  more  especially  for  distribution 
to  libraries  and  men  of  science. 

The  collections  of  the  survey,  which  are  very  great  in  all  departments, 
are  deposited  in  the  Smithsonian  Institution,  in  accordance  with  a  law  of 
Congress.  The  first  and  most  complete  series  will  be  selected  for  the 
National  Museum,  and  the  duplicates  divided  into  sets  and  distributed 
to  the  museums  and  institutions  of  learning  in  our  country. 

I  have  again  the  pleasure  of  acknowledging  important  favors  from  the 
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military  authorities.  Hon.  W.  W.  Belknap,  Secretary  of  War,  issued 
the  same  order  on  the  military  posts  of  the  West  as  last  year.  His  per- 
sonal interest  in  the  success  of  the  survey  has  been  of  great  materifd 
value.  There  is  not  space  to  mention  the  names  of  all  the  officers  who 
exhibited  a  kindly  interest  in  our  success.  From  General  Ord,  com- 
mander of  Department  of  the  Platte,  at  Omaha,  our  party  received  the 
most  prompt  and  generous  aid  in  every  way  in  his  power.  He  has 
always  manifested  the  gi-eatest  interest  in  the  exploration  and  develop- 
ment of  the  West  by  all  parties,  civil  or  military. 

By  CJolonel  C.  A.  Reynolds,  of  Fort  D.  A.  Russell,  Captain  Putnam, 
Lieutenants  King  and  Nelson  of  Fort  Hall,  and  Miijor  Forsyth  and 
Lieutenant  McAdams,  of  Fort  Ellis,  si)ecial  favors  were  granted,  for 
which  I  beg  them  to  accept  m}'  cordial  thanks.  By  the  citizens  of  the 
western  Territories  everywhere  we  were  always  received  with  great 
good  will  and  aided  in  our  work.  To  his  excellency  Governor  Potts, 
J.  L.  Corbett,  A.  B.  Knight,  and  Raymond  Brothers,  of  Virginia  City ; 
to  Willson  and  Rich  and  Nelson  Story,  of  Bozeman,  Warren,  Hussey 
&  Co.,  Salt  Lake  City,  and  Nat  Stein,  of  Corinne,  and  many  others,  we 
are  under  many  obligations  for  favors  of  great  importance. 

To  the  officers  of  the  Union  Pacific  Railroad,  Hon.  Horace  F.  Clark, 
president,  and  General  T.  E.  Sickles,  general  superintendent,  the  survey 
is  under  the  most  Important  material  obligations  for  free  transportation 
for  nearly  all  the  members  of  the  party.  From  the  Central  Pacific, 
Kansas  Pacific,  Denver  Pacific,  Chicago,  Burlington  and  Quinc}-,  and 
the  Denver  and  Rio  Grande  roads  we  received  a  liberal  number  of  passes. 
1  wish  to  extend  my  cordial  thanks  to  the  officers  aud  employes  of  all 
the  railroads  of  the  West  for  uniform  courtes}'  and  marked  sympathy  in 
all  our  operations. 

I  would  again  express  my  sincere  thanks  to  the  press  in  all  parts  of 
our  country-  for  their  uniform  interest  and  encouragement  in  our  work. 
Since  the  commencement  of  our  surveys  in  the  West,  there  has  not  been 
an  unkind  expression  from  the  press,  secular  or  scientific,  in  this  country 
or  in  Europe. 

To  the  editors  of  the  Illustrated  Christian  Weekly  I  am  indebted 
for  some  most  valuable  electrotypes  which  have  been  Uvsed  in  this 
report.  Thanks  are  also  due  to  Professors  Henry  and  Baird,  of  the 
Smithsonian  Institution,  for  many  favors  of  great  value. 

The  success  which  has  attended  the  operations  of  the  survey  for  the 
past  six  years ;  the  publication  of  six  annual  reports  which  have  been 
received  with  great  favor  not  only  by  the  people  of  our  own  country, 
but  in  all  parts  of  the  world,  would  appear  to  entitle  it  to  the  continued 
confidence  of  Congress.  Its  organization  is  becoming  more  efficient  and 
more  perfect  every  year,  and  it  is  believed  that  it  occupies  a  position 
under  the  General  Government  not  filled  by  any  other  body  devoted  to 
kindred  pursuits.  From  the  great  interest  which  the  people  of  our 
country  have  continually  manifested  in  its  success,  it  would  appear  to 
BHpply  an  existing  want,  and  it  is  capable  of  expansion  to  meet  the 
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necessities  of  the  Goyemment  so  far  as  its  duties  are  concerned.  I  there- 
fore venture  to  ask  that  additional  power  be  given  it  to  increase  its  effi* 
ciency,  that  it  may  oontinne  to  command  the  respect  not  only  of  men  of 
science,  bat  of  the  intelligent  world  generally. 

To  render  the  organization  more  perfect,  so  far  as  the  topographical 
portion  is  concemed,  Mr.  J.  T.  (lardner,  so  long  favorably  known  as 
the  chief  topographer  of  the  geological  survey  of  the  fortieth  parallel, 
under  the  direction  of  Mr.  Clarence  King,  has  become  associated  with 
me  as  chief  of  the  topographical  staff.  Mr.  Gardner  brings  with  him 
to  this  duty  the  ripe  experience  of  ten  years  of  topographical  work,  ex- 
tending over  an  area  from  the  Pacific  coast  to  the  east  base  of  the  Bocky 
Mountains.  Mr.  Gardner  thus  expresses  his  conception  of  a  tme  topo- 
graphical map  for  geological  purposes: 

For  luakiDg  maps  snited  to  geological  pnrposes  it  is  neeeaaary  to  carry  over  fbo 
country  a  systematio  trigonometrio  aud  topographical  sarvey,  checked  by  astronomL 
cal  obserratioiiB.  The  mape  moat  represent  the  featnree  of  the  ooantry  accurately,  and 
in  bold  relief;  or,  in  other  words,  they  most  be  a  piotnre  of  the  eartli^s  surfkce  as  ono 
would  see  it  looking  down  from  above. 

The  work  of  the  survey  as  contemplated  by  the  present  organization 
demands  the  very  highest  order  of  talent.  To  command  this,  it  is  neces- 
sar5^  that  the  young  men  who  may  embark  in  this  enterprise  should  feel 
a  confidence  in  the  permanency  of  the  work,  instead  of  regarding  it  as 
a  stepping-stone  to  more  lucrative  positions.  Bach  professional  assist- 
ant is  worth  to  the  Oovemment  from  50  to  100  per  cent,  more,  every 
succeeding  year.  To  make  thorough  astronomical,  topographical,  mete- 
orological, geological,  and  botanical  researches,  and  to  develop  the  min- 
ing and  agricultural  resources  propedy,  trained  experts  in  nil  the  differ- 
ent departments  are  absolutely  essential.  Such  men  to  identify  them- 
selves permanently  with  the  survey  must  be  paid  in  proportion  to  their 
abilities. 

In  conclusion,  I  would  again  extend  my  cordial  thanks  to  the  honora- 
ble Secretary  of  the  Interior,  and  to  Hon.  B.  B.  Go  wen.  Assistant  Secre- 
tary, for  their  prompt  action  and  sympathy  in  every  moveireut  that 
tended  to  promote  the  best  interests  of  the  survey.  The  broad  discre* 
tion  and  freedom  of  action  which  has  at  all  times  been  given  to  the  Chief 
Geologist  under  the  Bepartment  of  the  Interior  have  contributed  very 
greatly  to  its  success. 

Very  resi>ectlully,  your  obedient  servant, 

F.  V.  HAYDEN, 

United  States  Geologist 

Hon.  C.  Delano, 

Secretary  of  the  Interior. 
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CHAPTER  I. 

INTRODUCTORY. 


I  had  intended  in  this  report  to  present  a  carefal  resume  of  the  geol- 
ogy of  the  Northwest,  so  far  as  my  explorations  have  extended  5  but  the 
nnnsual  pressure  of  executive  duties,  in  connection  with  so  large  a  party, 
has  prevented  me.  I  shall,  therefore,  in  this  chapter  pass  hastily  in 
review  some  of  the  more  important  points  that  occur  along  our  route, 
from  Cheyenne  to  the  Yellowstone  region. 

I  will  first  notice  briefly  the  lignitic  formations  as  they  appear  along 
our  route.  Inasmuch  as  there  has  been  some  diversity  of  opinion  among 
geologists  in  regard  to  the  precise  position  in  the  geological  scale  of  the 
great  coal  or  lignitic  group  of  the  West,  I  desired  to  secure  all  the  evi- 
dence possible  bearing  on  that  point.  For  this  puriK)se  Professor  Leo 
Lesquereux,  our  great  authority  on  fossil  botany,  was  directed  to  spend 
a  few  months  in  exploring  the  coal-beds  of  the  West.  He  passed  along 
the  Kansas  Pacific  Railway  to  Denver,  Colorado,  examining  the  Creta- 
ceous coal-beds  on  the  route.  From  Denver  he  proceeded  along  the 
base  of  the  mountains  to  Santa  Fd,  and  returning,  made  a  careful  study 
of  the  coal-groups  as  shown  in  the  vicinity  of  Denver.  He  then  visited 
the  principal  points  of  interest  along  the  Union  Pacific  Railroad  to  Salt 
Lake  City.  The  reader  is  referred  to  his  valuable  reports  in  this  vol- 
ume for  the  results  of  his  examinations. 

Besides  the  lignitic  group,  there  is  a  series  of  extensive  lake  basins 
in  the  interior  of  our  continent  which  have  already  yielded  an  astouisk- 
ing  number  of  remarkable  vertebrate  remains.  Inasmuch  as  greater 
weight  is  attached  by  some  geologists  to  the  testimony  of  the  higher 
order  of  organic  remains.  Professor  Joseph  Leidy  and  Professor  E.  D. 
Cope,  both  of  whom  are  justly  regarded  as  the  most  eminent  compara- 
tive anatomists  of  our  country,  made  a  careful  exploration  of  the  lignitic 
and  more  modern  lake  groups,  under  the  auspices  of  the  survey.  Their 
reports,  appended  to  this  volume,  will  throw  great  light  on  the  age  of 
these  formations. 

Mr.  F.  B.  Meek,  paleontologist  of  the  survey,  assisted  by  Mr.  H.  M. 
Bannister,  made  a  careful  study  of  the  lignitic  group  from  the  inverte- 
brate side,  and  their  reports  contain  most  valuable  results.  The  time 
has  been  so  short  for  the  preparation  of  this  report  that  I  have  not  been 
able  to  examine  the  results  of  the  studies  of  these  eminent  gentlemen, 
and  therefore  cannot  present  their  conclusions  in  regard  to  the  age  of 
these  deposits  with  certainty.  I  am  of  the  impression,  however,  that 
Professor  Lesquereux  concludes,  from  his  study  of  the  fossil  plants,  that 
the  lignitic  strata  are  mostly  Eocene.  Mr.  Meek  believes  them  to  be 
upper  Cretaceous,  passing  up  through  a  series  of  transition  beds  to 
Eocene;  while  Professor  Cope  regards  them  as  of  Cretaceous  age. 
All  these  gentlemen  must  be  regarded  as  individually  responsible  for 
the  opinions  expressed  in  their  reports. 
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I  will  jiist  here  state  briefly  the  history  of  the  growth  of  the  evidence 
in  regard  to  the  age  of  the  lignitic  group  as  expressed  in  my  previous 
reports.    As  far  back  as  1854  and  1855,  the  writer  was  exploring  the 
Tertiary  formations  along  the  Missouri  Kiver,  and  made  large  collec- 
tions of  shells  and  plants,  most  of  which  were  new  to  science.    These 
exi)lorations  were  continued  etujh  year  up  to  the  autumn  of  1860,  in 
vnrious  ])arts  of  tlie  Northwest,  and  annually  large  additions  were  made 
to  the  collections  both  of  vegetable  and  animal  remains.    The  shells 
were  all  of  extinct  species,  of  brackish  or  fresh-water  origin,  and,  while 
they  did  not  appear  to  be  positively  characteristic  of  any  age,  were 
regarded  by  Mi*.  Meek  as  more  nearly  resembling  Tertiary  types  than 
any  other.    The  fossil  plants  were  mostly  of  extinct  species;  and  in  his 
most  valuable  chapters  contributed  to  the  "  Report  of  the  Exploration 
of  the  Yellowstone  and  Missouri  Rivers,^  during  the  years  185y-'C0,  Dr. 
Newberry  expressly  states  that  they  are  of  Tertiary  age,  and  most  prob- 
ably Miocene.    Now,  these  lignitic  strata  occupy  a  vast  area  in  the 
Upper  Missouri  Valley,  extending  far  southward,  with  very  little  inter- 
ruption, to  New  Mexico,  and  westward  into  the  interior  of  the  continent. 
I  have  many  times,  in  my  previous  reports,  expressed  the  opinion  that 
the  lignitic  formations  of  the  West  were  all  portions  of  one  great  group, 
interrupted  here  and  there  by  mountain-chains,  or  concealed  by  more 
modern  deposits.    Having,  therefore,  fixed  the  age  of  these  beds  on  the 
Ijpi)er  Missouri,  and  subsequently  tracing  them  across  the  ex)untry, 
southward  below  Santa  Fe,  and  westward  neiirly  to  Salt  Lake  Valley, 
I  ventured  to  express  the  opinion,  from  the  identity  of  the  fossil  flora, 
that  all  the  lignitic  strata  of  the  West  might  be  of  Tertiary  age.    In  the 
summer  of  1808, 1  made  an  examination  of  the  lower  coal-beds  at  Bear 
River  City  and  at  Coalville,  Utah,  and  made  the  statement  that  the 
evidence  seemed  to  point  to  the  Cretaceous  sige  of  these  beds.    Since 
that  time  the  proof  of  the  Cretaceous  age  of  the  lower  coal-beds  in  [Jtah, 
especially  at  Bear  River  and  Coalville,  appears  to  be  conclusive.     But 
if  we  admit  that  the  coal-beds  of  Wyoming  and  Colorado  are  all  of  Cre- 
taceous age,  I  think  we  may  extend  them  all  over*  the  Northwest  and 
ignore  the  evidence  from  the  fossil  flora  entirely.    The  facts,  as  we  pos- 
sess them  at  the  present  time,  seem  to  point  to  the  conclusion  that  the 
deposition  of  the  lignitic  strata  commenced  during  the  latter  portion  of 
the  Cretaceous  period,  and  continued  on  into  Tertiary  times  without  any 
marked  physical  break,  so  that  many  of  the  Cretaceous  types,  espe- 
cially of  the  vertebrata,  may  have  lingered  on  through  the  transition- 
period,  even  into  the  Tertiary  epoch.    I  propose  to  discuss  this  very 
important  problem  in  detail  at  some  future  time.    Each  year's  explora- 
tion adds  immensely  to  our  knowledge  of  the  vast  Cretiiceous  and  Terti- 
ary groups  of  the  West,  and  the  time  cannot  be  far  distant  when  the 
facts  accumulated  will  enable  us  to  reconstruct  the  physical  history  of 
those  remarkable  periods. 

Although  the  survey  began  its  labors  near  Ogden  in  the  Great  Salt 
Lake  Basin,  yet  we  shall  delay  oidy  to  note  a  few  features  which  seem 
important.  The  geology  of  this  great  basin,  from  the  Sierras  to  the 
Wahsatch  Range,  will  cloubtless  be  ably  discussed  in  the  forthcoming 
volumes  of  Mr.  Clarence  King,  in  charge  of  the  geological  exploration 
of  tlie  fortieth  parallel.  Tiie  results  of  this  survey  will  prove  of  the 
highest  importance  to  Rocky-Mountain  geology.  The  survey  under  my 
charge  is  annually  accumulating  materials  looking  toward  a  more  com- 
plete discussion  of  the  i)riucipal  geological  features  of  this  interior 
region,  should  the  much-looked-for  period  of  leisure  ever  arrive  to  digest 
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them.    A  portion  of  the  observations  made  on  several  expeditious  have 
been  given  in  the  rei)ort«  of  the  survey  for  the  years  1870  and  1871. 

By  examining  a  good  map  of  Utah,  it  will  be  seen  that  the  Wahsatch 
Bange  forms  the  eastern  boundary  of  the  great  interior  basin.    In  many 
respects  this  is  the  most  remarkable  range  of  mountains  in  the  interior 
of  our  continent.    Mr.  King,  in  Chapter  VII,  Mining  Industry,  has 
briefly   but  most  graphic^illy  described    its    general  structure.     He 
remarks  that  the  materials  of  this  range  are  identical  with  the  numer- 
ous great  chains  of  the  interior  basin,  though  developed  on  a  scale  of 
grandeur  observed  nowhere  else.    The  basis  rocks  are  a  series  of  alter- 
nating layers  of  quartzose,  mica  and  hornblendic  schists.    Above  these 
rests  a  heavy  bed  of  quartzite,  with  very  regular  and  miuked  stratifica- 
tion.    Above  the  quartzite  comes  a  bed  of  very  hard  ashen-gray  lime- 
stones, probably  of  Silurian  age ;  then  a  group  of  shales,  clays,  quartzites, 
&c.;  and  then  a  great  thickness  of  limestones,  the  upper  portion  of  which 
has  been  shown  by  the  organic  remains  to  be  of  Carboniferous  age.    In 
the  Weber  Canon  and  on  the  east  side  of  the  range  from  Ogden,  there  is  a 
large  groupof  quartzites,  passing  upinto  siliceous  limestones  and  capped 
with  a  bed  of  red  sandstone,  which,  so  far  as  my  own  observations  are  con- 
cerned, is  of  doubtful  age,  but  may  be  Triassic.    Above  these  comes  a 
thick  group  of  bluish-gray  limestones,  with  characteristic  Jurassic  fossils. 
These  ranges,  which  seem  to  me  to  run  in  nearly  parallel  lines,  about  north 
and  south,  appear  to  i>ossessa  common  structure  and  point  to  a  common 
origin,  and  cannot  be  treated  in  a  comprehensive  manner  except  by  a 
geologist  familiar  with  the  entire  basin  and  it«  surroundings.    These 
ranges  rise  up  in  long,  sharp  ridges,  apparently  fcom  the  plains,  while 
the  lowlands  are  covered  with  a  group  of  modern  deposits,  which  jut  up 
against  the  base  of  the  mountain  chains  on  either  side.     Since  the 
crumpling,  or  folding,  of  the  earth's  crust,  which  gave  origin  to  this 
wonderful  series  of  mountain-chains,  the  erosion  has  been  immense.    It 
is  most  probable  that  at  a  comparatively  modern  period  the  vast  area 
between  the  Wahsatch  Mountains  on  the  east  an<l  the  Sierra  Nevada 
on  the  west  was  one  great  lake,  the  mountains  rising  up  as  islands  in 
this  vast  inland  sea.    The  lakes,  large  an<l  small,  which  we  find  scat- 
tered over  the  basin  at  the  present  time,  are  only  remnants  of  this  for- 
mer sea.    The  modern  deposits  which  cover  the  lowlands  are  mostly 
calcareons  and  arenaceous  beds,  and  sometimes  reach  a  thickness  of 
800  to  1,200  feet,  and  often  filled  with  fresh-water  or  land  shells,  indi- 
cating a  very  modern  origin,  probably  not  older   than  the  Pliocene 
period.     At  any  rate,  the  strata  are  all  horizontal  or  nearly  so,  showing 
that  no  disturbance  of  any  great  importance  has  occuried  since  their 
deposition.    These  ranges  of  mountains  extend,  with  greater  or  Jess 
intervals  in  their  continuity,  far  northward  into  Idaho  and  Montana. 
Certain  changes  in  the  details  of  structure  are  apparent  as  we  pass 
northward  to  Snake  River  Basin,  but  there  is  a  remarkable  similarity  in 
the  rock-materials  as  far  as  the  great  water-divide  of  the  continent, 
when  rather  marked  changes  occur  in  the  mountain-ranges  of  Montana, 
where  the  quartzites  give  place  to  great  thi^jknesses  of  limestones. 
Indeed,  in  Montana  the  quartzites,  which  are  so  well  shown  in  Utah,  have 
00  existence^  though  far  to  the  westward  in  the  Salmon  Kiver  Mountains 
they  ccmtiuue  in  full  force.    We  have  not  the  materials  as  yet  for  a 
critical  study  of  these  remarkable  folds  or  wrinkles  in  the  earth's  crust 
that  are  scattered  throughout  this  interior  basin,  more  or  less  parallel 
to  each  other.    Sometimes  the  granitic  nucleus  is  nnealed,  with  the 
anchaDged  beds  obscurely  exposed  around  the  sides  or  base  of  the  range. 
Usually  the  very  hard  limestones  have  served  as  a  sort  of  protection, 
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and  are  generally  seen  in  fnll  force.  In  the  Waheatcli  Range  some  of 
the  peaks  rise  to  the  regions  of  x)erpetual  snow,  and  on  either  side  deep 
and  most  pictnresqne  canons  are  carved  ont  of  the  solid  mass  into  the 
valleys  below.  Little  and  Big  Cottonwood  and  American  Fork  Gafions 
are  onl^-  exami)les  of  hundreds  of  these  wonderful  canons,  having, 
on  either  side,  nearly  vertical  walls  1,000  to  2,000  feet  in  height. 
The  Oquirrh  Mountains  at  the  south  end  of  Salt  Lake  form  a  fine  illus- 
tration of  an  oblong  quaqnaversal,  an  interrupted  fold  or  puff,  with  the 
strata  inclining  at  various  angles  from  all  sides.  From  Lyon  Uill  the 
geologist  can  see  the  Carboniferous  limestones  inclining  southward  from 
the  south  end  of  the  range,  and  as  he  follows  along  the  base  northward 
the  quartzites,  shales,  or  limestones  which  compose  the  sedimentary 
group  incline  westward,  while  at  the  north  end  near  the  lake,  the 
strata  bend  around,  and  apparently  dip  under  the  waters  of  the  lake, 
while  on  the  east  side,  these  beds  incline  to  the  eastward,  and  appar- 
ently pass  under  the  valley.  We  can  see,  therefore,  that  these  valleys 
are  really  synclinals,  which  have  been  excavated  more  or  less  by  erosion. 
The  islands  in  Salt  Lake  are  only  the  crests  of  these  folds,  while  the 
waters  ()ccui)y  the  synclinal  valleys;  and  this  remnant  illustrates  on  a 
small  scale  the  scenic  beauty  of  the  great  inland  sea  when  it  extended 
over  the  entire  basin.  Ophir  Canon  is  one  of  the  deep  gorges  carved  out 
of  the  west  side  of  the  Oquirrh  Eange,  at  right  angles  to  the  axis  of  eleva- 
tion, revealing  the  strata  on  either  side  in  a  wonderfully  clear  manner, 
llegularly-stratifled  quartzites  rest  upon  a  series  of  granitoid  strata, 
which  are  exposed  only  here  and  there  in  these  deep  gorges.  The 
quartzites  pass  up  into  micac*eous  clays  or  shales,  then  gradually  up  into 
limestones,  in  which  are  located  some  of  the  richest  silver-mines  in  Utah. 
It  is  quite  probable  that  the  lower  beds  of  quartzites  and  limestones  are 
of  Silurian  age,  perhaps  as  old  as  the  Potsdam  group,  while  we  know 
that  at  least  the  greater  portion  of  the  second  limestone-bed  is  of  Car- 
boniferous age.  On  Lyon  Hill,  the  silver-mines  are  located  in  lime- 
stones that  are  full  of  characteristic  Carboniferous  fossils.  Another 
interesting  feature  which  tends  to  complicate  the  structure  of  these 
ranges  is  the  great  number  of  dikes  of  every  size.  In  some  instances 
the  igneous  matter  has  poured  out  over  a  considerable  area.  Again,  it 
has  never  reached  the  surface,  as  is  shown  only  in  the  deep  water- 
ear  ved  gorges.  In  Brigham  Caiion,  on  the  east  side  of  the  Oquirrh 
Kange,  are  several  well-marked  dikes;  also  on  Lyon  Hill  and  Ophir 
Caiiou.  At  the  north  end  of  this  range  the  effect  of  erosion  is  well 
shown  by  the  outcropping  edges  of  the  beds  of  limestone  that  are 
exposed  on  the  bottom  and  extend  even  into  the  lake.  Black  rock 
appears  to  be  a  mass  of  Carboniferous  limestone,  a  remnant  of  a  bed 
that  once  extended  over  the  area  occupied  by  the  mountains,  but  now 
l)robably  dipping  beneath  the  valley  and  the  lake-basin.  Church  Island 
is  composed  almost  entirely  of  quartzites.  Antelope  Island  has  a  table- 
shaped  top,  which  would  indicate  that  the  terraces  reached  as  high  as 
its  present  summit. 

As  a  fine  illustration  of  erosion  in  connection  with  these  remarkable 
anticlinal  folds  and  synclinal  valleys,  we  might  take  the  Wahsatch 
Kange  from  Salt  Lake  City  northward.  To  the  southeast  and  east  of 
Salt  Lake  City  we  can  see,  with  great  clearness,  the  deep  water-worn 
canons  cleaving  the  mountains  from  summit  to  base,  while  on  either  side 
are  the  sharp  angular  peaks  rising  up  among  the  regions  of  perpetual 
snow.  Twin  Peaks  are  among  the  loftiest  of  the  range,  and  may  be  seen 
at  a  great  distance  on  either  side.  Tiie  caiion  of  the  Little  Cottonwood 
is  one  of  the  most  picturesque  in  this  very  picturesque  region.    At  the 
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head  of  it  is  located  the  celebrated  Emma  Mine.  The  walls  on  either 
*  side  rise  to  the  height  of  20^  to  300  feet.  We  have  at  the  base  the 
beautiful  gray  massive  syeuite,  which  is  en)ployed  in  the  construction  of 
the  Mormon  Temple,  and  resembles  our  best  Quincy  granite.  Upon 
this  rests  a  series  of  feldspathic  gneissic  strata,  and  upon  these  were 
deposited  the  lower  quartzites  unconformably.  The  dip  of  the  gneiss  is 
south  or  southeast,  while  the  quartzites  incline  nortb  or  east  of  north. 
The  order  of  superposition  is  most  clearly  shown .  by  these  wonderful 
gorges.    But  as  examples  of  erosion  they  excite  wonder. 

The  evidence  of  drift  or  glacial  action  is  everywhere  seen  on  a 
grand  scale.  The  sides  of  the  caiions  are  worn  and  furrowed  by  the 
masses  of  snow  and  ice  that  have  slidden  down  for  centuries.  The 
waters  gathering  and  freezing  in  the  fissures  on  the  sides  and  margins 
of  the  canons  pry  off,  as  it  were,  immense  masses  of  rock,  which  fall 
down  into  the  valley  below.  Masses,  50  to  100  feet  in  diameter,  block 
up  the  pathway.  Near  the  entrance  of  the  canon  from  the  valley  the 
amount  of  drift-matiCrial  which  has  been  swept  down  from  above  is  pro- 
digious, showing  the  results  of  forces  not  now  in  operation.  As  we  pass 
along  the  west  side  of  the  range,  we  shall  find  a  vast  thickness  of  the 
sedimentary  rocks,  ranging  through  the  Silurian,  Carboniferous,  Triassic, 
Jurassic,  and  Tertiary,  inclining  from  the  mountains  toward  the  plains, 
showing  the  original  anticlinal  structure  of  the  entire  range. 

In  City  Creek  Canon,  just  in  the  rear  of  Salt  Lake  City,  we  find  near 
the  head,  all  the  older  rocks,  up  to  the  Jurassic  inclusive,  standing  nearly 
vertical,  or  incliniug  at  a  high  anglb,  with  the  conglomerates  of  the 
Wahsatch  git)up,  jutting  against  the  Jurassic  beds,  also  inclining  at  a 
moderate  angle.  I  have  never  yet  observed  any  rocks  on  the  west  side 
of  the  Wahsatch  Eange  filling  up  the  interval  between  the  Jurassic 
limestone  and  the  Wahsatch  conglomerates.  We  know,  however,  that 
south  of  Utah  Lake,- the  interval  is  filled  up  more  or  less  by  the  coal- 
gi'oup,  which  seems  to  be,  from  the  evidence  of  the  fossils,  the  same  as 
that  so  well  shown  at  Coalville  on  the  east  side  of  the  Wahsatch.  We 
see  by  this  fact  that  the  conglomerates,  although  not  conspicuous  at 
the  present  time,  on  the  east  side  of  the  valley,  did,  liowever,  extend  over 
the  range  into  the  valley,  and  may,  for  aught  we  know  at  the  ])resent 
time,  extend  far  across  the  valley,  for  they  are  ghown  with  a  great  thick- 
ness on  the  west  side  from  City  Creek  Caiion  for  several  miles  to  the 
northward. 

From  among  the  Tertiary  clays  and  conglomerates  north  of  the  city 
near  the  Hot  Springs  and  above,  the  dark  steel-gray  limestones  of  the 
Carlioniferous  i^eriod  crop  out  in  numerous  places.  About  ten  miles 
north  of  Salt  Lake  City  all  this  immense  mass  of  sedimentary  beds,  at 
least  10,000  feet  in  thickness,  has  been  swept  away,  leaving  the  gneissic 
nucleus  bare  with  the  modern  drift  which  underlies  the  terrace  jutting 
against  the  sides.  From  Farmington  to  Weber  Caiion,  a  distance  of 
about  twentv-five  miles,  the  beds  of  the  little  streams  which  flow  in 
great  numbers  and  carve  out  deep  canons  in  the  sides  of  the  mountains, 
funiish  no  trace  of  any  unchanged  rocks. 

Standing  upon  some  high  point  and  casting  the  eye  northward  along 
the  range,  the  very  granitoid  nucleus  would  appear  to  have  been  worn 
away,  and  the  east  side  of  the  anticlinal  to  appear  with  the  upturned 
edges  of  the  strata  cropping  out  toward  the  valley  near  Ogden.  This 
monoelinal  condition  of  the  range  continues  northward  beyond  Corinne, 
and  in  the  intervals  are  some  very  fine  exhibitions  of  the  strata.  Here 
and  there  the  granitic  rocks  appear  from  beneath  the  quartzites,  but  not 
continuously.    If«we  take  the  position  that  this  wonderfully  picturesque 
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rangje  of  moantains,  wkicli  we  call  the  Wabsatch  Bange,  was  originally 
a  complete  anticliual  fold,  then  it  forms  a  Ane  illastration  of  the  erosive 
eftecta  of  water  in  comparatively  modern  geological  times,  which  for  so 
great  a  distance  has  swept  away  the  entire  half  of  the  range.  We  tiay 
also  suppose  that  beneath  the  great  thickness  of  superficial  deposits  which 
compose  the  terraces,  the  edges  of  the  strata  which  form  the  west  side  of 
the  fold  now  exist,  dipping  beneath  the  valley,  but  rising  again  on  the  side 
of  some  other  fold  in  the  basin  as  Antelo[>e  Island,  &c.  If  our  suppositions 
are  true,  the  next  question  that  at  once  arises  in  the  mind  would  be  as  to 
the  cause  of  this  tremendous  erosion.  We  have  neither  space  nor  time, 
even  if  we  had  all  the  facts,  to  discuss  this  most  interesting  ))roblem  in 
the  present  report,  but  we  promise  our  readers  to  recur  to  it  again  at 
some  future  time.  We  may,  however,  suppose  that  the  Wahsatch  Range 
formed  the  eastern  shore  of  the  great  inland  sea  which,  at  a  compara- 
tively modern  geoloj;:ical  period,  covered  the  entire  basin.  How  great  a 
depth  it  ever  attained  it  is  difficult  now  to  determine,  but  at  some  period 
its  waters  must  have  reached  high  upon  the  sides  of  the  loftiest  ranges, 
so  that  they  appeared  scattered  here  and  there  as  islands  projecting 
above  the  surrounding  waters.  It  is  probable  that  during  the  gradual 
decrease  of  the  waters  of  this  lake  the  greater  portionof  the  erosion  of 
the  canons  was  performed.  Up  the  valleys  of  all  the  little  streams  that 
lead  into  Salt  Lake  are  the  terraces  and  peculiar  lake-deposits,  showing 
that  the  lake-waters  extended  far  up  beyond  the  wall-like  shores.  It  is 
altogether  probable,  from  the  proofs  which  are  found  everywhere  in 
these  valleys,  that  there  were  continued  oscillations  in  the  depth  of  the 
lake- waters,  a  rise  and  fall,  and  long  periods  when  the  waters  would 
remain  at  a  fixed  level.  If  we  take  the  position  that  the  present  results 
of  erosion  have  all  been  brought  about  by  the  slow  destruction  of  the 
rock-materials  by  water,  and  that  this  force  is  produced  by  the  agita- 
tion of  the  waters  beating  upon  the  shores,  then  we  may  suppose  that 
the  winds  from  the  west  and  southwest  prevailed  and  gave  to  the  waters 
the  force  that  slowly  produced  the  erosive  results  that  we  now  see  on 
the  ea«t  and  northeast  sides  of  the  valley.  Other  causes  may  have 
united  in  producing  these  results,  which  we  hope  to  present  at  some 
other  time. 

From  Salt  Lake  Valley  the  Snake  River  division  of  the  survey  pro- 
ceeded northward,  by  way  of  the  parallel  valley,  to  the  valley  of  Snake 
River  near  Fort  Hall.  In  my  report  for  x871,  I  recorded  most  of  our 
observations  on  this  route,  and  now  refer  the  reader  to  the  more  com- 
plete account  of  Professor  Bradley  in  this  report. 

As  we  proceed  northward  toward  the  divide  between  the  waters  of 
the  basin  and  Snake  River,  the  quartzites  seem  to  diminish  and  the  cal- 
careous beds  to  increase,  and  the  conditions  seem  to  have  been  more 
favorable  for  the  preservation  of  organic  remains.  The  Carboniferous 
limestones  seem  to  be  well  developed,  and  charged  in  some  places  with 
characteristic  fossils.  On  the  divide  between  Ross  Fork  and  Lincoln 
Valley,  near  Fort  Hall,  Professor  Bradley  obtained  a  stray  mass  of 
limestone,  in  which  w^as  crowded  together  a  mass  of  minute  fossils,  nearly 
forty  sjwcies,  many  of  them  identical  with  species  found  at  Si)ergen  Hill, 
Indiana.  (See  Catalogue  of  Fossils,  by  Mr.  Meek.)  This  is  certainly  a 
most  important  discovery,  extending  the  existence  of  this  formation 
very  much  farther  west  than  it  had  ever  been  known  before.  Previous 
to  this  time  not  a  single  species  of  this  group  had  been  found  west  of 
Iowa  or  Missouri.  It  indicates  that  quite  probably,  if  the  great  mass  of 
Paleozoic  rooks  of  the  West  could  be  examined  in  detail,  they  might  be 
separatc<l  into  numerous  subdivisions,  as  we  find  them  where  they  have 
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been  studied  so  minutely  ea^t  of  the  Mississippi.  The  evidence,  how- 
ever, 80  far  as  I  have  been  able  to  procure  it  as  yet,  is  against  any  weH- 
defined  lines  of  demarkation ;  that  the  fossils  which  have  been  employed 
by  paleontologists  at  the  East  to  characterize  certain  beds  pass  from 
one  to  the  other  in  these  western  groups,  so  that  no  well-defined  line 
can  be  drawn  in  most  cases. 

As  far  back  as  1857,  while  the  writer  wa«  connected  with  the  explor- 
ing expedition  of  Lieutenant  Warren,  United  States  Topographical 
Engineers,  he  obtained,  from  a  series  of  reddish  calcareous  sandstones,  a 
group  of  fossils,  which  Mr.  Meek  at  once  identified  as  belonging  to  the 
horizon  of  the  Potsdam  sandstone  of  New  York.  The  key  having  been 
once  secured  to  the  age,  it  was  not  difficult  to  extend  the  area  of  this  group 
farther  west  and  north  and  south  on  a  geological  map,  and  one  was  pre- 
pared by  me  and  published  in  connection  with  my  report  for  1869,  whi'ch 
indicated  the  existence  of  this  division  all  along  the  margins  of  the  east- 
em  Rocky  Mountain  ranges.  But  it  was  not  known  until  the  present 
season  that  still  higher  members  of  this  group  existed  in  the  far  West. 
While  the  Snake  River  division  was  passhig  up  the  Malade  Valley, 
Professor  Bradley  discovered  masses  of  limestone  filled  with  fragments 
of  trilobites  that  indicated  the  existence  of  the  Quebec  group.  The 
proof  once  made  known  from  some  favored  locality,  it  was  not  difficult  to 
extend  the  geographical  area  over  the  greater  part,  or  perhaps  all  the 
area,  of  the  Northwest.  At  any  rate,  the  party  under  my  direction  tbnnd 
this  group  well  developed  over  the  greater  portion  of  Montana.  Along 
the  Gallatin  River,  near  the  Three  Forks,  and  below,  the  Silurian  beds 
reach  an  aggregate  thickness  of  1,60()  to  2,000  feet,  and  most  probably 
include  the  entire  Potsdam  group.  Future  explorations  in  localities 
where  the  conditions  are  favorable,  may  reveal  the  existence  of  other 
subdivisions  of  the  Silurian,  Devonian,  or  Carboniferous.  The  discovery 
of  the  well-known  Silurian  coral,  Halysites  catenipora^  in  the  summer  of 
1871,  near  the  sources  of  Ogden  Creek,  points  to  the  existence  of  the 
Niagara  group. 

In  the  spring  of  1850,  a  large  expedition  was  organized  under  the 
War  Department  for  the  ])nrpose  of  exploring  the  sources  of  the  Mis- 
soui  I  iind  Yellowstone  Rivers,  and  placed  under  the  direction  of  Captain 
William  F.  Raynolds,  Topographical  Engineers.  To  this  expedition 
the  writer  was  "attached  as  geologist.  The  party  started  across  the 
country-  from  Fort  Pierre,  on  the  Missouri  River,  in  the  spring  of  1850, 
passed  along  the  north  side  of  the  Black  Hills  to  the  valley  of  the  Yel- 
lowstone, and  then  up  that  valley  to  the  mouth  of  the  Big  Horn  River, 
and  then  up  the  valley  of  the  Big  Horn  to  the  Big  Horn  Mountains 
southward  to  Deer  Creek,  a  tributary  of  the  North  Platte  about  one 
hundred  miles  above  Fort  Laramie,  where  they  spent  the  winter.  In 
the  spring,  the  party  passed  up  the  North  Platte,  by  way  of  the  Red 
Buttes,  to  the  valley  of  Wind  River,  ascended  that  stream  to  its  source, 
and  crossed  the  Wind  River  Mountains  over  Union  Pass  into  the  valley 
of  Snake  River,  crossed  that  stream  near  Jackson's  Hole,  passed  up  the 
valley  northward  across  the  sources  of  the  little  streams  running  into 
Henry's  Fork  on  the  east  side,  and  entered  the  valley  of  the  Madison 
through  Low  or  Raynolds's  Pass.  Captain  Rayuolds's  report,  accompa- 
nied by  an  excellent  map,  Wcis  published  by  Congress  in  1868,  and  the 
report  of  the  geologist,  accompanied  by  a  geological  map  in  colors,  was 
published  in  1860.  As  these  reports  are  now  out  of  print,  I  take  the 
liberty  of  making  such  extracts  as  will  be  of  interest  in  this  connection. 
The  portion  recording  my  observations  of  the  geology  about  the  Wind 
River  Mountains,  Snake  River  Valley,  T6tons,  i&c,  is  comprised  in  the 
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followiug  extraoto  from  Chapter  X,  commencing  at  the  bottom  of  page 
S5.  I  have  quoted  the  chapter  without  corrections,  that  it  may  be  com- 
pared with  the  more  careful  observations  which  were  made  by  the  party 
the  past  season.  Only  one  prominent  error  occurs,  and  that  is  the  state- 
ment that  the  central  portion  of  the  Tdton  Range  is  composed  of  erupted 
rocks,  whereJis  Professor  Bradley  has  shown  that  they  are  formed  mostly 
of  gueissic  strata,  penetrated  here  and  there  by  dikes. 

"Jwne  1. — On  the  west  Blope  of  the  Wind  River  Mountains  we  met  with 
a  thick  deposit  of  drift  material,  which,  as  we  descended  to  Gros  Ventres 
Fork,  soon  expanded  into  a  great  thickness  of  recent  strata,  evidently 
quite  recent  Tertiary.  The  banks  of  the  Gros  Ventres  Fork  present  high 
bluffs,  some  300  to  000  feet  high,  but  I  should  think  that  this  formation 
Iiud  been  deposited  after  the  surface  of  the  country  had  attained,  for  the 
most  part,  its  present  configuration.  The  strata  consist  of  loose  fine 
arenaceous  clays,  the  layers  containing  more  or  less  arenaceous  matter, 
which  does  not  effervesce,  and  layers  of  harder  rock,  a  fine-grained  and 
coarse  sandstone,  and  sometimes  an  aggregation  of  grains  of  quartz 
witli  ferruginous  matter  and  particles  of  mica.  The  materials  are  all 
evidently  derived  from  the  vicinity.  Some  of  the  masses  of  rock  present 
a  compact  tine  siliceous  structure  and  efiBrvesce  feebly. 

^'Jmie  4. — ^To-day  the  Tertiary  strata  begin  to  assume  a  good  deal  of 
importance.  We  have  the  brick-like  materials  which  result  from  the 
burning  out  of  the  lignite  beds.  There  were  also  masses  of  indurated 
clay,  covered  with  vegetable  remains  and  impure  lignite  beds ;  indeed, 
all  the  indications  which  the  lignite  Tertiary  beds  present  on  the  east 
side  of  the  mountains.  The  beds  are  also  much  disturbed,  inclining  at 
various  angles.  The  following  section  of  the  lignite  beds  was  taken 
here,  which  will  serve  to  show  their  resemblance  to  those  on  the  eastern 
side  of  the  mountains  : 

0.  A  yellow  fine-grained  sandstone  and  a  dark  gray  limestone,  with  a 
parting  of  clay.  The  limestone  is  quite  brittle,  breaking  into 
thin  laminae,  and  contains  impressions  of  dicotyledonousleavesand 
a  distinct  species  of  Unto,    15  feet ;  ificlination,  28^. 

8.  Light  yellow  sandy  marl.    15  feet. 

7.  Impure  lignite.    4  feet. 

0.  A  series  of  marly  clays  which,  when  saturated  with  water,  forms  a 

thick  paste,  variegated  in  color.  Near  the  summit,  just  below  the 
lignite,  is  a  thin  seam,  four  to  six  inches,  of  hard-shell  limestone, 
with  the  shells  in  the  most  comminuted  condition.  I  recognized 
UnioSj  ViriparaSj  &c.,  sufficient  to  show  that  the  deposit  is  fresh 
water.    150  feet. 

5.  Alternate  dark  gray  and  brown-yellow  gray,  fine  sandy  and  clay 
layers,  with  some  calcareous  matter  and  a  few  seams  of  incoherent 
sandstone,  sometimes  assuming  a  concretionary  character.  200 
feet. 

4.  Impure  lignite  and  clay.    8  inches. 

3.  Yellowisli-gray  clay.    4  feet. 

2.  Impure  lignite.    6  inches. 

1.  Yellowish  clay,  with  some  calcareous  matter. 

The  general  inclination  of  all  these  beds  was  about  20^. 

June  5. — We  ascended  a  high  ridge,  from  which  we  could  see  to  a 
great  distance.  Looking  to  the  dividing  crest  of  Wind  Kiver  Mountains, 
we  find  the  exposed  belt  of  gianite  to  be  not  more  than  four  or  five  miles 
in  width,  and  gradually  lost  in  the  basaltic  or  eruptive  range,  which 
also  renders  itself  conspicuous.    The  Tertiary  beds  seem  to  reach  fully 
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np  to  the  crest  on  the  west  side,  and  often  passing  what  appears  to  be 
the  jnnction  of  the  Big  Horn  Eange,  even  to  the  entire  divide  of  the 
mountains.  We  a]so  see,  high  np  on  the  flanks  of  the  mountains,  a  full 
series  of  the  more  recent  Tertiary  beds,  with  pinkish  bands,  precisely 
similar  to  those  in  the  Wind  River  Valley.  These  pass  up  into  yellow 
sandy  marls  and  sandstones.  I  have  estimated  the  entire  thickness  of 
the  Tertiary  beds  on  the  west  side  of  the  mountains  at  1,200  to  1,500 
feet.  In  the  lignite  beds  and  vicinity  \re  great  quantities  of  selenite 
and  silicified  wood.  All  over  the  highest  hills  near  the  crest  of  the 
mountains,  10,000  feet  above  the  sea,  are  the  recent  Tertiary  beds.  A 
large  portion  of  the  superficial  Teitiary  strata  incline  from  Wahsatch 
and  Gi*een  Eiver  Mountains,  showing  that  these  deposits  were  probably 
disturbed  at  the  same  time  by  the  uplift  of  these  ranges.  In  the  dis- 
tance are  the  Three  T^tons,  rugged  peaks  of  erupted  rocks,  towering 
high  above  the  rest.  These  peaks  are  sharply  pointed,  x>iercing  the 
clouds  like  needles,  and  it  is  said  that  the  trappers  have  never  been  able 
to  get  near  them.  So  far  as  we  have  yet  seen^  at  least  fifty  miles  of  the 
dividing  crest  of  the  mountains  are  covered  with  Tertiary  rocks. 

**  June  7. — We  passed  up  a  ravine  to-day,  which  runs  north  and  south, 
and  is  close  to  the  divide  which  overlooks  Snake  River.  The  lignite 
strata  incline  nearly  northeast  at  an  angle  of  40^,  and  as  we  ascend, 
many  of  the  lower  members  of  the  lignite  strata  are  exposed.  We  also 
see  quite  large  areas  covered  with  eruptive  rocks,  and  also  a  sort  of 
basaltic  conglomerate  composed  of  large  angular  masses  of  rock  cemented 
with  the  melted  material.  Mr.  Bridger  informed  me  that  these  same 
formations  continue  all  along  the  Wahsatch  Mountains  to  Bear  Spring 
and  Henry's  Fork,  and  down  Snake  Eiver  nearly  to  Blackfoot  Creek.  It 
also  covers  the  valley  of  the  Yellowstone  to  points  below  the  lake. 
There  is  simply  a  baud  of  granite  along  the  divide  in  the  form  of  a 
narrow  belt* 

"  Descending  the  Gros  Ventres  to  its  junction  with  the  Snake  River,  we 
find  the  same  Tertiary  beds  prevailing  to  a  great  extent,  and  sometimes 
assuming  a  variety  of  lithological  characters,  at  one  locality  a  thickness 
of  200  feet  of  worn  i)ebbles  and  sand,  the  whole  inclining  from  20°  to 
35^.  Gradually  the  Cretaceous  rocks  appear  along  the  valley  of  the 
stream.    A  section  of  these  rocks  would  be  as  follows : 

3.  A  series  of  sandstone,  arenaceous  limestone,  and  laminated  marls. 
150  feet ;  inclination,  20o. 

2.  A  series  of  thin  indurated  beds  of  clay,  sandy  marl,  limestone  and 
sandstone,  with  six  or  eight  seams  of  impure  lignite,  which  has 
ignited  in  several  places,  giving  to  the  earth  in  contact  a  brick -red 
color.    80  feet. 

1.  Gray  ash-colored  sandy  laminated  marls,  with  layers  of  fine  sand- 
stone.   Sandy  matter  predominates.    100  feet. 

"In  the  upper  beds  were  quite  abundant  fossils,  consisting  of  a  huge 
InoceramuSj  two  species  of  Ostrea^  a  large  Pinna  four  inches  long,  a 
Cardiunij  and  many  small  shells.  The  whole  deposit  indicates  slioal 
water  in  a  shore-deposit,  and  there  are  also  fragments  of  wood.  As  we 
descend,  the  Jurassic  is  exposed  with  Ostrea  and  Belemnites  densus^  and 
there  is  an  enormous  development  of  the  red  arenaceous  beds,  making  a 
thickness  of  1,000  to  1,200  feet  or  more.  Near  the  middle  of  the  red  bed 
is  a  layer  of  gypsum  4  feet  in  thickness.  There  are  other  seams  or 
hiyers  of  gypsum,  each  with  partings  of  the  red  marl.  The  dip  is  quite 
variable,  at  one  place  29^,  at  another  15o,  and  again  7o. 

"  The  Cretaceous  beds  differ  from  those  on  the  east  side  of  the  Wind 
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liiver  Mountains,  botli  lithologically  and  palcoutologically,  but  the 
Jurassic  and  red  deposits  are,  so  tar  as  could  be  observed,  precisely 
alike  in  their  character  and  contents.  1  believe,  however,  that  ail 
these  formations  at  one  time  extended  continuously  over  the  entire 
divide  of  the  Rocky  Mountains. 

''As  we  de-scend  into  Jacksou^s  Hole,  we  find  the  Carboniferous  lime- 
stones with  their  usual  lithological  characters,  a  very  hard  brittle  yellow 
rook,  with  much  chert^'  matcfial,  inclining  12^  to  lo^.  There  is  one 
thick  cherty  layer,  15  feet  thick,  dark  bluish  color,  inclining  129.  We 
lind  these  limestones  along  the  mountains  on  botli  sides  of  Jacksou-s 
Hole,  but  the  central  portions  of  the  mountain-ridges  are  composed  of 
erui)tive  rock. 

"  Near  Snake  River,  on  the  right  bank,  is  a  rather  low  range  of  hills, 
which  presented  the  appearance  at  a  distance  of  being  composed  of 
stratilied  rocks.  On  examination  the  rocks  appear  to  be  a  bluish,  very 
hard  cherty  limestone,  appjirently  Carboniferous,  160  to  200  feet  thick, 
])assiMg  up  into  a  compact  siliceous  gray  rock  with  a  re^ldish  tinge.  In  the 
limestone  are  numerous  fossils,  mollusca,  and  corals,  but  too  much  broken 
and  obscure  to  determine.  On  the  left  side  of  Snake  River  I  saw  lime- 
stenes  charged  with  fossils,  especially  corals.  These  limestones  are 
scattered  promiscuously  along  the  Hanks  of  the  lower  hills  and  ridges, 
and  while  in  many  places  they  are  in  part  or  entirely  removed  by  the 
erosive  action  of  water,  the  evidence  is  clear  that  they  wei'e  deposited 
here  with  a  thickness  fully  equal,  and  were  possessed  of  a  similar  char- 
acter, to  those  on  the  eastern  slope  of  the  mountains.  The  valley  of 
Snake  River  is  broad,  fertile,  and  beautiful,  and  very  few  traces  of  the 
Tertiary  beds  are  seen,  and  I  am  now  inclined  to  think  that  we  can  see, 
to  a  very  great  extent,  the  configuration  of  the  main  portion  of  the 
Snake  River  Basin  as  it  was  prior  to  the  Tertiary  period ;  for  the  Tertiary 
beds,  being  of  a  loose  friable  material,  were  easily  eroded  away,  leaving 
along  the  banks  large  areas  covered  with  it. 

''  June  18. — Crossing  over  Snake  River,  we  ascend  the  pass  1,900  feet 
above  the  bed  of  Snake  Fork.  The  mountain-ridge  over  which  we 
passed  could  not  be  less  than  1,000  or  1,100  feet  higher,  so  that  these 
mountains  are  between  9,000  and  10,000  feet  above  the  sen.  The  high- 
est Teton,  was  measured  with  the  sextJint  and  made  to  be  about  10,000 
feet.  All  along  the  margins  of  the  ridges  we  see  a  plenty  Of  the  blue, 
cherty  Carboniferous  limestone ;  also,  the  siliceous  rocks  which  lie 
above,  and  a  great  many  granitic  masses,  and  also  gray  micaceous 
slates.  We  have  seen  much  of  the  Carboniferous  rock  along  our  road 
to-day ;  also  red  arenaceous  beds,  with  now  and  then  an  erupted  ridge. 
The  central  portions  of  the  mountains  are  composed  entirely  of  the 
eruptive  material. 

^'-June  10. — We  traveled  nearly  due  north  twenty  miles,  down  Pierre's 
fork  into  Pierre's  Hole,  a  beautiful  valley,  surrounded  by  mountains, 
about  fifteen  miles  wide  and  thirty  long.  On  our  right  is  the  Teton 
Range,  composed  entirely  of  eruptive  rocks,  with  a  general  inclination 
west  or  a  little  north  of  west.  It  would  seem  as  though  this  whole  val- 
ley had  been  formed  by  tbe  diainage  accumulating  in  a  fissure  of  the 
upheaval,  for  the  mountains  all  seem  to  incline  in  the  same  direction. 
Tiie  bills  are  composed  in  part  of  a  sort  of  vesicular  trachyte,  exceed- 
ingly porous,  some  of  the  cavities  being  an  inch  in  dianteter.  The 
broad,  level  i)rairie  is  composed,  to  a  large  extent,  of  well-worn  rocks, 
basalts,  obsidians,  granites,  &c. 

''  June  20. — We  continued  our  course  directly  north,  and  soon  began  to 
ascend  low  ridges,  breaking  the  level  of  the  prairie.  These  ridges  extend 
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down  from  the  moantains  od  each  side,  and  seem  to  prive  shape  to  the 
Talleys  of  the  multitude  of  little  streams.  We  have  here  and  there  an 
exi)osure  of  the  rocks,  which  are  undoubtedly  eruptive,  and  present  the 
appearance  of  stratified  deposits.  They  are  arranged  in  more  or  less  thin 
layers,  some  of  which  sound  under  the  hammer  like  clink-stone,  and  are 
quite  compact.  Sometimes  the  breakage-joints,  or  cleavnge,  are  vertical 
in  a  single  layer,  but  from  their  external  appearance  I  would  suppose 
the  bluffs  of  vertical  rocks  were  a  dark-gray  marly  limestone,  charged 
with  fossils.  There  is  also  a  good  deal  of  uniformity  in  its  composition, 
the  only  difference  being  that  some  of  it  is  more  compact  than  others. 
The  eruptive  material  in  this  valley  assumes  a  variety  of  form ;  some  of 
it  has  a  black,  opaque  crystalline  appearance,  like  obsidian ;  then  a  sort 
of  sandstone,  easily  decomposing,  or,  as  it  were,  exfoliating ;  then  a  sort 
of  lava,  or  slag;  then  a  vesicular  trachyte.  There  are  also  veins  of 
quartz,  sometimes  ribbon-like,  one- fourth  of  an  inch  wide.  The  greater  part 
of  these  rocks,  however,  would  seem  to  have  been  melted  or  heated  under 
comparatively  little  pressure.  These  rocks  predominate,  and,  indeed, 
comprise  almost  the  only  rocks  on  the  western  slope,  and  therefore  it 
may  be  called  a  basalt  country.  Many  of  these  rocks  seem  to  yield  very 
readily  to  the  decomposing  agencies  of  the  atmosphere,  and  furnish  en- 
tirely the  soil  of  the  valley,  which  is  quite  black  and  fertile,  sustaining 
a  luxuriant  growth  of  vegetation.  The  streams  that  issue  from  the 
mountains  are  very  numerous,  the  water  pure  as  crystal,  and  the  val- 
leys  clothed  with  rank  herbage;  but  the  timber,  which  fringes  the  little 
streams  here  and  there,  is  very  scarce.  There  are  also  many  beautiful 
springs  and  lakes. 

"  June  20. — We  passed  up  the  valley  of  the  Lake  Fork  and  crossed  the 
dividing  crest  of  the  mountains  to  the  Madison  Fork  of  the  Missouri. 
High  hills  of  eruptive  rock  surround  us  on  every  side,  with  now  and  then 
small  patches  of  limestone  along  their  sides,  inclining  at  various  angles. 
There  are,  also,  mica  schists,  talcose  slates,  and  quartzose  limestones  often 
underlying  the  layers  of  eruptive  material,  and  conforming  to  them  in 
inclination,  which  is  from  30*^  to  60^.  Many  of  the  ridges  are  2,000  feet 
or  more  above  as,  and  are  covered  with  snow.  The  Low  or  Kayuold's 
Pass  is  like  a  lawn — smooth  and  covered  with  grass,  with  a  large  super- 
ficial deposit  composed  of  the  rocks  in  the  vicinity.  It  is  plain  that  the 
eroding  agency  of  water  has  had  its  effect  in  smoothing  this  pass,  though 
it  has  not  formed  it.  It  is  undoubtedly  due,  to  a  great  extent,  to  a  break 
in  the  continuity  of  the  elevatory  force.  The  mountains  here  do  not 
seem  to  follow  any  fixed  lines  of  fracture,  or  in  fixed  directions,  but  to  be 
a  series  of  protrusions,  forming,  in  many  instances,  a  continuous  line 
for  a  great  distance ;  but  the  irregularity  of  the  outline  of  the  crest  is 
due,  to  a  great  extent,  to  the  irregularity  of  the  force  along  the  line  of 
continuity,  though  a  small  portion  may  be  due  to  atmosi)heric  agencies. 
The  ftK'ts  above  stated  are  true  from  the  fact  that  the  different  strata  of 
se<limentary  rocks,  which  must,  prior  to  the  upheaval  of  these  ridges, 
have  covered  the  surface,  lie  in  regular  order  of  sequence  outward  ivMii 
the  ridges.  We  have  every  variety  of  volcanic  rocks  and  metaraorphic 
conditions.  Washed  ont  of  the  Madison  canon  and  scattered  over  the 
terraces  along  that  stream  are  every  variety  of  granitoid  rocks,  mica 
slates,  hornblende,  &c.  There  is  every  variety  of  these  rocks,  depending 
upon  the  greater  or  less  predominance  of  some  constituent,  and  dissem- 
inated through  the  rock  are  seams  of  white  quartz.  None  of  the  red 
feldspathic  rocks  which  so  prevail  in  the  Black  Hills  are  seen  in  this 
region.  Along  the  rivera  is  a  series  of  terraees  which  are  covered  with 
bowlders,  slightly  worn,  exhibiting  the  rock-character  of  the  mountains 
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from  which  these  streams  take  their  rise.  As  we  descend  the  Madison 
we  find  tiiat  the  valley  seeras  to  pass  along  a  sort  of  anticlinal  axis,  and 
an  each  side  lofty,  nearly  vertical  walls  of  trachyte,  arranged  in  thick 
layers.  The  lower  portion  a])pears  to  yield  qnite  readily  to  atmospheric 
a^eueiea,  owing  to  the  ferrngiuous  matter  contained,  which  renders  it  a 
loosely  aggregated  ina«s  of  crystals  of  feldspar.  As  we  ascend  upward 
the  rocks  become  moit3  compact,  and  the  npper  layers  are  a  cellular  tra- 
chyte. In  some  places  the  upper  compact  beds  assume  a  columnar 
Rtrncture,  breaking  into  the  form  of  vertical  columns;  these  break  in 
pieces  and  cover  the  sides  of  the  hills  with  masses  of  rock.  Lower 
down  on  the  Madison  we  find  layers  of  the  red  feldspar,  which  present 
the  i)])poarance  of  stratified  beds  like  the  Azoic  rooks,  with  an  inclina- 
tion in  the  same  direction  with  the  overlying  basaltic  rocks.  There  are 
nuHierous  seams  of  white  quartz,  also  trap,  running  across  the  country 
in  every  direction,  many  of  which  indic^ate  the  presence  of  gold-bearing 
rock.  The  summits,  or  crests,  of  the  high  mountains  are  ragged,  not 
from  erosions  since  upheaval,  but  owing  to  the  manner  of  the  upheaval. 
Each  peak  assumes,  to  a  certain  extent,  the  form  of  an  independent  uplift, 
with  liiyers  of  rock  inclining  around  from  every  side;  and  yet  it  is  by  a 
series  of  these  peaks  connected  together,  more  or  less,  that  a  mountain 
range  is  formed.  .  Wherever  these  peaks  or  groups  of  peaks  are  separated 
a  short  distance,  a  low  point  is  ma^le  in  the  range,  which  gives  passage  to 
streams.  Very  many  ofthese low  passeshaveno  streams  issuingfrom  them 
at  this  time.  The  Madison  forms  a  caiion  by  cutting  through  one  of  these 
lofty  ridges  at  the  upper  portion  of  the  Burnt  Hole,  and  a  second  one  at 
the  lower  end  of  the  same  valley.  Still  below  the  feldspar  beds  and 
near  the  junction  of  the  Three  Forks  of  the  Missouri  we  have  beds  of 
exceedinffly  slaty  character,  inclining  at  angles  of  31°  and  passing  down 
into  the  granitoid  rocks  below. 

"  In  the  valleys  of  these  streams  is  a  series  of  marls  and  marly  sands 
and  conglomerates,  i)recisely  like  the  upper  beds  of  the  White  Kiver 
Tertiary.  These  marls  are  mostly  of  a  tieshcolor,  sometimes  assuming 
the  texture  of  a  quartzose  sandstone.  Its  greatest  thickness  in  this 
segion  is  about  200  feet,  and  not  conforming  to  the  Carboniferous  rocks 
beneath,  but  inclining  in  the  same  direction  about  8°. 

*'  The  Carboniferous  rocks  are  largely  developed  in  this  region,  and 
incline  at  very  large  angles  from  the  mountains.  The  lower  part  of 
these  limestones  have  been  so  affected  by  heat  that  the  stratification  has 
been  very  nearly  obliterated,  and  presents  a  very  rough  appearance. 
Above  this  is  a  bed  which  is  undoubtedly  Carboniferous  limestone 
changed,  but  which  now  very  much  resembles  basalt,  but  contains  more 
arenaceous  mjitter,  and  appears  to  have  had  the  stratification  but  partially 
changed.  From  the  Three  Forks  these  limestones  extend  westward  or 
soutliwestward  about  twenty  to  twenty-five  miles,  and  then  continued 
northward  toward  the  gate  of  the  mountains  along  the  Missouri.  They 
also  extend  to  the  northwest  to  a  range  of  mountains,  in  which  is  the 
BhKtktoot  Pass  of  Lewis  and  Clarke. 

*'  Jubf  3. — Visited  the  plateau,  mentioned  by  Lewis  and  Clarke,  be- 
tween tlie  mouths  of  the  Gallatin  and  Madison.  It  is  a  long  fiat  ridge 
of  limestone,  rei)resenting  the  portion  of  the  inclined  rocks  which  form 
the  left  side  of  the  canon  below. 

**  The  rocks  on  that  side  incline  24°,  continuing  far  on  the  distant  hills. 
The  base  of  this  small  ridge  is  a  bluish  cherty  limestone,  sometimes  yel- 
lowish, very  compact  or  hard,  breaking  into  fragments  just  like  the 
Carboniferous  limestones  before  seen.  J)ii),  33°.  This  bed  corresponds 
with  a  portion  ot  the  right  side  of  the  canon  next  to  the  water.   There  iire 
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traces  of  abandant  fossils,  as  broken  crinoidal  remains  and  other  moUus- 
ca.  It  weathers  so  as  to  expose  upon  its  sides  small  flinty  masses  of  chert. 
This  bed  passes  ap  into  a  light-gray  limestone  with  drusy  ca\ities,  and 
breaking  into  irregular  fragments  in  the  direction  of  stratification,  a 
form  of  fracture  common  to  the  Carboniferous  rocks.  The  dip  of  this 
bed  is  310.  Obscure  traces  of  fossils  are  seen.  These  layers  continue 
on  up,  divided  by  thin  partings ;  others  are  solid,  from  0  to  20  feet  in 
thickness.  Then  comes  a  bed  without  distinct  lines  of  stratification, 
often  assuming  the  form  of  a  sort  of  conglomerate,  with  masses  of  lime- 
stone on  all  sides,  cemented  together  with  sulphate  of  lime;  dip,  2(P. 
There  is  then  a  return  to  the  former  condition  of  a  yellow  limestone. 
It  is  full  of  dogtooth  spar  and  seams  of  crystalline  matter.  I  should 
estimate  the  limestone  to  be  about  500  feet  in  thickness. 

<^On  the  right  side  of  the  Gallatin,  and  dipping  eastward  from  the 
canon  at  an  angle  of  8^,  is  a  bed  of  yellow-gray  sandstone  and  marl. 
It  does  notquite  conform  to  the  Carboniferons  limestone,  though  dipping 
in  the  same  direction.  The  Gallatin  Fork,  from  its  mouth  to  the  point 
where  it  issues  from  the  mountains,  is  about  fifty  miles,  flowing  through 
a  beautiful  valley  well  fringed  with  cottonwood  trees,  mostly  bitter  Cot- 
tonwood. The  upper  portion  of  this  valley  has  been  most  beautifully 
smoothed  by  the  erosive  action  of  water,  leaving  a  space  between  the 
base  of  the  mountain-ridges  and  the  upturned  edges  of  the  sedimentary 
rocks  of  twenty  or  thirty  miles  which  is  smooth  like  a  lawn.  The  Car- 
boniferous rocks  present  a  series  of  monoclinals  of  the  most  interest- 
ing character.  Underneath  them  is  a  series  of  rocks,  which  seem  to 
represent  the  Potsdam  sandstone.  It  is  the  most  variable  series  which 
I  have  yet  seen.  In  order  of  descent  we  have  a  reddish,  rust-colored 
rock,  mostly  fine  grained,  compai^.t,  quartzose,  siliceous,  almost  the 
ap|)eanince  of  a  uietamorphic  rock.  It  is  sometimes  made  up  of  an 
aggregation  of  grains  of  quartz.  Beneath  is  a  series  of  thin  strata  of 
dark  steel-gray  micnceous  sandstone,  sometimes  becoming  a  fine  aggre- 
gation of  water-worn  pebbles  and  dark-brown  clay-slate,  gradually 
passing  down  into  what  appears  to  be  a  true  eruptive  rock,  with  verti- 
cal seams  of  white  quartz  running  through  it.  I  am  inclined  to  think 
that  the  eruptive  rocks  have  been  thrust  in  between  the  partings  of 
rock,  so  that  we  have  a  bed  of  eruptive  rock,  and  then  a  layer  of  the 
sandstone,  and  so  on  alternating. 

"  From  the  Gallatin  we  passed  up  one  of  the  little  forks  emptying 
into  that  river,  over  Carbouiterous  rocks,  on  to  the  source  of  Smith's  or 
Eame's  River,  which  empties  into  the  Missouri  below  the  gate  of  the 
mountains.  Beaching  the  vicinity  of  the  mountains,  we  find  that  the 
basaltic  or  eruptive  rocks  pnn'ail  to  a  very  large  extent  over  all  others. 
On  a  little  branch  flowing  into  Smith's  River  near  its  source,  we  find  a 
dark  ste^l-brown  bed,  50  i'eet  in  thickness,  a  fine  conglomerate  at  base, 
but  gradually  growing  coarse  until  toward  the  summit  it  is  composed  of 
large  angular  blocks  of  mixed  gray  basalt,  aggregated  with  a  reddish 
material.  The  beds  dip  northeast  45^.  The  imbedded  masses  are  more 
or  less  water-worn.  This  bed  seems  to  continue  a  long  distance,  and  is 
sometimes  vertical ;  sometimes  the  pebbles  are  as  much  worn  as  those  of 
the  little  streams ;  and  it  seems  to  me  that  they  have  been  changed  since 
deposition,  for  they  now  partake  much  of  the  color  and  character  of  the 
matrix,  except  that  they  are  much  harder.  The  basaltic  rocks  along 
our  route  are  developed  to  an  enormous  extent,  and  i)resent  every  variety 
of  texture,  that  which  yields  readily  to  atmospheric  agencies  predom- 
inating. 

**  July  0. — ^Passing  along  the  Smith's  River,  I  saw  this  series  of  curious, 
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somber,  apparently  bat^oltic  rocks,  which,  except  for  their  structnre  and 
color,  I  would  regard  as  Cretiiceous  or  Tertiary.  The  whole  series  is 
nrninged  in  beds  of  marl,  with  more  or  less  compact  layers  of  hdrder  rock, 
wliicli  project  out  the  same  as  in  those  formations.  lu  these  upper  beds 
I  found  frap:u)ent8  of  wood,  and  in  the  uppermost  beds  were  fragments  of 
leaves,  which  I  cannot  but  regard  as  of  Tertiary  age,  and  that  the  whole 
series  of  beds  have  been  greatly  affected  by  heat  so  that  the  lowest  betls 
have  l>een  entirely  chan;^.  Passing  up  the  mountain  we  found  our- 
selves in  a  synclinal  basin,  with  the  strata  dipping  at  a  low  angle,  those 
at  the  southeast  at  an  angle  varying  from  30°  to  C0<^,  apparently  com- 
prising the  different  formations  from  Tertiary  to  Carboniferous.  The 
rocks  do  not  show  so  many  signs  of  heiit  as  here|x)fore.  Our  course  has 
been  directly  north,  and  mostly  through  Carboniferous  rocks,  dipping 
about  southeast  at  an  angle  of  2(P.  There  are,  in  the  caOon  that  we  passeil 
through,  at  least  1,000  feet  of  limestone  exposed,  and  as  we  leave  the 
canon  northward  we  find  200  to  300  feet  of  red  marly  limestones,  much 
like  the  red  deposits  we  have  before  met  with,  only  harder.  These  rocks 
are  peculiar,  differing  from  any  before  seen.  They  pass  from  a  red  loose 
slate  dow]i  into  a  compact  clay-slate,  gradually  varying  from  a  deep  red 
to  black  thin  slates,  becoming  more  and  more  compact  as  we  descend, 
until  they  appear  to  be  a  melteil  rock,  and  the  joints  are  so  close  that 
they  separate  tbe  whole  mass  into  small  fragments.  The  rock  does  not 
effervesc^e  at  all  with  sulphuric  acid,  but  is  of  a  very  com{>act  texture. 
In  regard  to  the  age  of  these  beds  I  can  form  no  exact  idea,  no  fossils 
having  been  detected,  though  frequent  sun-cracks  are  seen  upon  the 
surface  of  the  slates." 

The  following  paragraph,  describing  one  of  the  four  passes  near 
Henry's  Lake,  is  taken  fi'om  the  report  of  Colonel  W.  F.  llaynolds  of 
his  explorations  in  1860,  page  98: 

''  The  ])ass  is  only  four  miles  from,  and  200  feet  above,  the  lake,  and 
so  level  that  it  is  difficult  to  locate  the  exact  point  at  which  the  watera 
divide.  It  is  about  a  mile  in  width,  with  the  sides  sloping  gently  to  the 
center.  The  barometer  stood  at  23.G5  inches,  indicating  a  height  of 
0,350  feet  above  the  sea-level,  or  1,500  feet  lower  than  the  summit  of  the 
South  Pass.  The  approaches  upon  either  side  are  remarkable,  being  of 
about  a  uniform  ascent  of  50  feet  to  the  mile,  and  thus  affording  un- 
equaled  facilities  for  either  wagon-road  or  railroad  purposes.  I  named 
it  Low  I^ass,  and  deem  it  to  l^  one  of  the  most  remarkable  and 
important  features  of  the  topography  of  the  llocky  Mountains." 

This  beautiful  pass  has  been  so  carefully  described  by  Colonel  Rey- 
nolds that  I  gladly  record  its  name  on  an  official  map  asEeynolds's  Pass; 
the  name  Low  Pass,  given  it  by  Colonel  lieynoids,  not  being  sufficiently 
distinctive  for  a  geographical  name. 


CHAPTER  11. 

GALLxVTIN  VALLEY— YELLOWSTONE  VALLEY. 

In  my  annual  report  for  1871  I  gjive  a  brief  description  of  the  Gallatin 
Valley  ;  but  inasmuch  as  one  division  of  the  survey  took  Fort  Ellis  as 
its  initial  point  again  in  1S72,  I  shall  lender  the  present  account  more 
clear  by  presenting  a  rhume  of  the  geology  of  the  valley. 

In  beauty  and  fertility  the  valley  of  the  Gallatin  suri)asses  all  others 
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in  Montana  which  have  come  within  the  limit  of  our  explorations.  The 
town  of  Bozeman  is  located  near  the  upper  or  south  end,  and  Fort  Ellis 
lies  about  three  miles  to  the  southeast,  under  the  shadow  of  the  mount- 
ainranges  that  form  the  water-shed  between  the  Missouri  and  the 
Yellowstone.  On  the  east  side  of  the  valley  is  the  Gallatin  Eange  of 
mountains,  which  gives  origin  to  numerous  branches  of  the  Gallatin 
Biver  on  the  west  side,  and  man^'  branches  of  Shield's  River  on  the  east 
side.  On  the  north  side  of  the  valley  is  a  series-of  broken  ranges,  which 
give  origin  to  numbers  of  branches  of  the  East  and  West  Gallatin  Rivers. 
A  ridge  or  low  divide  extends  down  between  the  Gallatin  and  Madison 
Valleys,  and  entirely  disappears  before  reaching  the  junction  of  the 
Three  Forks.  This  valley  is  about  forty  miles  in  length  from  north  to 
south,  and  five  to  fifteen  miles  in  width.  This  valley  may  be  regarded 
as  typical  of  the  general  character  of  the  surface  of  Montana,  as  well  as 
parts  of  the  adjacent  Territory  which  were  exam  ined  by  the  survey.  Two 
general  divisions  might  be  made  of  the  entire  surface,  mountain  and  val- 
ley. The  valleys  and  the  portions  which  are  open  to  settlement  are,  at 
the  present  time,  occupied  to  a  greater  or  less  extent  by  thriving  farmers, 
with  here  and  there  prosperous  villages.  They  are  for  the  most  part  old 
lake-basins,  geologically  of  comparatively  modern  date.  Along  nearly 
all  the  more  important  livers,  from  their  sources  to  their  entrane>e  upon 
the  plains,  there  is  a  chain  of  these  valleys,  varying  in  length  from  a  mile 
to  fifty  or  sixty  miles,  and  connected  by  a  cleft  or  gorge  in  the  mountains, 
through  which  the  river  has  worn  its  way.  In  all  these  valleys  there  is 
a  greater  or  less  thickness  of  deposits,  very  similar  in  cbaractt^r,  of  a 
light-gray  or  cream  color,  and  composed  mostly  of  clay,  lime,  and  silica 
in  various  proportions.  Very  few  fossils  have  been  found  in  these  de- 
posits about  the  sources  of  the  great  rivers,  but  it  is  most  probable  that 
the  deposits  are  of  the  same  age  in  Western  Idaho,  Oregon,  and  Califor- 
nia which  have  yielded  large  quantities  of  vertebrate  remains.  In  the 
summer  of  1871 1  discovered  in  these  lake  beds  species  of  AnchitJienum 
in  the  head  of  the  Jefferson  Fork,  and  with  it  were  associated  fresh-water 
and  land  shells.  But  these  beds  yield  the  most  beautiful  forms  of  silici- 
fied  wood  that  are  fo^nd  in  any  part  of  the  continent.  It  is  sometimes 
called  opalized  wood,  and  it  was  doubtless  lornied  in  connection  with  hot 
springs.  It  is  most  probable  that  during  the  Pliocene  period  hot  springs 
prevailed  to  a  greater  or  less  extent  all  over  the  western  portion  of  our 
continent,  and  their  action  may  serve  to  account  for  many  problems 
which  now  seem  obscure.  This  deposit  varies  from  a  few  feet  in  thick- 
ness to  1,000  or  1,500  feet,  and  is  usually  nearly  horizontal,  resting 
uncouformably  upon  the  older  rocks.  !Not  infrequently  these  beds  incline 
5^,  indicating  slight  changes  in  the  general  level  of  the  surface  since 
their  deposition. 

Then  we  have  a  vast  thickness  of  what  may  be  called  coal-strata  in 
the  West,  the  age  of  which  seems  obscure.  They  contain  the  great  and 
valuable  deposits  of  coal  in  the  West,  and  are  thus  of  the  utmost  im- 
portance in  an  economical  point  of  view.  This  group  varies  in  thickness 
from  1,000  to  5,000  feet,  and  in  some  parts  of  the  country  may  reach  the 
thickness  of  10,000  feet.  The  evidence  at  the  present  time  points  to  the 
conclusion  that  the  lower  portions  of  this  group  are  Cretaceous,  passing 
up  by  gradual  transition  into  the  Tertiary,  and  that  the  greater  portion 
may  be  regarded  as  of  the  age  of  the  later  period.  Then  follow  in  de- 
scending order  the  Cretaceous,  Jurassic,  Carboniferous,  and  a  vast  thick- 
ness of  Subcarboniferous  strata,  most  probably  of  Silurian  age.  The 
Silurian  beds  usually  repose  uncouformably  on  metamorphic  strata,  com- 
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posed  of  gneissic  or  granitoid  rocks  of  every  possible  texture.    These 
constitute  the  nucleus  of  nearly  all  the  principal  mountain-ranges. 

From  the  above  brief  outline  it  will  be  seen  that  two  divisions  of  the 
geological  scale,  Triassic  and  Devonian,  are  not  represented  in  Montana, 
so  far  as  we  have  the  evidence  up  to  the  present  time.  We  may  state, 
however,  in  this  connection,  that  we  do  not  deny  the  existence  of  these 
formations  in  this  portion  of  the  West,  only  that  the  rocks  have  yielded 
us  no  sucli  information  as  yet.  When  we  reflect  that,  in  countries  where 
the  geological  formations  have  been  studied  for  nearly  a  century  by  the 
ablest  minds  under  the  most  favorable  circumstances,  they  are  yielding 
up  new  and  startling  facts  every  year,  we  cannot  hope  in  a  preliminary 
survey  of  so  vast  an  area  to  exhaust  the  discoveries. 

Ill  the  great  area  which  comprises  what  we  term  the  Bocky  Mountain 
region,  the  groups  of  strata  mentioned  above  appear  and  disapi)ear 
in  a  strange  manner  at  times,  thus  rendering  their  study  more  difficult 
and  laborious  than  one  might  suppose  at  first  sight. 

Sometimes  the  Carboniferous  limestones,  with  their  characteristic 
fossils,  appear  to  rest  on  the  gneissic  beds  below ;  then  again  there  will 
be  1,500  to  2,000  feet  of  Silurian  strata  intervening.  At  one  locality  a 
certain  grouj)  of  metamorphic  beds  will  occur,  and  at  another,  a  series 
quite  distinct  in  texture.  In  one  locality  the  red  beds  will  be  well  de- 
veloped, reminding  one  of  the  possible  existence  of  the  Triassic ;  in 
another  locality',  not  far  distant,  no  trace  of  these  can  be  found.  The 
same  may  be  said  of  all  the  groups  of  strata.  One  peculiarity  of  the 
coal-strata  consists  in  their  dark  somber  color,  which  I  have  observed 
nowhere  else  except  in  this  region. 

In  order  that  all  the  details  of  the  local  geology  may  be  more  clearly 
set  forth,  I  have  continued  the  same  plan  in  this  report  which  was 
adopted  in  the  previous  ones,  of  describing  the  geological  features  of 
the  country  sis  observed  along^the  routes  traveled. 

The  party  under  my  direction  left  Fort  Ellis  for  the  Yellowstone 
Valley  July  20.  Much  scientific  work  had  been  done  previous  to  that  time, 
but  during  the  present  season  the  deep  snows  on  the  mountain-ranges 
would  have  prevented  successful  exploration  in  Mt)ntana  before  the  10th 
of  July.  The  previous  winter  had  been  one  of  the  severest  ever  known 
in  the  Territory,  and  the  snow  remained  until  late  in  the  summer.  Dur- 
ing the  melting  of  these  winter-snows  the  streams  are  so  high  that 
traveling  becomes  very  difficult.  The  season  of  exploration  is  compara- 
tively short 

Our  entire  outfit  having  been  completed  at  Bozeman  and  Fort  Ellis, 
we  passed  up  the  grassy  valley  of  Spring  Creek,  by  way  of  Bozeman , 
Pass,  to  the  summit  of  the  divide.  Just  opposite  Fort  Ellis,  on  the  e^st 
side  of  the  creek,  is  a  ridge  of  gray  and  grayish-white  marly  sands  and 
sandstones,  with  nearly  horizontal  strata  jutting  up  against  the  older 
rocks.  This  ridge  presents  a  fine  example  of  the  lake-deposits  which 
are  so  common  in  the  valleys  all  over  the  West.  It  has  evidently  e.s- 
caped  the  erosion  which  has  swept  away  the  greater  portion  of  these 
deposits,  and  this  ridge  may  now  be  reganled  as  a  remnant — a  monu- 
ment left  to  indicate  the  approximate  thickness  of  the  original  beds. 
The  greatest  thickness  of  these  beds  in  this  valley  was  probably  about 
1,500  feet.  The  summit  of  this  ridge  is  800  feet  above  the  valfey,  and 
its  greatest  thickness  could  not  have  been  less  than  1,000  feet.  The 
evid(»nce  is  clear  that  all  these  valleys  were  once  tilled  with  water,  so 
that  only  the  summits  of  the  loftier  portions  were  exposed ;  that  prob- 
ably, during  what  geologists  term  the  Quarternary  period,  these  waters 
gradually  subsided,  sweeping  downward,  to  the  lowlands  near  the  main 


GEOLOGICAL   8UBYEY  OP  THE   TEHEIT0BIE8.  29 

Missouri  and  the  Misaissippi,  tbe  greater  portion  of  these  deposits  to 
form  the  great  Yellow  Marl  or  Loess  group.  That  tbe  origin  of  these 
deposits  dates  back  to  tbe  Pliocene  period  tit  least,  wo  believe  from  the 
evidence  given  by  the  organic  remains ;  and  there  is  other  evidenee  that 
points  to  the  conclusion  that  these  lakes  continued  np  nearly  or  qnite 
to  our  present  peiiod.  The  surface  is  usually  covered  to  a  greater  or 
less  extent  with  the  usual  drift  de|K>sit  of  the  coniitry,  and  not  unfre- 
qut^ntly  the  groups  of  rounded  bowlders  are  so  arranged  as  to  indicate 
that  no  im|M>rtaut  changes  have  taken  place  since  the  wat^'rs  subsided. 
In  the  Yellowstone  Valley,  about  two  iniies  above  Boteler's  ranch,  the 
river  has  exposed  a  section  of  tbe  Pliocene  beds,  (Fig.  1,)  which  reveals 
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about  200  feet  of  light-gray  marly  sands  and  sandstone,  passing  up  into 
about  100  feet  of  pebbly  drift,  the  whole  capped  with  a  bed  of  basalt 
that  must  have  overflowed  since  the  lakes  existed  in  full  for(«.  A 
little  distance  back  ot  the  river,  estendiug  to  tbe  base  of  the  mountains, 
there  is  evidence  in  the  superUcial  deposits  that  this  lake  continued  a 
long  time  after  tbe  overflow  of  the  igneoas  matter. 

I  shall  pass  rapidly  over  the  geology  of  tbe  region  about  the  source  of 
the  Gallatin,  referring  tbe  reader  to  tbe  escellont  report  of  Dr.  Peale, 
who  made  a  minute  exnmiuation  of  iSpriug  Canon,  Mystic  Lake,  uud  the 
district  aboul  Mount  Blackmore. 

In  geuenti  terms,  theOallutiu  Kange  is  comiwsed  of  gneissic  and  quartz- 
itic  beds  as  a  base,  with  a  great  thickness,  1,700  to  1,600  feet-,  of  Lower 
Silurian  strata  resting  unconformably  u[ion  tbem.  Above  these,  and 
apparently  conforming,  is  a  thickness  of  1,000  to  2,000  ft.'ct  of  well- 
marked  Carbonilerous  rocks,  mostly  limestones,  more  or  less  jmre; 
then  running  eastward  from  theGallatio  Valley  and  inclining  ut  various 
angles  in  the  same  general  direction  are  tbe  Jnrassic,  Cretaceous  and 
Coal  groups,  with  an  aggregate  thickness  of  10,000 lo  15,000  feet.  This 
entile  group  of  strata,  which  compose  the  Gallatin  liange  and  its  foot 
bills,  extends  nearly  to  Shields's  iiiver,  a  distance  of  twenty  miles  in  a 
stmight  line.  The  Carboniferous  limestones,  which  are  very  bard  and 
yield  less  readily  to  atmospheric  influences,  form,  with  their  upturned 
edges,  the  very  summit  of  the  Gallatin  Range,  including  Bridger'u  Peak, 
Union  Feak,&c.    Od  tbo  westsideof  tbe  Gallatin Kaugethcfoot-hillsare 
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very  abrupt,  rising  at  once  to  a  height  of  800  to  1,200  feet,  while  the 
peaks  and  the  sharp  ridges  are  2,000  to  2,500  feet  aboVfe  the  valley  below. 
On  the  east  side  the  hills,  composed  of  the  more  modem  groups,  descend 
giadually  to  the  immediate  valley  of  Shields's  River. 

We  thus  see  that  this  range  constitutes  the  east  portion  of  an  anti- 
clinal, and,  so  far  as  we  know,  a  huge  monoclinal.  We  may  hereafter 
discover  fragments  of  the  west  portion.  So  far  as  the  line  of  uplift  is 
concerned,  the  Gallatin  continued  southeastward,  crossing  the  Yellow- 
stone River,  forming  what  we  have  located  on  the  map  as  the  Lower 
Caiion.  The  mountains  about  the  sources  of  the  branches  of  the  East 
Gallatin,  and  those  between  the  Bast  and  West  Gallatin  Rivers,  are 
largely  composed  of  the  limestones  thrown  up  in  great  confusion  appa- 
rently, but  really  all  having  an  in:;lination  in  the  same  general  direction. 

In  my  report  of  last  year,  I  stated  that  there  seemed  to  be  a  true  anti- 
clinal extending  over  to  the  Yellowstone,  and  that  Trail  Creek  might  flow 
in  the  valley  between  the  two  i)ortion8,  but  the  more  careful  explorations 
of  the  past  season  have  shown  that  all  the  uplifts  belong  to  one  side  of  the 
anticlinal,  however  chaotic  the  strata  may  appear.  This  great  monoclinal 
is  very  remarkable.  It  commences  down  below  the  Three  Forks,  with  a 
trend  east  by  south,  indicating  greater  irregularity  in  form.  Sometimes 
the  beds  are  inverted,  land  the  whole  series  exposed  down  to  the  granitic, 
then  again  all  are  concealed  except  the  coal  strata.  From  Bridger  Canon 
to  Spring  Canon,  a  distance  of  four  miles,  there  is  a  complete  break  in  the 
range,  forming  several  passes,  which  are  easily  traversed  with  wagon- 
roads,  in  which  no  rocks  older  than  the  Coal  group  are  seen.  Then  in 
Spring  Canon  the  older  rocks  are  again  brought  to  the  suriace  in  full 
force. 

The  investigations  of  the  present  season  have  shown  that  what  appeared 
to  be  fraguients  of  the  western  portion  of  an  anticlinal  are  only  frag- 
ments of  the  one  great  mass  which  have  been  broken  oft'  in  tbe  uplift 
and  now  lie  scattered  around  in  the  valleys,  on  the  foot-hills  and  mount- 
ain sides,  in  apparent  confusion.  As  I  have  before  remarked,  the  main 
range  of  sedimentary  beds  continues  east  by  south,  forming  the  high 
divide  between  the  waters  of  the  Gallatin  on  one  side  and  those  of 
Shields's  River  and  the  Yellowstone  on  the  other,  but  crosses  the  Yellow- 
stone, forming  the  Lower  Caiion,  and  inclining  from  the  east  side  of 
tbe  great  range  of  mountains  in  which  the  Bowlder,  Rosebud,  and 
Clark's  Fork,  with  their  numerous  branches,  take  their  rise.  In  the  in- 
termediate space,  sometimes  low  down  in  the  valley  of  Trail  Creek,  and 
sometimes  on  the  mountain-sides,  are  beds  of  coal,  the  strata  above  and 
below  being  vertical  or  horizontal,  as  the  case  may  be.  This  region  has 
been  very  carefully  prospected  for  coal.  The  artificial  excavations  that 
were  made  threw  great  light  on  the  position  of  those  fragments,  which 
seem  to  have  been  broken  off  and  fallen  down  in  the  general  uplift.  At 
the  present  time  it  is  only  by  most  carefully  following  the  channels  of 
the  streams  as  they  cut  down  into  the  sides  of  the  mountains,  or  by 
studying  the  artificial  excavations,  that  we  can  gain  any  of  the  details 
of  structure.  With  the  exception  of  the  main  ridges  of  upheaval,  the 
strata  are  mostly  concealed  by  modern  superficial  deposits,  which  are 
covered  with  a  thick  growth  of  grass.  Occasionally,  also,  these  frag- 
ments crop  out  from  beneath  the  mountains  of  trachyte,  and  volcanic 
breccia,  which  are  so  remarkable  in  this  region.  As  previously  stated, 
the  liaiestone  seems  to  have  yielded  less  readily  to  atmospheric  agencies, 
and  consequently  projects  high  up  above  the  surrounding  hills,  and 
forms  the  leading  topographical  feature.  In  tracing  it  across  the  coun- 
try, we  may  calf  it  a  limestone  ridge,  as  it  loses  the  name  of  Gallatin 
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Bange  east  of  the  soarce  of  the  Gullatin  Elver,  although  the  ridge  con- 
tinnes  on  eastward,  or  south  by  east,  to  an  unknown  distance. 

The  Carboniferous  limestones  are  always  well  defined,  not  only  by 
their  texture,  but  from  the  fact  that  tbey  always  contain  fossils  charac- 
teristic of  that  age  in  greater  or  less  quantities.  In  some  localities 
strata  of  considerable  thickness  are  made  up  of  an  aggregate  of  fossils 
in  a  fine  state  of  preservation.  The  almost  universal  distribution  of 
these  fossils  would  point  to  a  uniform  moderate  depth  for  the  waters  of 
the  Old  Carboniferous  ocean. 

The  Lower  Caiiou  is  about  three  miles  in  length,  and  the  Yellowstone 
has  cut  it«  way  through  the  ridge  at  right  angles,  so  that  as  complete  a 
section  of  the  strata  is  shown  on  either  side  as  one  could  desire.  It  was 
this  limestone  ridge  that  checked  the  waters  above  which  formed  the 
lake-basin,  extending  from  the  Lower  Canon  to  the  Second  Canon, 
a  distance  of  about  thirty  miles,  and  it  was  undoubtedly  the  slow  wearing- 
oat  of  the  channel  or  caiion  through  the  ridge  that  gradually  drained  the 
lake-basins  above.  After  leaving  the  Gallatin  Bange,  the  older  group  of 
beds,  which  we  have  called  Lower  Silurian,  ceases  to  be  as  conspicuous. 
The  limestones  of  this  group  have  a  much  older  look,  are  more  compact 
and  contain  a  greater  per  cent,  of  silica,  are  full  of  cavities  lined  with 
crystals  of  quartz,  and  weather  into  much  more  rugged  forms.  The 
lower  portions,  instead  of  being  composed  of  clays,  shales,  sandstone, 
&e.,  are  quartzites  or  quartzose  sandstones,  entirely  destitute  of  any 
traces  of  organic  forms.  They  seem  gradually  to  change  their  character 
and  thin  out  very  much  in  their  eastern  extension,  so  that  not  more  than 
100  or  200  feet  in  thickness  rest  upon  the  gneissic  rocks  in  the  Yellow- 
stone Bange  east  of  the  Lower  Caiion.  In  the  West  Gallatin  Caiion  the 
same  change  in  the  Silurian  group  is  observed. 

Above  the  caiion  the  Yellowstone  Valley  expands  out  to  an  average 
width  of  ten  miles,  and  was  undoubtedly  one  of  the  old  lake-basins 
peculiar  to  the  West.  From  any  of  the  peaks  of  the  Yellowstone  Range 
on  the  east  side,  one  may  obtain  a  complete  view  of  the  eastern  valley, 
and  the  landscape  thus  presented  to  the  eye  is  one  of  great  beauty. 
The  sides  of  the  valley  slope  like  a  dish,  so  that  the  immediate  base 
may  be  800  to  1,200  feet  above  the  bed  of  the  river.  These  slopes  are 
grassed  over,  and  to  the  eye  at  a  distance  they  appear  as  smooth  as  a 
lawn,  gradually  descending  to  the  river-bottom.  They  are,  however, 
oftentimes  very  much  cut  up  by  the  little  mountain-streams  that  wear 
deep  channels  through  them.  These  channels  afford  excellent  sections 
of  the>e  modern  deposits. 

On  the  east  side  of  the  Yellowstone  River,  commencing  near  the  Lower 
Caiion,  is  one  of  the  most  symmetrical  and  beautilul  ranges  of  mount- 
ains in  Montana.  In  order  that  I  might  obtain  a  more  definite  knowl- 
edge of  the  structure  of  this  range,  I  ascended  one  of  the  highest 
peaks  that  overlook  the  broad  i)laius  along  the  Yellowstone  to  the 
northeast.  Last  year  I  had  supposed,  from  an  examination  of  Emigrant 
Peak  and  its  vicinity,  that  these  mountains  were  mostly  of  igneous  ori* 
gin,  but  found,  on  a  more  careful  examination  of  the  northern  por- 
tion, that  the  rocks  are  principally  granitic  and  of  the  kind  characteristic 
of  the  mountain-ranges  generally.  Our  camp  was  located  on  the  river- 
bottom  about  three  miles  above  the  Lower  Caiion,  and  the  peak  which 
we  ascended  is  situated  a  little  south  of  east  of  the  caiion.  For  a  dis- 
tance of  four  miles  we  ascended  the  grassy  slope,  covered  here  and  there 
very  tbickly  with  rounded  bowlders,  which  greatly  impeded  traveling 
scatteretl  here  and  there  are  isolated  hills  of  limestone,  remnants  left 
after  the  erosion  of  the  valley.    The  sides  of  these  mountains  are  every- 
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wberc  almost  vertical,  and  difficult  of  ascent,  so  that  we  were  obliged  to 
follow  up  the  rocky  bed  of  a  stream  tor  a  long  distance.  Hugh  masses  of 
giieissic  granite  blocked  our  way  at  every  step.  In  some  of  the  caiions  a 
few  bowlders  of  igneous  origin  were  observed.  The  study  of  the  different 
kinds  of  rocks  along  i  he  course  of  any  of  these  mountain-streams  usually 
gives  one  a  pretty  clear  idea  of  the  structureof  the  mountain  in  which  they 
have  their  origin.  The  first  ridge,  which  is  about  3,000  feet  above  the  riv- 
er bottom,  is  composed  mostly  of  the  metamorphic  quartzites.  The  second 
ridge,  which  is  about  500  feet  higher,  is  composed  largely  of  mica- 
schists  iun\  granitoid  gneips.  The  limit  of  the  vegetation  is  about  9,000 
feet,  where  the  small  scraggy  spruces  lie  prostrate,  and  are  not  more  than 
four  I'et't  in  length.  Above  these  no  more  tree- vegetation  is  seen.  Fix)m 
the  suuiinit  of  this  peak,  a  broad  area  is  compassed  in  the  field  of  vision. 
Far  east  and  southeast,  along  the  head-waters  of  the  Stillwater,  Big 
Rosebud,  and  Rock  Creek,  the  gneissic  rocks  extend,  with  their  sharp 
ridgelike  peaks  standing  up  like  pinnacles  among  the  perpetual  snows. 
For^lifty  miles  in  every  direction  there  is  a  chaos  of  mountain-peaks, 
varying  in  form  according  to  the  rock- materials  of  which  they  are  com- 
posed. For  grand  rugg^  scenery  I  know  of  no  portion  of  the  West 
that  surpasses  this  range.  The  little  streams  have  cut  innumerable 
gorges  deep  down  through  the  very  heart  of  the  mountains,  2,500  to 
3,000  feet  in  depth,  and  the  exceedingly  close  texture  of  the  granites 
and  quartzites,  of  which  the  rocks  are  mostly  com|)osed,  has  prevented 
the  atmosjiheric  forces  from  wearing  off"  the  angularities,  so  that  they 
api)ear  as  sharp  and  angular  as  if  but  recently  brought  to  thesurface.  The 
examples  of  ribbed  or  banded  gneiss  are  quite  remaikable  for  their  perfec- 
tion and  regularity.  The  junction  of  the  unchanged  beds  with  the 
metamorphic  is  remarkably  well  shown  in  the  gorges  on  the  north  side 
of  the  range.  The  general  inclination  of  the  limestone  is  about  30^  to 
50^  northwest.  From  this  high  pouit  the  ridge  of  limestone,  with  1,200 
to  1,500  feet  of  outcropping  strata,  n)ay  be  most  clearly  seen  for  a  dis- 
tance of  twenty  or  thirty  miles  east  and  west,  forming  a  remarkable 
natural  section.  Extending  far  to  the  eastward  and  oi)ening  out  into 
the  plaiiKs,  are  the  gradually  descending  ridges  of  the  Jurassic,  Creta- 
ceous, and  Tertiary  beds,  presenting  an  irregular  rugged  surface  depend- 
ing upon  the  nature  of  the  rock-materials  of  which  they  are  composed. 
The  Yellowstone  River  really  emerges  into  the  plains  below  the  junction 
of  Shields's  River,  and  thence  to  the  junction  of  the  Yellowstone  with  the 
Missouri  the  Cretaceous  and  Tertiary  formations  prevail.  On  either  side 
of  the  Yellowstone,  at  a  distance,  may  be  seen  isolated  small  ranges  of 
mountains  until  we  pass  below  the  mouth  of  Tongue  River. 

It  is  most  interesting  as  well  as  instructive  to  explore  with  care 
among  the  deep  gorges  which  the  watery  agents  have  worn  down  through 
these  lofty  mountain-ranges.  The  amount  of  debris  or  broken  rocks 
which  one  encounters  excites  surprise.  Water  and  frost  are  ever  at 
work,  and  have  been  buv^y  for  ages  in  breaking  down  the  sides  of  the 
gorge  and  extending  it  farther  Iwck  in  the  range.  We  discover  here  the 
sources  of  the  myriads  of  i)erpetual  streams,  which  we  find  in  the  low- 
lands, and  which  we  see  meandering  through  the  plains  like  the  veins  in 
the  human  body.  Each  one  of  these  little  streams,  toward  its  source*, 
branches  out  into  numbers  of  small  tributaries  like  the  cai)illary  vessels, 
and  each  one  of  these  little  capillary  streams  has  eatew  out  its  deep 
gorge  or  eaiion,  which  adds  to  the  ruggedness  of  the  mountain-scenery. 
There  is  in  this  Yellowstone  Rau-^e  an  inilimited  held  for  the  artist; 
photographic  views  of  the  most  startling  kind  could  be  obtained  with- 
out number.     I  am  convinced  that  this  range  of  mountains,  and  the 
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valley  at  ito  base,  will  at  no  distant  period  be  visited  by  multitudes  of 
tounsts,  and  afford  many  a  subject  lor  correspondence  for  the  secular 
press. 

Glancing  at  the  map,  it  will  be  seen  that  numerous  little  streams  flow 
down  from  the  base  of  the  mountains  and  empty  their  waters  into  the 
Yellowstone.  Each  one  of  these  streams  in  the  mountains  spreads  out 
into  a  great  number  of  branches  Ave  to  twenty  miles  in  length.  It  is 
to  these  little  streams  that  we  are  indebted  for  the  inner  history  of  these 
grand  mountains.  We  may  say  in  general  terms  that  the  nucleus  of 
the  Yellowstone  Eange  is  composed  of  granitic  rocks,  and  that  the 
greater  portion  is  made  up  of  these,  while  far  to  the  south  and 
sontlieast  the  summits  are  covered  to  a  greater  or  less  extent  with  vol- 
canic rocks.  The  greater  portion  of  Emigrant  Peak  is  made  up  of  vol- 
canic material.  There  is  no  doubt  that  at  some  prior  period  the  volcanic 
rocks  and  breccia  or  conglomerate  extended  over  a  much  larger  area 
and  with  a  greater  thickness  than  at  the  present  time.  Many  of  the 
high,  bald,  ronnded  granite  mountains  bear  all  over  them  the  marks' of 
terrific  erosion. 

In  the  report  for  1871,1  described  somewhat  briefly  the  interest- 
ing lake-basin  which  now  forms  the  valley  of  the  Yellowstone  be- 
tween the  First  and  Second  Gaiions.  At  the  risk  of  some  repeti- 
tion, I  may  be  permitted  to  take  this  as  the  type  of  these  hike-basins, 
and  describe  it  somewhat  in  detail,  although  each  one  has  some  features 
not  common  to  the  rest.  It  seems  to  mo,  however,  that  they  must  all 
have  one  common  origin,  whatever  that  may  be.  Many  of  the  basins 
have  been  formed  by  erosion,  but  not  altogether  so.  Although  the  lake- 
basin  which  we  are  now  describing  is  largely  due  to  the  action  of  the 
erosive  forces,  yet  I  am  of  the  opinion  that  its  outline  was  marked  out  in 
the  process  of  upheaval.  On  the  east  side  is  the  remarkable  nmge  of 
mountains  which  I  have  called  the  Yellowstone,  constituting  the  nucleus 
or  central  portion  of  a  distinct  anticlinal ;  while  on  the  opposite  or  west 
side  there  is  a  chaotic  mass  of  volcanic  peaks  and  ridges,  which  have  no 
necessary  connection  with  the  Yellowstone  Kange.  At  the  lower  end 
of  the  valley,  however,  are  a  number  of  isolated  hills  of  limestone,  with 
strata  inclining  in  the  same  direction  with  the  main  ridge,  which  Jbrms 
the  canon  below,  and  these  can  easily  be  traced  across  the  valley  as 
remnants  of  what  were  once  high  ridges  extending  directly  across. 
Other  remnants  may  be  observed  farther  up  the  valley,  which  seem  to 
convey  a  pretty  clear  conception  of  the  iinniensity  of  the  eiosive  action 
in  the  past.  In  noticing  this  lake-basin  as  typical  of  a  series  or  system 
of  lakes  in  the  West,  I  do  not  reler  to  those  great  lake-basins  of  the 
earlier  Tertiaiy  period,  in  which  were  entombed  such  vast  numbers  of 
animal  remains  in  Wyoming,  I^ebraska,  &c.  Those  which  I  am  now 
describing  belong  to  a  type  of  more  modern  date,  which  probably  com- 
menced in  the  Pliocene  period,  and  extei)ded  up  very  nearly  to  our  pres- 
ent era. 

We  shall  not  go  back  beyond  the  time  of  the  existence  of  this 
lake-basin  and  endeavor  to  indicate  the  condition  of  the  surface  or 
the  climate  at  that  time,  but  simply  remark  that  we  believe  that  all 
these  valleys  were  the  reservoirs  for  the  accumulated  waters  from  the 
drainage  of  the  mountains  in  the  vicinity.  When  they  were  full,  so  as 
to  overfow  the  barriers  which  were  raised  in  the  uplifting  of  the  mount- 
ain-ranges, the  waters,  following  the  law  of  gravitation,  gradually  wore 
a  channel  through  these  barriers,  as,  for  example,  at  the  Lower  Canon, 
where  they  have  cjirved  out  a  channel  800  to  1,000  feet  deep,  directly 
through  the  massive  limestone,  at  right  angles  to  the  direction  of  uplift. 

3  G  s 
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The  process  of  wearing  out  this  channel  for  three  miles  in  length 
through  such  a  thickness  of  hard  limestone  mast  have  required  ages, 
sufficient  for  the  waters  of  the  lake  to  have  deposited  1,000  to  1,500  feet 
of  sediment,  and,  as  the  channel  was  cut  down  and  the  basin  drained, 
a  portion  of  tlie  sediment  would  be  swept  down  the  river.  We  have 
now  the  evidence  that  the  waters  of  the  lake  must  have  reached  high 
up  on  the  sides  of  the  mountains,  entering  far  up  the  open  side-valleys, 
in  some  cases  nearly  up  to  the  divide  or  water-shed.  The  line  of  demar- 
cation between  the  modern  deposits  as  they  jut  up  against  the  mount- 
ilia  sid?s,  and  the  natural  dSb^ris  of  the  mountains  themselves,  is  quite 
distinct,  and  is  even  shown  by  the  vegetation.  When  we  reflect  that 
the  productiveness,  as  well  as  the  possible  settlement  of  these  mountain- 
regions,  is  due  to  the  former  existence  of  these  lakes,  we  shall  at  once 
understand  their  importance,  and  their  history  will  become  invested 
with  a  greater  interest.  It  is  only  in  these  valleys  that  farming-lands 
can  be  found.  The  sediments  which  were  accumulated  in  the  bottoms 
of  the  lakes  were  derived  from  the  destruction  of  a  great  variety  of 
rocks,  so  that  the  mixture  is  most  remarkable  for  its  fertility.  The 
metamorphic  and  igneous  rocks,  and  the  limestones  of  the  Silurian  and 
Carboniferous  epochs  have  all  contributed  to  them.  As  the  lakes  were 
drained  slowly  away,  the  bottoms  were  worn  out  and  smoothed  as  we 
see  them  now.'  Here  and  there  we  find  that  these  superficial  deposits 
have  been  stripped  off,  so  as  to  ex|K)se  remnants  of  the  old  formations 
whicli  constituted  the  original  skeleton.  Patches  of  limestone  are 
observed  here  and  there,  enough  to  indicate  something  in  regard  to  the 
former  history  of  this  surface,  or  skeleton,  as  it  might  be  called. 

Although  this  valley  was  originally  largely  due  to  erosion  no  doubt, 
yet  it  was  not  altogether  so.  It  was  not  a  chasm  or  a  fissure  in  which 
the  waters  gained  a  foothold  for  their  operations,  as  was  the  csise  with 
many  of  the  valleys.  The  main  feature  of  the  mountain-range,  as  we 
see  it  now  on  the  east  side  of  the  Yellowstone  River,  never  crossed  to 
the  west  side,  but  formed  the  east  shore  of  the  lake.  That  the  valley 
was  greatly  enlarged  by  the  wearing  away  of  the  sides  of  the  mount- 
ains by  the  waters  of  the  lake,  there  is  little  room  to  doubt.  On  the 
west  side  of  the  valley  the  mountains  rise  up  9,000  and  10,000  feet  above 
the  sea-level,  but  are  mostly  volcanic  and  most  probably  concejil  a  vast 
thickness  of  sedimentary  beds.  The  igneous  rocks  seem  to  have  issued 
from  numerous  fissures,  and  to  have  spread  over  the  surface  to  an  enor- 
mous thickness.  But  the  rocks  which  prevail  over  all  the  rest  are  those 
wliieh  have  been  formed  out  of  fragments,  dust,  ashes,  &c.,  which  must 
have  been  thrown  out  of  the  numberless  volcanic  craters  into  the  sur- 
rounding waters,  and  been  afterward  deposited  as  sedimentary  beds. 
The  massive  basalts  or  trachytes  may  be  considered  the  exception, 
while  we  find  2,000  to  4,000  feet  in  thickness,  of  volcanic  breccia  or 
conglomerate,  reaching  to  the  very  summits  of  the  highest  mountains, 
and  j)resentlng  a  well-marked  horizontal  stratification.  Materials  of 
almost  every  variety  of  color,  with  a  peculiar  somber  hue,  are  found. 
Immense  masses  have  fallen  down  into  the  valley  from  the  mountain- 
sides, composed  of  fragments  of  trachyte  of  every  possible  texture  and 
color.  Sometimes  these  fragments  are  very  coarse,  several  feet  in  diam- 
eter, and  again  they  are  small,  like  pudding-stones.  Sometimes  they 
are  angular  as  if  they  had  not  been  j^ubject  to  erosion  in  water,  ami 
again  they  are  much  rounded.  The  cement  is  also  more  or  less  fine 
volcanic  material,  partly,  perhaps,  the  dust  and  ashes  thrown  out  of  the 
volcanic  fissures,  and  partly  the  eroded  materials  from  the  rounded 
fragments.    In  the  stratified  beds  there  is  also  a  great  variety  of  mate- 
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rials.  The  conglomerates  prevail,  but  there  will  be  found  interstratitied 
seams  or  local  beds  of  several  feet  in  thick uess,  of  a  fine  white-yellow 
or  brick>red  volcanic  dust  and  ashes,  so  that  when  these  beds  are 
eroded  the  surface  around  presents  the  appearance  of  the  ground 
about  an  old  furnace.  I  know  of  no  district  where  there  is  a  better 
opportunity  to  study  the  great  varieties  of  volcanic  action  in  past 
geological  times  than  in  the  range  of  mountains  which  separates  the 
Gallatin  Valley  from  the  Yellowstone.  On  the  west  side  of  the  valley, 
from  the  Lower Caiion  to  the  Second  GaOon,  a  distance  of  at  least  thirty 
miles,  the  indications  of  ancient  volcanic  action  are  most  remarkable 
and  varied  in  their  character.  The  erosive  forces  have  cut  deep  canons 
into  the  sides  of  these  mountains,  2,500  to  3,000  feet  through  the  con- 
glomerates, and  have  worn  the  portions  remaining  into  the  most  won- 
derful architectural  forms.  Domes,  pyramids,  pinnacles,  palaces, 
indeed  almost  any  form  which  one  could  conceive,  can  be  seen  here. 
One  gorge  was  called  the  Palace  Caiion  on  account  of  the  symmetrical 
palace-like  forms  which  cx)uld  be  seen  everywhere.  The  sides  of  these 
gorges  are  vertical  walls,  inaccessible,  except  in  a  few  localities,  to  man 
or  ^ast.  One  can  stand  in  the  bed  of  a  little  stream  and  look  up  the 
vertical  walls  on  either  side  2,500  or  3,000  feet,  ^ch  gorges  as  these, 
extending  from  five  to  twenty  miles  oftentimes,  are  very  numerous. 
Literally  hundreds  of  them  may  be  found  in  these  ranges  extending  up 
to  the  very  crest  or  water-divide,  curved  out  of  the  solid  mass  of  eon- 
glomerate  or  trachyte.  There  is  certainly  no  limit  to  the  remarkable 
scenery  which  the  artist  could  select  in  this  prolific  field. 

Cropping  out  here  and  there  in  the  bottom  of  these  deep  gorges  may  be 
seen  the  older  sedimentary  strata,  as  the  Carboniferous  limestones,  and 
even  those  of  later  date,  as  the  Jurassic,  Cretaceous,  or  Tertiary.  The 
general  dip  of  the  unchanged  strata  is  about  northeast,  and  in  the  valley 
of  Trail  Creek  the  sandstones  and  clays  of  the  Brown-Coal  period  may 
be  seen  passing  beneath  the  huge  mountains  of  volcanic  conglomerate. 
Farther  south  and  west  the  limestones  appear,  and  the  metamorphic 
rocks  are  not  seen  to  any  extent  until  we  enter  the  West  Gallatin 
Caiion.  We  are  thus  enabled  to  gain  a  pretty  clear  idea  of  the  original 
shape  of  this  valley,  that  it  was  really  marked  out  in  the  process  of 
upheaval.  I  will  remark  here  that  I  shall  attempt  to  show  hereafter 
that  the  streams,  in  coming  out  of  their  channels,  did  not  follow  any 
preformed  chasms  or  fissures,  but  quite  the  reverse.  Most  of  the  canons 
were  formed  by  the  streams  cutting  their  way  directly  through  the 
ridges,  at  right  angles  to  the  axis  of  upheaval. 

As  I  have  previously  remarked,  the  granitic  rocks  are  mostly  confined 
to  the  main  ridge  of  mountains  on  the  east  side  of  the  valley,  but  in  the 
valleys  of  the  smaller  streams  that  flow  into  the  Yellowstone  from  the 
west  side  just  below  the  Second  Caiion,  as  Ii0(!k  Creek  and  Canon  Creek, 
the  metamorphic  rocks  are  largely  exposed.  The  Second  Caiion  is  com- 
posed of  metamorphic  rocks  entirely.  Scattered  over  the  surface  of  the 
valley  below  are  many  huge  bowlders  of  granite,  which  could  not  have 
been  transported  to  their  present  position  by  any  forces  now  in  operation. 
It  is  quite  evident  that  all  the  forces,  whatever  they  may  have  been, 
operated  from  above  down  the  valley.  Upon  the  foot-hills,  and  in  one 
instance  on  the  top  of  the  basaltic  floor,  several  hundred  feet  above  the 
present  bed  of  the  river,  are  huge  rounded  bowlders,  25  to  50  feet  in 
diameter,  which  must  have  been  transported  either  from  the  canons  of 
those  little  streams  above  mentioned  or  from  the  Second  Canon,  a  dis- 
tance of  ten  to  fifteen  miles.  I  know  of  no  power  except  the  combined 
action  of  water  and  ice  that  could  have  brought  about  these  results.    A 
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very  large  portion  of  the  foothills  aud  terraces,  as  well  as  the  immediate 
bottom  of  the  river,  is  literally  paved  with  rouuded  bowlders,  so  much 
so  as  to  louder  almost  worthless,  except  for  graziug,  much  laud  which 
would  otherwise  be  excellent  for  farmiug.  Along  the  bottoms  also  arc 
old  river-bods  50  to  100  feet  above  the  present  bed.  These  old  channels 
are  eovei-ed  thickly  with  the  rounded  bowlder^,  and  walls  of  them  are 
piled  up  on  either  side.  These  are  results  of  very  modern  date.  They 
must  repivseut  the  latest  period  of  the  draining  of  the  lake-basins.  We 
iK'Iieve  that  the  temperature  was  much  lower  than  at  present;  that  the 
sun\>uuding  mountains  that  form  the  drainage  into  these  lakes  were 
covereil  with  vast  masses  of  snow  and  ice  which,  at  certain  seasons  of 
the  year,  became  detached  and  floated  down  in  the  form  of  huge  icebergs. 
All  these  forces  may  have  been  in  action  from  the  sources  of  the  Yellwv- 
stone  and  Missouri  down  to  the  plains  below,  and  thus  the  huge  icebergs, 
loaded  with  immense  quantities  of  bowlders,  floated  over  the  valleys, 
dn^pping  their  contents  here  and  there,  as  we  tind  them  at  the  present 
time.  Mi>st  of  the  l)owlders  in  this  vallej'  could  have  been  moved  along 
by  the  action  of  swift  torrents  of  water  alone,  but  not  even  the  strongest 
mountain-torreut  of  which  we  have  any  knowledge  now  could  have 
nutved  gix'at  numbers  of  the  huge  granitic  rocks  which  we  find  high  up 
on  the  fiK>t-hills  or  ternices,  at  least  ten  or  fifteen  miles  from  their  original 
position.  No  forces  now  in  openition,  even  if  we  were  to  suppose  that  the 
melting  of  the  spring-snows  would  raise  the  river  so  as  to  overflow  all 
the  lowlands,  could  have  transported  these  bowlders.  As  it  is,  they 
cover  an  jirea  several  miles  in  width,  quite  above  the  reach  of  the  river- 
waters  at  their  highest  stage. 

Another  point  1  may  allude  to  here  again  in  this  connection,  and  that 
is  the  nioiv  modern  outflow  of  basalt  which  is  seen  in  several  localities 
in  the  valley.  It  is  probable  that  the  basalt  spread  all  over  the  valley 
at  one  time  in  the  form  of  a  cap,  and  that  it  has  been  swept  away  in  the 
pnu'ess  of  erosion.  On  the  west  side,  about  two  miles  below  Boteler's 
ranrlu  there  is  an  extensive  remnant  of  this  bai^alt  cap,  which  has  been 
so  smoothed  by  the  passage  of  ice  over  it  that  the  surface  is  glazed. 
Tliere  aiv  also  numemus  small  grooves  or  scratches.  The  surface  is 
ci>vered  thickly  with  rounded  granite  bowlders,  but  one  of  them  was 
worthy  of  s|HH'ial  note  li*om  its  size,  which  measured  12  feet  in  height 
and  -6  \W\  in  diameter.  It  is  perfectly  massive,  composed  of  a  (joarse 
a.ui:*'**^*^**  of  tpmrtz,  feldspar,  with  small  bits  of  mica.  The  basalt  ha^ 
a  lentlency  to  hivak  into  imperfect  pentagonal  columns.  Underneath 
u  aiv  100  to  iHK)  feet  of  what  I  have  called  Pliocene  deposits,  but 
they  aiv  con)iH)siHl  very  largely  of  rounded  pebbles  and  bowlders,  with 
ii^ht  »;;vay  marly  clay.  On  the  east  side  of  the  Yellowstone,  about  two 
uJiU'^i  alH>\e  the  ranch,  the  river  has  cut  a  vertical  section  through  the 
uuily  cla>s  and  sandstones  100  fe€t  or  more,  with  50  to  80  feet  of  loose 
duU  Kuvidors  and  pebbles,  the  whole  capped  with  20  to  30  feet  of  basalt. 
Tins  outllow  of  igneous  matter  was  among  the  latest  events.  Nearly  all 
ihv  liike  Imsius  have  this  basaltic  cap  to  a  greater  or  less  extent,  and  th<^ 
cxuUii^v  indicates  that  the  outflow  was  synchronous.  In  the  Snake 
Uwi  lUisiu  this  cap  covers  an  area  of  fifty  to  eighty  miles  in  width  and 
Nvwuil  huudixnl  miles  in  length,  and  quite  large  streams  sink  beneath 
•  V  V- U  Uo^^  iuto  8n«ke  Kiver.  The  geological  relations  of  this  cap  or  bed 
vv  s'w^vtU  vuv  <Uhhii  the  same  wherever  it  occurs,  pointing  to  a  common 
^N^vNv»'  ^x  wvU  iixx  (imo»  • 

\  '.v^vvv  liuU  it  vHvurivd  before  the  waters  subsided,  so  that  we  may 
rvi»^v  x^  ;V^ ,  v;t ot  its  history  at  least.  The  lakedeposita  are  certainly  of 
iv»;i  A'Nvs  liCCiUJc*  at  least  as  late,  and  perhaps  later,  than  Pliocene. 
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npon  tbia  reata  a  huge  bed  of  drift,  wbicb  was  deposited  still  later,  and 
then  comes  the  ontSow  of  basalt  before  the  waters  snbsided,  an  is  shown 
by  the  textnre  of  the  rocks,  as  well  as  the  auperfldal  deposits  over  it ; 
then  the  waters  were  drained  slowly  away,  sweeping  with  them  most  of 
the  basalt,  with  the  exceptiou  of  here  and  there  a  retuiiaut,  and  also  most 
of  the  deposits  beneath,  tbns  giving  shape  to  the  valley.  All  these  events 
mnst  have  taken  place  subseqaent  to  the  completion  of  the  general  out- 
line of  the  country  by  the  upheaval  of  the  mountains.  It  is  probable, 
also,  that  during  this  period,  and  probably  throngbout  the  greater  por- 
tion of  the  Tertiarj-  period,  hot  springs  were  very  abnndant  everywhere, 
and  it  is  doubtless  due  to  these  that  tbe  organic  remains  fonnd  in  these 
deposits  have  been  preserved  in  such  a  high  state  of  perfection  and 
beauty.  The  siliciiied  or  opalized  wood,  we  believe,  indicates  the 
presence  of  these  springs.  There  are  a  few  warm  or  moderately  hot 
springs  in  this  valley  at  tlie  present  time. 

As  an  illnstrntion  of  tbe  volcanic  action  in  this  valley,  tbe  render  is 
referred  to  Fig.  2,  which  wns  sketched  by  Mr.  Holmes,  about  two  miles 

Fig.   J. 


above  Boteler's  ranch  on  tbe  west  side  of  the  Yellowstone  Valley.  Tbe 
long,  wall-Iike  mass  that  extends  down  from  the  side  of  tbe  bill  is  a 
dike  of  trachyte,  while  on  either  side  are  the  tul'as  and  breccias,  which 
have  been  weathered  into  columns  of  varied  forms.  Tbia  may  also  repre- 
sent one  of  the  nnmerons  fissures  or  oblong  craters  from  which  much  of 
tbe  volcanic  material  was  ejected.  Fig.  3  shows  quite  clearly  the 
Mratifled  charscter  of  the  tufas  and  breccias.  This  illustration  wns 
taken  about  a  mile  above  Fig.  2,  on  tbe  same  side  of  tbe  Yellowetone. 
The  entire  maSS  is  most  curiously  variegated  in  color,  from  an  ashen- 
cream  color  to  deep  purple.  This  series  of  gray  volcanic  ashCK  alter- 
nates with  more  or  less  coarse  strata  of  breccias,  the  fragments  cemented 
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wk]i  tlie  tiifii.'^.    In  Fig.  3  we  see  a  carious  inKtimve  of  a  sort  of  uncoil- 
fortiiabilitj,  showiug,  itroliably,  tlic  |)ei'io(l8  of  dviwsitiou.    Tlio  uuder- 


Imii^  ]ioitioii  Iiid  been  noiu  into  acoiiical  f)bn|)cl)}  tUo  wiitoi*:  ol  tlii. 
)  i1  c  I'lKii  to  1L(  tU petition  of  tliL  sljutiiig  uihks  In  tLc  biiU  gionixl 
liuM  II  I  loltj  riu^eot  \olc.uiic  bieici  I  or  con{;loui«i  itcs,  iisin^  i,UUU 
1((  t  ibo\*  tliL  \  ille^ 

^\  (  uill  non  take  our  leive  of  tins  Itoautiful  ^all(^  niu)  iiioiitdnp 
tbi  ii\fi  tbruu^b  tbi  Second  (  iiioii  A\i.  iTia\  baRtd\  notm  tbodiii 
act*  I  nt  tli(i  wLk-i  on  t^itliir  sidi  J  be  dnido  b(.tvvciii  Ibi.  ^dlowhtone 
.ind  111!  (Tallitiii  IS  (iiiit<  sb  irji  iiid  uirion,  the  uumeioiti  litib  stii  mis 
<uttiii^  ilcip  (liuiiit^ls  down  lu>m  the  innt  to  tho  ii\(.i  Ibiilmdi 
it-<lt  1-  loimid  (utiieh  ot  the  \ult  luic  conglotuernti,  ucithLud  into 
tb<  II  list  ningidii  iichitectund  forms  W<  st  of  tbe  cniion,  it  tbi  lit  id 
ol  (  iiioii  iiid  Rock  (.I'Ct.kK,  tbiit  < on gloiu crate  is  at  U  ist  1,(liril  itct 
tb](  k,  hon/ont  illj  Mtiutibcd,  and  uoiii  into  Lundrcdti  ot  piiinitlts  oi 
<i{>tlii<.  (obiiniib  (See  1  ig  4]  Thest  couglomentiSLXltiid  down  tbi. 
ikUis  iHtvMui  tin  bttle  htit  iins  tor  htMial  iniks,  wbdc  till  ).<"'-< '^  n*^ 
il(.ir  ill  (|i don II  totbt  nut  iiiioi|ibi<  niiks  lh<  tuion it-si ]f  oiii  itUii  <mi1l 
1-  II  itipo^Lil  inliiih  ot  ^KissK  Mt  iti  Silicilitd  wood  is  lonnd  ui  Ibi  i. 
lon^l  1111(1  it<s  in  „u  it  <| II  ml t tils  iiid  soini times  bti>;ch)^s  inii  slumps 
111  fxpised  in  I  \iiti(  il  ]>i>sui  II  in  tin  n  ilK  Ni  n  tbi  bi  idol  <  iiiuii 
t.  i«ik  I  sjw  till  stiini|i  ol  I  tuL  wi  lib  niiistb  im  Iki  ii  it  b  lat  tlniiiui 
Ol  lontlKii  tut  111  lb  iiiiitd  oii^iiulh  It  w  is  tiiiiih  iiidosul  iti  il  i 
I  ucd  I  Ibi  ijiii  til  11  11  ISIS  111  (III  1111  lid,  ^^  h<  nil  oii^iiiitid  lliis  \  ist 
dipiisitol  liHiin  Ol  iiin^biiitii  iti  iiid  ^^1|  it  wtii  tbi  jdnsu  d  loiidi 
tions  iiiidit  nbiib  thi  niitunls  wik  ib|ios]|id  '  \slo  tbm  oivii  wi 
most  (oiKbidi  tb  It  tbi  \  wm  tbiuwn  out  b\  \iil  iiiiiii  into  tin  Mil 
i-oundin^  w  lUis  iiHidi  1-4  siuiil  ii  iiiitiiiils  trt  <)id(d  linn  iiKdiin 
loli  inois  it  tbi  |Jii  SI  lit  tiiiii  \\i  lind  liowmi  lb  it  tlnw  buiiiis 
ail  ot   uiiiiKiisi    tliiikinss,  soiiiitiniLa  4,0(10  to  j,000   liiC,    is    at  Uii 
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8  of  the  East  ForU  and  iu  tlie  inountaina  at  the  head  of  tho  Upgwr 
Yelluwatone  above  the  hike.  Some  of  the  liighcst  mouiitains  in  the 
Northwest  are  capi>ed  with  these  volcauic  breccias  arraugud  in  liurizou- 
tal  strata,  aiul  showiug  most  clearly  that  the  agent  was  water.  In 
almost  all  cases  these  stratified  breccias  are  perfectly  horizontal  from 
base  to  saniiuit,  thereby  indicnting  the  probability  that  there  has  been 
no  important  movement  of  the  earth's-crust  siuce  their  deposition.    We 

Fig.   4. 


most  conclude,  then,  that  at  a  comparatively  modem  date  the  waters  so 
covered  these  mountain-ranges  of  the  Northwest  that  not  oven  the  snni- 
mita  of  the  loftiest  peaks  were  above  the  surface.  It  is  barely  possiI)le 
that  we  iDight  make  an  exception  in  the  case  of  the  Grand  Tetons.  We 
may  suppose  that  the  materials  wore  snpjilicd  from  the  numberless  vol- 
canic fissures  in  unlimited  quantities  in  a  comparatively  brief  space  of 
time;  bat  the  period  which  would  be  required  for  the  waters  to  arrange 
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matter  in  the  remarkably  uniform  and  compact  series  of  strata  which 
ud  at  the  present  time  must  have  been  great.    The  results  have 

carried  on  upon  such  a  8tui)endou8  scale  that  the  mind  finds  with 
•4ilty  the  courage  to  grapple  with  them  or  attempt  to  explain  them, 
then,  subsequent  to  the  deposition  of  these  enormous  beds  of  con- 
lerates,  has  been  the  wearing-out  of  caiions  and  valleys  2,000  to 
)  feet  in  depth,  the  sculpturing  of  some  of  the  most  marvelously 
d  and  unique  scenery  on  the  continent.  In  passing  up  the  valley 
le  Upper  Yellowstone,  which  is  about  three  miles  wide  and  has  been 
ed  out  of  this  hard  breccia,  one  could  easily  imagine  himself  in 
5  enchanted  land,  where,  on  every  side,  were  castles  and  palaces 
out  number, 
c  may,  therefore,  conclude  that  all  the  surface-phenomena  we  find 

at  the  present  time  are  only  the  insignificant  remnants  of  the  past; 

the  lakes,  streams,  hot  springs,  &c.,  are  only  the  dim  departing 
ences  of  a  series  of  events  which  once  were  performed  here  on  a  scale 
almost  bafSes  human  conception.  The  Second  Cation  is  formed  by 
passage  of  the  Yellowstone  River  between  lofty  walls  of  gneiss, 
he  east  side  is  Dome  Mountain,  a  vast  rounded  mass  of  granite 
g  2,500  feet  above  the  river  flowing  at  its  base.  On  the  west  side 
two  or  three  rounded,  naked,  granit43  peaks,  1,500  to  2,000  feet 
e  the  river,  but  less  conspicuous.  The  summits  and  sides  of  these 
itic  mountains  show  most  distinctly  the  effects  of  glacial  action, 
surfaces  in  many  places  are  smooth  as  glass,  and  glazed  as  it  were,  and 
?  about  loose  are  great  numbers  of  rounded  bowlders.  The  forces 
stripped  off  the  thick  covering  of  volcanic  conglomerates  left  their 
?s  on  the  harder  rocks  below.    To  the  westwanl  the  gneissic  rocks 

pass  out  of  sight  beneath  the  volcanic  conglomerates.  I  shall 
upt  to  show  in  a  subsequent  chapter  of  *this  report  that  the  gneissic 
s  of  this  caiion  are  only  a  portion  of  the  nucleus  of  the  great  range 
h  extends  across  the  country  toward  the  northwest  to  an  unknown 
mce.  The  mountains  on  either  side  may  be  said,  in  the  main 
3  composed  of  granitoid  rocks  as  nuclei,  with  almost  numberlcvss 
ows  of  igneous  matter.    Although  this  statement  would  indicate 

the  geological  features  were  remarkably  simple,  yet  the  rounded 
IS  which  these  igneous  rocks  assume,  and  the  chaotic  condition  of 
uirrounding  rocks  produced  by  these  volcanic  movements,  renders 
unraveling  of  the  structure  quite  difficult  in  its  details.  In  the 
ent  report  I  cannot  do  more  than  present  a  general  view  of  the 
ogy  of  the  Yellowstone  Valley,  referring  the  reader  to  the  report 
S71  for  more  detailed  information. 

le  next  point  of  importance  is  the  Cinnabar  Mountain  and  the  so- 
i\  Devil's  Slide.  We  were  enabled  the  past  season  to  make  a  more 
fui  examination  of  this  interesting  locality,  abd  the  sketch  taken  on 
spot  by  Mr.  Holmes  is  very  expressive  and  accurate.  (Fig.  5.)  Cin- 
ir  Mountain  comprises  a  group  of  nearly  vortical  beds,  rising  at  one 
t  2,000  feet  above  the  Yellowstone.    The  ridge,  or  mountain,  as  it 

be  called,  is  about  quP  liUlc  in  length,  and  in  this  distance  are  ex- 
d  probably  1Q,000  feet  of  strata  from  the  metamorphic  quartzites 
le  coal  strata  inclusive.  The  hard  rocky  strata  stand  up  on  the 
s  of  the  mountain  like  high  walls,  while  the  intervening  softer  beds 
?.  been  washed  away;  the  direction  of  inclination  southwest  trends 
it  northwest  and  southeast.  The  following  section  is  given  somewhat 
etail.  Jt  commences  with  the  well-marked  Cretaceous  shaly  clays, 
;h  arc  probably  Middle  or  Lower  Cretaceous. 
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.  D»rh-brown  sfaaly  clay,  nitb  thin  l&yentof  bronnsandstoue.    With 
geotles  of  calC'Spftr.    The  whole  gra<1uullypa8etDgtoa  slutyahule. 

500  feet. 
.  A  bed  of  bmken  sandot'One, 

fiiie-grMne<l,  freqnently  ris- 
ing nbove  the  sarfacc.    i 

feet. 
.  Dark  slaty  Rliale.    30  feet. 
.  A     somber  bruwii    qnartzose 

samlsttme  projecting  up  oa 

the  Bide  of  the  mountain 

like  a  wall.    50  to  80  feet. 
.  Dark -brown  Hhnle,  with  three 

layers  of  sandBtone,  4  to  10 

feetthick.  Towardtheaum- 

mit  of  the  hill  or  mountain, 

which  is  TOO  to  1,:!00  feet 

above  the  base,  the  sand-   . 

Btoiies  project  ap  with  very    ' 

mgged,    irregular     edges.   | 

The  rock  is  very  compact,   c 

chalky,   fracturing   easily.   . 

300  feet.  : 

I.  A  rusty-brown  mud-qnartzite.   I 

Inclination,  75=.     100  feet.   I 
.  laterval  of  softer  brown  mad-   : 

sbale.    600  feet  ; 

I.  Brown  sandstone,  rising  np  j 

in  a  high  wall  100  feet.   Be-  \ 

low  it  are  some  thin  beds    i 

of  sandHtone,  one  of  which,   \ 

2  feet  thick,  is  made  np  of  \ 

smalt    jH-bttles,    cemented   ■ 

withwiud.  30feet;dip,8(P.   : 
t.  Intervalofbi-own,arenaceou8,   i 

sbaly,  laminated  sandstone,  i 
).  High  wallof  brown  sandstone,   ; 

witli  huge,  concretions,  ir-   > 

regtilitr  bedding,  with  tine  \ 

ilhistratious  of  wave-mark-   \ 

ings.    20  feet.  j 

I.  Low  interval  of  soft  material,  ' 

black  sbale  or  slate.    300 

feet. 
i.  High     wall    of    rnsty-hrown 

quartzite,  so  hard  and  brit- 

tlo  and  broken  by  juintage 

as  to  api>ear  metamorphic. 

20ieet;  dip,  7(1°. 
J.  Three  or  four  thin   beds  of 

quartzite,     ragged     edges 

standing  up  5  to  30  feet 

almve    tbe    surface,    with 

softer    clays    iuterreuibg. 

100  feet. 
4.  Grassy  interval, probably  slaty 

clay.    75  feet. 
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15.  High  wall  of  quartzite,  rising  at  one  point  150  feet,  with  intervals 

of  red  banded  shale.    1(K)  feet. 

16.  Three  beds  of  quartzite,  with  slaty  intervals.    200  feet. 

17.  liluishgreen  shale,  fall  of  Jurassic  fossils.    150  feet. 

18.  Dike  of  trachyte  50  feet  wide.    Inclines  70^.    Shown  in  Fig.  at  c. 
10.  l>Iack  slate,  metamorphosed  when  it  is  in  contact  with  the  dike-ma- 
terial.   200  feet. 

20.  A  huge  wall  of  brown  arenaceous  limestone.    80  feet. 
Isl.  Yellow  and  red  banded  arenaceous  clay,  giving  name  to  the  mount- 
ain by  its  bright-red  color.    75  feet. 

22.  Several  beds  of  arenaceous  limestone,  with  partings  of  clay,  very 

tliiu;  some  of  it  with  a  reddish  tinge;  carboniferous   fossils. 
500  feet. 

23.  ]\laisisive  limestone,  extending  down  to  the  metamorphic  quartzites, 

ou  which  it  rests  unconformably.    1,500  to  2,000  feet. 

The  fossils  from  bed  17  are  enumerated  in  the  catalogue  by  Mr.  Meek. 

The  h)wer  portion  of  the  limestone  of  bed  No.  23  is*full  of  geode  cavi- 
ties, lined  with  crystals  of  calc-spar.  The  rock  is  very  hanl,  compact, 
brittle,  easily  fracturing  into  small  angular  fragments,  the  whole  mass 
resisting  the  atmosphere  quite  successfully.  The  greater  portion  of 
this  limestone  is,  most  probably,  of  Carboniferous  age;  but  1  have  no 
doubt  that  the  lowest  part  is  Lower  Silurian,  though  it  difl'ers  much  in 
texture  and  general  appearance  from  the  Silurian  strata  in  the  Gallatin 
Valley.  The  exact  line  of  sei)aration  between  the  Silurian  and  Carbon- 
iferous is  difficult  to  determine.  The  partial  metamorphosis  of  the 
lower  limestones  has  rendered  this  more  obscure.  The  dike,  as  shown 
in  the  Fig.  at  c,  is  the  most  remarkable  feature  in  this  section.  It  may 
be  regarded  as  the  line  of  separation  between  the  Carboniferous  and 
Jurassic  strata.  The  dark  Carboniferous  shales  have  been  changed  into 
slates  on  either  side  of  the  dike,  and  portions  of  the  slate  are  attached 
to  the  mass  which  now  rises  above  the  side  of  the  mountain.  At  the 
lower  part  of  the  mountain  the  igneous  matter  seems  to  have  been  thrust 
up  between  the  strata  and  to  have  filled  the  cavities  like  a  mold,  but 
toward  the  toj)  it  has  apparently  cut  across  the  layers  slightly,  producing 
some  singular  faults. 

Continuing  eastward  beyond  the  Cretaceous  clays  as  noted  in  the  sec- 
tion. w(*.  find  a  vast  series  of  arenaceous  clsiys,  sandstones,  quartzites, 
arenaceous  limestones,  with  beds  of  lignitic  clay,  and  good  coal  6  or  8 
feet  thick.  I  estimated  the  thickness  of  this  Coal  group  at  2,000  to 
3,000  feet,  and  this  estimate  may  be  too  low.  There  is  much  confusion 
in  the  position  of  the  beds,  some  of  them  inclining  45°  to  50°  for  a.lit- 
tle  distance,  and  then  suddenly  becoming  almost  horizontal,  inclining 
50  to  10^.  Yet  there  seemed  to  be  no  want  of  conformity.  There  is  a 
kind  of  irregular  synclinal  here,  by  wliich  the  Coal  group  has  been 
crushed  together  in  such  a  way  as  to  produce  chaos,  so  far  as  position 
is  concerned. 

From  the  Cinnabar  Mountain  the  beds  seem  to  incline  almost  south- 
west, while  from  the  high  mountains  between  the  Gallatin  and  Yel- 
lowstone the  internal  forces  seem  to  have  operated  in  an  opposite 
direction.  Thus,  within  the  space  of  six  or  eight  miles,  extending 
from  the  summit  of  Electric  Peak  to  the  Yellowstone  Kiver,  we  have 
the  full  series  of  sedimentary  rocks  from  the  Silurian  to  the  limits  of 
the  Coal  strata  inclusive,  forming  a  synclinal.  The  Cretaceous  bedS; 
which  are  noted  as  the  black  shales  in  the  section,  may  be  seen  high  up 
on  the  sides  of  the  mountain,  dipping  about  northeast  at  an  angle  of 
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250,  while  the  limestones  form  the  entire  upper  portion  of  a  peak  which 
rises  to  a  height  of  over  10,000  feet  above  tide-water.  It  is  probable 
that  a  portion  of  this  Coal  group  is  of  Cretaceous  age,  but  I  also  believe 
that  the  beds  pass  up  into  the  Tertiary  period,  as  we  find  them  in  other 
I)ortions  of  the  West.  Ammonites  and  baculites  and  other  Cretaceous 
shells  were  found  below  the  coal  in  a  fine  state  of  preservation,  but  no 
plants  or  other  fossils  were  found  above.  On  the  east  side  of  the  Yel- 
lowstone the  more  modern  beds,  probably  Tertiary,  are  largely  shown, 
inclining  in  such  a  way  as  to  indicate  that  the  Yellowstone  had  made 
its  way,  for  a  few  miles  here,  through  an  anticlinal  fissure.  Opposite 
the  Hot  Springs  on  Gardiner's  River,  there  is  a  vertical  wall  of  Creta- 
ceous and  Tertiary  strata,  exposing  1,500  feet  or  more  in  thickness.  Coal- 
beds  occur  here  also.  All  the  way  to  Tower  Falls,  or  the  foot  of  the 
Grand Cauon,fragmentsof  the  sedimentary  group  occur  of  greateror  less 
extent.  They  crop  out  from  under  mountains  of  volcanic  conglomerate 
and  basalt.  The  evidence,  becomes  stronger  every  year  of  exploration 
that  the  erosive  forces  have  acted  on  a  more  stupendous  scale  than  I 
have  ever  conceived  or  expressed  in  any  of  my  former  reports ;  that  the 
entire  series  of  sedimentary  strata,  from  the  lowest  Silurian  to  the  high- 
est Tertiary  known  in  the  West,  has  extended  in  an  unbroken  mass  all 
over  the  Northwest ;  and  we  find  here  and  there  by  the  exposure  of  the 
entire  series,  as  at  Cinnabar  Mountain,  and  in  many  other  localities,  the 
most  satisfactory  proof  of  the  statement  which  I  have  so  often  made. 
This  single  statement  implies  that  from  10,000  to  15,000  feet  in  thickness 
of  unchanged  rocks  have  been  removed  from  this  mountain-region,  except 
what  might  be  called  remnants  left  behind,  occupying  restricted  areas. 
Of  course,  the  older  the  group  the  larger  the  area  over  which  it  has  es- 
caped erosion.  The  hard  and  compact  limestones  of  the  Carboniferous 
and  Silurian  ages  are  found  to  a  greater  or  less  extent  all  over  the  North- 
west. They  yield  much  less  readilj'  than  the  more  modern  beds,  and 
are  consequently  found  on  the  summits  of  some  of  the  highest  mountains, 
10,000  and  12,000  feet  above  the  sea.  Indeed,  these  isolated  patches  of 
all  the  formations  which  occur  here  and  there  render  it  necessary  to  ex- 
plore the  country  with  much  detail,  in  order  to  prepare  a  geological  map 
in  colors  with  any  degree  of  accuracy.  These  isolated  fragments  are 
liable  to  be  met  with  in  the  most  unexpected  places — on  the  topa  of 
mountains,  or  cropping  out  of  the  sides  of  canons  or  ravines.  Around 
the  sources  of  Gardiner's  Eiver  and  Tower  Creek,  the  mountains  and 
hills  appear  to  be  entirely  of  volcanic  origin  at  a  distance,  and  many 
of  them  are  ;  but  underneath  the  vast  volcanic  mass,  is  a  series  of  the 
grayish-brown  beds  of  the  Coal  group,  so  that  many  of  the  lower  hills 
from  which  the  volcanic  material  has  been  denuded  are  covered  with  an 
indnrated  calcareous  clay,  filled  with  deciduous  leaves  in  an  excellent 
state  of  preservation.  Farther  down  these  streams,  toward  their  junc- 
tion with  the  Yellowstone,  outcroppingsof  the  true  Cretaceous,  Jurassic, 
and  Carboniferous  occur  here  and  there.  To  what  extent  these  trachytes 
and  volcanic  conglomerates  covered  the  surface  at  one  time,  it  is  hardly 
possible  to  determine,  but  there  is  evidence  that  they  must  have  ex- 
tended in  an  unbroken  mass  over  a  very  large  area. 

The  question  continually  arises  in  the  mind,  At  what  time  in  geologi- 
cal history  did  this  period  of  intense  volcanic  activity  occur!  Evidences 
of  greater  or  less  igneous  action  are  found  in  rocks  of  all  ages,  from  the 
lowest  metamorphic  up  to  the  present  time,  but  there  seems  to  have 
been,  as  it  were,  a  culmination  of  the  volcanic  forces  some  time  during  the 
later  Tertiary  period.  It  may  be  that  the  accumulated  forces,  which  had 
been  since  the  Cretaceous  era  gathering  in  the  interior  of  the  earth, 
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and  had  gradually  elevated  the  westeru  portion  of  the  continent  to  its 
proseiit  position,  obtained  vent  at  tbis  time,  and  exhausted  themselves, 
leaving  behind  them  stu[)endoas  monuments  of  their  power.  I  am  now 
inclined  to  believe  that  when  our  western  country  is  more  thoroughly 
explored  by  competent  geologists,  it  will  be  found  that  the  area  covered 
with  voleaiiic  rocks  is  far  greater  than  we  have  hitherto  suspected. 
Like  the  more  modern  Tertiary  beds,  the  basalts  and  conglomerates  of 
volcanic  origin  have  been  subjected  to  terrific  erosion,  and  only  a  por- 
tion of  their  wonderful  magnitude  is  left  behind. 

So  far  as  my  own  explorations  have  extended,  the  main  portion  of  the 
volcanic  material  of  the  West  has  been  thrown  out  at  a  comparatively 
nio(h*rn  date.  Among  the  Cretaceous  and  coal-bearing  groups  are  irreg- 
uhir  iuterstratified  beds  of  basalt,  but  the  great  mass  of  trachyte,  basalt, 
and  volcanic  con glomemtes  seems  to  have  been  erupted  since  the  surface 
attained  pretty  nearly  its  present  configuration.  The  conglomerates, 
although  in  some  instances  reaching  a  thickness  of  3,000  feet  at  Iccist, 
do  not  seem  t )  have  been  disturbed  to  any  great  extent  since  their  de- 
l)osition.  The  position  of  the  trachytes,  which  have  overflowed  the 
mountain  ranges,  indicates  that  they  could  not  have  been  very  ancient, 
perhaps  not  older  than  later  Miocene  or  early  Pliocene,  while  the  true 
basalts  are  extremely  modern,  approaching  closely  to  our  present  era. 
In  the  report  of  last  year  I  described  the  modern  basaltic  outflows  on 
both  sides  of  the  Yellowstone,  above  and  below  the  junction  of  the 
East  Fork.  On  the  sides  of  the  granitic  mountains,  at  diftereut  eleva 
tions,  the  black  igneous  outflows  can  be  seen,  looking  like  hot  spring-de- 
])osits,  were  it  not  for  their  dark  color.  The  liquid  material  seems  to  liave 
oozed  out  from  fissures  in  the  metamorphic  rocks  in  numerous  places. 
These  basalts  fracture  readily  into  small  fragments,  and  the  (Ubria  re- 
semble a  pile  of  dull  anthracite  coal.  These  very  modern  basalts  seem 
also  to  have  oozed  up  through  the  fissures  in  the  Cretaceous  and  Ter- 
tiary beds,  as  shown  on  the  east  side  of  the  Yellowstone  opiKisite  the 
mouth  of  Gardiner's  Kiver.  Here  the  outcropping  edges  of  several  hun- 
dred feet  of  strata  are  shown  for  some  miles,  spotted  with  the  patches  of 
tht»  black  debris,  from  the  breaking  in  pieces  of  the  basalt  that  had 
flowed  out  at  diflerent  points.  \Ve  may,  therefore,  conclude  that  this 
lieriod  of  intense  volcanic  activity  probably  commenced  somewhere  dur- 
ing the  later  Miocene  or  early  riiocene  epoch,  reached  its  greatest 
power,  and  then  slowly  declined,  the  hot  springs  and  geysers  of  the 
inesent  time  being  the  faint  departing  remnants  of  these  once  terrific 
forces. 


CHAPTER  HI. 

FROM  EAST  FORK  TO  THE  MINING  DISTKK^T  ON  (LARKS 
FORK  AND  RETURN— YELLOWSTONE  VALLEY  AND  HOT 
SPRINGS— GEYSKR  BASINS  AND  MADISON  RIVER. 

On  the  1st  day  of  August  I  started  from  the  forks  of  the  East  Fork 
for  the  Clark's  Fork  mines,  in  company  with  :\Ir.  William  Rl:icknu»re, 
and  Mr.  Ilolmes,  artist  of  the  survey.  The  camp  was  stationed  down 
below  thi\  bridge  in  a  sheltered  valley,  where  the  animals  would  be 
secure  from  danger  and  get  a  good  supply  of  food.  This  trip  was  to 
take  us  over  new  ground  that  had  been  omitted  in  our  ex])lorations  of 
last  yeai'.    Our  course  was  up  the  valley  of  the  jniddle  branch,  past  Soda 
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Biittp,  tcLicIi  was  ilewribed  last  joar.  (Fig.  G.)  I  will, however,  call  to 
niiiiil  hero  the  remark  in  Ibi^  |m-c(.Hjiii<;  cliaiitor  in  ivgard  to  the  outei-op- 
]>iii{!  of  limestniieH  of  (^irboiiilemiis  agv  in  iitONt  nnexpeirterl  phivt!:*. 
Uii  till'  east  side  of  the  Kant  F(nk  tlic  pruiiiti*  i-oeks  seem  to  liave  in-e- 
vaik-d.  On  the  summits  were  some  tmehytca  or  eo»Klonieiiites,  but  be- 
fore i-eiic-hiuK  the  folks  of  tbc  East  Fork,  the  hi(;b  motiiitiiitis  are  eoiii- 
poM'd  mostly  of  toe  conglomerate,  while  at  the  very  baw,  the  limestoiieii 
enii)  out  -V)  to  101)  feet  tliick.  Soda  Butte  is  located  abont  tbo  midd'" 
of  the  valley, 
and  ii4  an  ex- 
tinet  c<'vser, 
{Viff.  7.)  The 
niatcriids  of  the 
m  UII  rid  are 
uii>.<tly  eah;jm>- 
inis,  and  show 
elearlv  that 
these  lime- 
fltones  run  wil- 
der the  valley.  ■ 
and  that  the  ; 
waters  of  the 
Keysersaroseto 
the  surface 
tlin)ii^b  them, 
<lissolv)n;;inoru 
or  less  lime  in 
the  inissa^c  ui>- 
ward. 

As  weaseend 
Ibis  valley,  we 
(uioii  tliid  our- 
si-lvrs  heiiinied 
itioiieilherside 
by  Malls  of  vol- 
i-i 


.■anil-  brei 
I'.iHlll  to  ;J,IKH) 
f.-.t  iij  heiKbt. 
Thf  iippiT  por- 


K  lia 


\vi-:illieied  inlo 

thi*      most     R'- 

niiiikable    and 

:iriiailivi'])yra- 

luidiil  ami  eas- 

telhiled    tonus. 

IndiMMl,    all 

rhi-se  voleaiiic  eon};loinevntes  have  ii  tendeiioy  to  wast 

ailistii^un-hitcetiiial  foniis.    On  the  cast  side  of  liie  ■ 

iiTcRiilar  tenace-an-a  covered  mostly  willi  i|inikiitj;-as| ten's  and  pines. 

f'irnied  by  bind-Klides.    On  this  terrace,  which  iseh-vatcd  about  li.ln  feet 

alHive  the  river,  there  are  a  imnibcr  of  small  lakes,  fed  by  the  meltinjr  of 

tlie  smius  fnnn  the  mountain -sides.     One  of  I  hem  is  abmit  onc-fonitli  of 

a  mile  long,  and  is  full  of  trout  varying  in  Icii^'th  from  ID  to  irt  inches. 

We  mi^ht  here  ask  the  (]uestioii  how  these  little  lakes,  so  far  above  the 


i>  IS  ati 
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main  streams,  became  so  stocked  with  tront.    One  thing  is  certain, 

there  is  no  communication  for  the  flsh  with  the  main  stream. 

Fig.  7  is  intended  to  represent  an  ideal  section  of  Soda  Butte,  sliow- 

Pi  ingthepipeororiQce 

and  the  manner  of 

1  the  deposition  of  the 

I  layers,  or  the  growth 

I  of  the  mound 

The  limestone  that 
1  croi  ped  out  few  a  ht- 
{  tie  distance  below  the 
[  forks  disappeared 
again  for  about  ten 
miles  up  the  middle 
branch  when  it  re- 
p  appeared  on  both 
i  sides  of  the  valley, 
n  and  continued  up  to 
]  thu  Clark  s  Fork  di- 
\  de  The  snows  are 
qu  te  deep  on  the 
SH  es  of  the  mouiitainsm  the  gorges  e^  en  at  this  time,  and  it  is  probable 
that  tliey  remain  all  the  year.  The  width  of  the  valley  will  average  abont 
one  fourth  of  a  mile,  and  is  thickly  wooded  with  several  kinds  of  conif- 
erous trees,  with  here  and  there  groups  of  the  aspen-poplar.  About  five 
miles  above  the  forks,  fragments  of  limestone  began  to  appear  on  the 
surface,  and  soon  the  regular  strata  commence  to  rise  above  the  bed  of  the 
stream,  and  about  ten  miles  above,  the  limestones  were  exposed  in  ver- 
tical walls  on  either  side  of  the  canon  from  beneath  the  conglomerates  500 
to  1,200  feet.  The  upper  surface  is  quit©  irregular,  indicating  a  great 
amount  of  denudation  prior  to  the  deposition  of  the  conglomerate.  The 
limestones  are  yellow,  brown,  and  in  many  localities  brick-red.  The  mass 
is  alternately  depressed  or  elevated ;  that  is,  sometimes  a  very  high  ver- 
tical wall  is  exposed  with  the  strata  inclining  at  various  auglea,  again  it  is 
depressed  nearly  to  the  bed  of  the  stream.  There  is  one  locality  near 
tlieeonreeof  the  Middle  Fork,  where  the  limestones  rise  np  1,000  to  1,200 
feet.  So  far  as  texture  aided  to  determine,  these  limestones  seem  to 
be  of  Carboniferous  age.  Numerous  fossils  were  found,  which  were  all 
of  that  age,  and  I  saw  no  locality  where  the  Silurian  limestones 
appeared  to  crop  out.  One  curious  fact  could  be  observed  here,  which 
shows  the  vastness  of  the  eroding  forces.  The  rocky  walls  on  either  aide  of 
tbis  caiion  are  alike,  and  reveal  the  fact  that  the  entire  valley  has  been 
carvedout  of  the  massive  rocks  which  must  have  been  tar  more  extensive 
than  we  see  tliem  at  present.  From  the  source  of  this  branch  to  the  eu- 
tnince  into  the  main  valley,  a  distance  of  fifteen  miles,  a  mass  of  rock-ma- 
terials has  been  worn  out  one-fourth  of  a  mile  in  width,  almost  fifteen  miles 
in  lenglli,  and  of  a  thickness  at  least  equal  to  the  summits  of  the  highest 
peaks,  some  of  wbicli  are  3,000  fectabove  the  valley  below.  Wc  cannot 
now  estimate  how  much  of-  the  surface  may  have  been  wasted  away, 
but  the  evidence  is  clear  that  no  inconsiderable  portion  has  been 
removed.  ^Vhen  the  limestones  are  exposed  underneatli  the  conglom- 
erates on  one  side  of  the  canon,  the  con«sponding  strata  are  seen  on 
the  opiiosite  side.  The  conglomerates  are  very  nearly  or  qnito  hori- 
zontal, the  lower  portion  adat>tiug  itself  to  the  irregular  surtaee  of  the 
limestone  like  any  other  sedimentary  deposits.  This  valley  or  canon  is 
only  an  illustration  of  many  others.    I  have  no  doubt  that  the  Carbon- 


only  iiii  ilhistrjition  of  many  otiiera."  I  hiivt'  no  doubt  thai  tlit  Carbou- 
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ifrrons  limcstaaes  underlie  tlie  greater  imrtinn  of  the  coniitry  eaat  of 
Ilio  Gniml  Ciifion  nrul  Hw  laki',  oxteiHliiig  over  to  tlie  R(inn't'8  of  Clark's 
Fork,  8tiiikiiigwiitor,  and  otliiT  Btrc-nini<i.  This  cnoi'moiiJi  tliickuess  ut' 
(■oii^loiiipr.ito  oucti  extctulod  nil  over  it  in  cue  nnbi'oken  iiias-s,  but  »incu 
ilm  subsidence  of  tlie  watiTfi  tlie  voleatiiit  niant)  liait  been  cleft  down 
into  tbe  uuderljing  beds  of"  liinestoiiti  in  every  dintrtion,  fonnint;  some 
as  remarkable  scenery  as  there  esists  on  our  continent.  Jlr.  Ilolaies, 
tbc  artist  of  the  exitetlition,  has  sketclied  many  natural  sections  show- 
in;;  most  elearly  the  relations  of  the  conglomerates  with  the  limestones 
hcliiw.  and  presentinjr  in  detail  the  sinjiidavly  nnitgue  forms  which  are 
liriKbiced  abundantly  by  the  meteoric  fon;efl.  Min{;led  with  the i-on;ri,irn- 
crates  are  vast  irreRulat  masses  of  trachyte,  the  resnit  of  R-[ieiited  over- 
sows from  the  craters  and  fissures.  In  nianv  cases  the  nucleus  of  tlio 
cones  or  ]>eaks  arc  inassivu  trachyte.  There  are  also  alternate  beds  of 
tnii.-hyt*.!  mid  conglomerate. 

Ab<»nt  tiie  sourci's  of  the  Middle  Fork  and  Clark's  Fork  are  some  very 
iiiteri'sting  silver-mines.  They  are  all  located  in  the  limestones,  from 
i>,i)Oll  to  7,tKKl  feet  above  sea-level.  These  lituesttines  i-est  U|ir>n  granites 
near  (.'lark's  Pass,  and  one  poor  mine  has  been  found  in  tho>ie  nx^ks. 
The  '■  crojipiiigs "  are  of  a  rusty  yellow  color,  a  sort  of  rusty  limestone  ■ 
or  qnartzite,  which  can  be  traced  for  miles.  The  mines  have  not  yet 
been  develoiied  to  any  extent,  but  the  oiv,  which  is  galena,  looks  well. 
I  think  the  ore  is  located  in  regular  flssure-veins,  extcndinf:  ^lownward 
atmat  at  right  angles  with  the  stnata,  (which  an',  nearly  horizfmtal.)  and 
probably  reach  dowa  into  the  metamorpbic  rwks  iH-neath.  There  ia 
the  greatest  abundance  of  wafer  and  wood  in  tins  regi<ni  tn  work  these 
ores  Kfaoultl  they  prove  of  any  value ;  but  the  mines  are  at  pix-sent  so 
difBcalt  of  a(»:css,  so  far  from  nnirket,  and  the  tu^asons  aiv  so  short, 
that  their  value  is  nominal  at  this  time.  iStill,  the  iiipidity  with  whicli 
this  western  ennntry  develops  nnder  the  stimulus  of  rich  mines  :»id 
lailroads  is  so  great  that  these  far-away  ou>s  may  become  valuable 


sooner  than  we  conid  anti<^ipate.    A  regular  mining-district  has  been 

formed  here  and  nnaierous  Itsles  staked  out.     (See  map  of  East  Fork.) 

Passing  the  divide,  we  ascended  the  mountains  which  give  origin  to 
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one  of  the  main  braucbes  of  Clark's  Fork.  This  divide  or  pass  was 
found  to  be  8,500  feet.  The  view  from  the  mountain-summit  was  grand 
in  the  extreme.  Extending  far  to  the  south  is  a  chaotic  mass  of  volcanic 
peaks,  varying  from  9,500  to  11,000  feet.  Pilot  and  Finger  Peaks  are 
located  near  together,  on  the  divide  between  the  Etist  Fork  of  Yellow- 
stone and  Clark's  Fork.  (Fig.  8.)  One  of  them  derives  its  name  from  its 
shape,  like  a  closed  hand  with  the  index-finger  extending  upward,  while 
the  other  is  visible  for  so  great  a  distance  from  every  side  that  it  forms  an 
excellent  landmark  for  the  wandering  miner,  and  thns  its  appropriate 
name  of  Pilot  Peak.  The  metamorphic  rocks  underlie  the  limestones 
everywhere,  and  in  the  valley  of  Clark's  Fork  they  are  exposed  over  quite 
large  areas.  At  least  one  hundred  small  tributaries  pour  into  the  river 
and  its  main  branches  from  the  lofty  snowy  mountains.  Each  one 
seems  to  rise  in  a  small  lake,  and  as  we  pass  our  eyes  along  the  rounded 
low  granite  mountains  on  either  side  of  Clark's  Fork,  they  rest  upon 
numbers  of  these  reservoirs,  glistening  like  gems  in  the  sunlight.  On 
the  east  side  of  Clark's  Fork  is  a  remarkably  rugged  granite  range, 
covered  with  perpetual  snows.  On  the  west  side,  low  down  in  the  val- 
ley, the  massive  walls  of  limestone-strata  may  be  seen  most  distinctly. 
The  beds  of  limestone  do  not  seem  to  incline  at  very  great  angles,  but 
to  have  been  elevated  to  different  heights.  Sometimes  a  group  of  strata 
will  be  found  in  the  bed  of  the  valley,  and  then  again  lilteil  up  in  a 
nearly  horizontal  position  on  the  mountain -sides  1,000  or  1,500  feet 
above  the  bed  of  the  river.  Although  the  scenery  is  so  rugged  and 
grand,  yet  an  air  of  desolation  reigns  over  the  whole.  Perpetual  snow 
is  seen  everywhere,  and  the  somber  nakedness  of  the  volcanic  peaks 
adds  to  the  gloom  ;  but  toward  evening  the  setting  sun  envelops  them 
with  such  a  delicate  golden  haze  that  one  seems  wafted  into  the  land 
of  enchantment.  The  delicious  colors  are  blended  with  a  delicacy  and 
a  richness  that  no  artist  has  yet  fixed  on  canvas.  Toward  the  north 
and  stretching  off  to  the  Yellowstone  are  a  great  number  of  sugar-loaf 
peaks,  giving  origin  to  Stillwater,  Kock  Creek,  and  Bowlder  Creek,  with 
their  numerous  branches  on  one  side,  and  Slough  Creek,  with  many 
other  creeks  that  liow  into  the  Y'ellowstone  or  East  Fork,  on  the  oppo- 
site side.  Slough  Creek  rises  in  a  little  lake  about  7,300  feet  above  the 
sea.  This  little  lake  is  about  three-fourths  of  a  mile  long  and  half  a 
mile  wide,  and  so  full  of  trout  that  they  cannot  find  sufficient  food  for 
their  subsistence.  At  iiny  rate,  Mr.  Blackmore  caught  over  one  hundred 
trout  in  a  few  hours,  which  averaged  from  12  to  15  inches  in  length. 
Every  one  of  them  was  poor  and  thin.  Kock  Creek  also  rises  in  the 
same  ravi'ie,  but  the  \vaters  are  turned  in  an  opposite  direction  from 
those  llowing  into  the  lake  at  the  source  of  Slough  Creek.  Eock  Creek 
flows  down  the  mountain-side  with  a  northeasterly  course,  CAiTing  its 
channel  deep  through  the  limestones  into  the  metamorphicro(*ks,  and 
forming  some  of  the  most  interesting  scenery  in  this  region.  Nothing 
could  exceed  the  beauty  of  the  waterfalls  on  Rock  Creek,  where  the 
water  dashes  over  the  rocks  1,500  feet  in  a  distance  of  two  miles.  The 
photographer  could  here  find  subjects  for  his  art  without  number. 
The  tops  of  the  mountains  on  the  immediate  divide  are  mostly  limestone, 
and  on  every  side  the  conical  or  pyramidal  peaks  have  been  cut  down 
so  as  to  expose  the  metamorphic  rocks  to  a  greater  or  less  extent.  In 
the  valleys  where  the  massive  feldsi)athic  granites  are  revealed,  they 
have  bi»en  so  worn  by  glacial  action  that  a  smooth  surface  like  enamel 
has  been  formed. 

AVe  followed  down  the  somewhat  difficult  valley  or  canon  of  Slough 
Creek  on  our  return.    The  distance  was  about  eighteen  miles.     A  num- 
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ber  of  quite  important  branches,  which  also  have  cut  deep  caiions  for 
ten  or  twelve  miles  back  to  the  divide,  flow  into  Sloajj^h  Creek  on  either 
side.  The  sides  of  the  valley  are  everywhere  from  li,500  to  3,000  feet  in 
height,  and  are  much  more  irregular  than  in  the  canon  ot  Middle  Fork. 
In  the  granites  are  seams  of  feldspar  and  quartz  two  feet  in  width.  So 
abundant  in  some  localities  are  these  seams  that  they  beconie  a  notice- 
able feature. 

The  valley  for  the  first  twelve  miles  from  its  source  is  from  ono-fourth 
to  half  a  mile  in  width.  The  upper  portion  of  the  valley  is  volcanic, 
but  seems  to  have  cut  down  to  the  granites,  so  that  in  the  bottom  we 
travel  for  the  most  part  over  huge  granite-bowlders. 

About  twelve  mile^  down  the  stream  we  came  to  an  open  bottom  three- 
fourths  of  a  mile  wide,  covei'e<l  thickly  with  sage.  This  continued  about 
three  miles,  then  the  valley  closed  up  again  within  granite  walls,  and  the 
waters  of  the  stream  formed  a  beautiful  cascade.  Again  the  valley 
expanded  out  and  limestones  were  revealed  on  either  side  in  regular 
strata,  from  100  to  300  feet  in  thickness.  Again  the  valley  closed  up  in 
a  granite  canon,  and  soon  opened  out  into  the  valley  of  East  Fork.  It 
is  plain  that  the  valley  of  Slough  Creek  is  purely  one  of  erosion. 
Through  the  volcanic  rocks  and  the  limestones  the  waters  have  carved  a 
dean  smooth  channel,  but  immense  masses  of  granite  have  been  left  in 
the  lower  [>ortion  of  the  valle3\  The  surface  of  the  metamorphic  or 
granitoid  rocks  seems  to  have  been  very  irregular,  and  when  the  lime- 
stones have  been  stripped  off  by  denudation,  the  valley  would  be 
obstructed  by  masses  50  to  150  feet  high,  over  which  the  waters  seem 
to  have  rolled  for  ages  without  making  much  impression.  At  any  rate, 
the  evidence  is  clear  that  the  volcanic  rocks  and  the  limestones  yield 
far  more  readily  to  meteoric  agencies  than  the  granites. 

We  may  say,  in  conclusion,  in  regard  to  the  rocks  of  this  district, 
that  we  find  a  series  of  limestones  probably  of  Silurian,  and  containing 
.some  of  Carboniferous  age,  resting  upon  an  irregular  surface  of  meta- 
morphic gneiss,  and  upon  the  irregular  surface  of  these  limestones  reposes 
a  greater  or  less  thickness  of  volcanic  trachyte  and  conglomerate.  We 
tni^y  jtidge  of  the  different  elevations  at  which  we  find  the  granite  where 
the  i>eaks  capped  with  limestone  are  1,000  to  1,500  feet  higher  than  the 
valleys  with  the  rocks  holding  the  same  relations.  We  thus  see  that 
while  depression  of  some  portions  of  the  surface  may  come  in  as  an 
element,  yet  elevation  has  really  been  the  most  prominent  direction  of 
the  force. 

We  left  this  most  interesting  region  with  regret.  1  do  not  believe 
that  there  is,  at  the  present  time,  a  more  novel  or  interesting  portion 
of  our  continent  for  exploration  than  that  about  the  sources  of  the 
various  branches  of  the  Yellowstone,  from  the  Lower  Canon  to  the 
mouth  of  the  Big  Horn  River.  The  numerous  large  streams  like  the 
Bowlder,  Rosebud,  Rock  Creek,  Clark's  Fork,  Pryor's  Fork,  &c.,  cut 
deep  and  most  picturescpie  gorges  down  the  sides  of  the  mountains  until 
they  flow  out  into  the  i)lains.  We  have  probably  expressed  the  geology 
of  this  region  in  general  .terms  in  the  present  report,  but  the  amount  of 
interesting  detail  which  must  yet  be  wrought  out  before  the  formations 
can  be  colored  pro^x^rly  on  a  map  must  be  very  great. 

We  returned  to  our  camp  below  the  mouth  of  East  Fork,  and  the 
following  day  pursued  our  way  up  the  main  valley  of  the  Yellowstone. 
For  a  detailed  description  of  this  valley,  its  falls,  cafions,  hot  springs, 
&c.,  the  reader  is  relerred  to  the  Report  of  the  United  States  Geo- 
logical Survey  for  1871.  The  exploration  of  the  present  season  de- 
veloped but  little  that  was  new  in  this  region.    More  careful  instrinnental 
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obwrvations  were  made  by  different  members  of  the  party,  sod  some 
wlditional  facts  were  obtained  by  I>r.  Peale.  These  wtU  all  appear  id 
Bnbaeqnent  [>ortions  of  this  report  We  will,  tbecelbre,  pass  by  the  won- 
derful biiniiltic  colnmns,  wbiuh  nre  so  finely  shown  in  Fig.  0.  Tower  Palls, 
Fig.  g.  Grand  GafloD,  Upper 

and  Tjower  Falls  of  the 
VriloK-stoneiaswell  as 
iIk'  iiomerons  groups 
<j|'  lii)t  springs,  which 
ii]<- ulmndan^ can  only 
Im'  ;i)laded  to  io  gen- 
■.•\:i\  Kirmg.    BomeDOw 

'^ i«ofsininn  were 

a.liUil  to  tbe1ut,bat 
Liuiu-  that  tlirew  any 
jiddiiional  light  on 
tluii  histoiy.  There 
»re,  ao  donbt,  many 
small  gnmpsof  springs 
ye  I  nndlsoorered. 
I  Gin  wing  aooonnts 
I  were  givm  to  OS  of  a 
I  Torv  interesting  gnrap 
Tnt  tlie  very  soorce  <» 
I  the  West  Branch  of 
iGnrdiner's  Biver. 
1  When  the  National 
I  Park  has  been  ren- 
Iderf^tl  more  easily  ao- 
loessible  for  trav^erd, 
lmnii.v  ooilons  discoT- 
leric>8  will,  no  doubt', 
I  be  iDitde  which  will  la- 
Icrcasti  the  pablie  in- 
I  tereHt  in  this  wonder- 
I  fbl  region.  Theori^n 
lof  the  remaricable 
lls^C'basiu,  in  whidi  ' 
I  the  greater  part  of  the 
I  wonders  is  located,  is 
I  most  interesting  in  a 
Igeological  point  of 
I  view.  E  am  conriuced 
tbat  itisnotaltogether 
ouG  of  erostoii,  but  in  part  of  elevation.  It  seems  probable,  however,  that 
the  intense  volcaniu  action,  of  whieb  wc  see  everywhere  snch  unmistak- 
able indications,  occurred  at  a  very  modem  geological  period,  not  further 
back  tbiHi  the  Pliocene  period,  and  perhaps  even  not  Inter  than  what 
we  usually  denominate  the  Qnater;iary  or  Drift.  At  any  rate,  it  is 
probable  that  the  waters  sarrouuded  and  perhaps  covered  the  highest 
mountain -peaks,  inasmuch  as  we  not  only  find  drift- bowlders  u^wn 
most  of  tlic  loftiest  rauges,  but  the  volcanic  conglomerates,  tuffs,  &c., 
are  arranged  in  a  stratified  and,  for  the  most  pait,  liorizoutal  position 
as  high  as  the  most  elevated  peaks  in  the  Yellowstone  Basin.  On  the 
west  aide  of  the  lake  some  of  the  highest  peaks,  as  Pomeroy,  Langford, 
Stevenson,  Doane,  and  others,  ape  seemingly  huge-Tolcanic  conea,  com- 
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posrtl  of  comikict  tninhyte,  but  Rurrouiided  with  strntifled  hroccla  or 
coitftloiii^rate,  jiittiDg  iti>  agiiiiist  tliu  si<]i>8  and  renuliin;;  iioai'ly  or  quite 
to  tlif  Humiuita.  Iiiileed,  some  of  tbu  lii;;litfst  petvks  .in>  tipparciitly  niado 
up  i>r  tlu'  conglomerate.  Wo  may  conciiidi^,  uot  only  tbat  tbe  curving 
out  of  tbt'  cluinnel  of  tbe  Grnnil  Caiion  van  a  vory  niuileru  wont,  but 
tliut  tbe  (lepoMitioD  of  the  entire  nnitei'iiil  whii;])  forms  the  oinon  is,  iu  a 
^ologival  Htf  use, quite  a  modem  (itiuurrenee.  ThiMlntinageof  thecomitry 
commencetl  long  before  the  excavation  of  the  present  water-vonrsca,  but 
it  is  diBiirnlt  to  anawer  the  fjnestiou  bow  this  giVAt  di-aiiin^  was  bnni^bt 
about,  iinle>!s  we  aecoant  for  it  by  »  general  elevation  of  the  entire 
TOQiitry,  eradaally  sending  this  innueuiH'  lH>dy  of  water,  whieU  niust  Iiavc 
prcvuiletl  all  over  the  Northwest  at  least,  i>crba[)S  all  over  the  liucky 
Mountain  region,  westwanl  into  thn  Paeitie  and  eastward  into  the 
Atlautic.  Aa  the  waters  slowly  nnbsided  they  were  separated  into 
lakes  of  greater  or  less  size,  and  th<>ii  traine  the  excavation  of  the  Grand 
C^inoD,  wbivb  slowly  dniined  the  great  lake-basin  nlKtve  the  falls,  so 
that  now  we  have  only  the  uoii>|mrati\  ely  small  remnant,  the  Yellowstone 
Lake.  (Fig.  lU.)  Dtber small  fragments  are sctittered  about  in  tbe  vicin- 
ity, wbii^h  now  form  res(>rvoirs  for  the  local  drainage.  Undoubtedly  the 
game  series  of  remarkable  physical  events  occurred  in  Oicgim  and  in 
California  and  in  Idaho  ami  Washington  Tenitories,  and,  jierhaps,  far 
Houthu'ant  into  Mexico,  judging  IVoni  the  publisln-d  reports.  The  Hot 
Springs,  wliielt  are  nitw  slowly  tlyiiig  nut,  are,  of  course,  tbe  last  of  this 
seriett  of  events.  The  evidence  weuis  clear  that  all  over  the  West  dur- 
ing this  givat  period  of  volcanic  a<:tivity  the  hot  springs  and  perhajts 
even  geysei's  were  very  nuiuerous.  We  evwvwhcic  lind  the  remains  or 
depoKita  in  all  tlio  States  and  Territories  west  of  llie  Mississipjii,  and 
uowand  then  a  warm  or  hot  Bi>ring  i-tinmius  to  indiiule  tlie  story  of  their 
foruier  i>ojver. 

Fig.  II. 


;.  II  is  intended  to  ilbist  rate  the  probablo  aveniii>.'«  through  which  the 
uric  waters  jMissdowu  tliroti^h  the  rocks  to  tlie  healed  portioii.s.  At 
Springs,  about  si?i  miles  below  ihe  Yellowstone  Lake,  tlicre  is  a 

r./.t    ti-.i1T    iti'  (.■i^'ilf-      ..1.1. .It     ^/l    r....»     1.1. .-1.  IM.i..^    11-. .11     i^  ....1*-  1.    i...ii.i...i.t 


Fig.- 
metcoricu , 

Mnil  Springs,  about  tM.v    iimtn    mum    iiiv 

vertical  wall  of  basalt,  about  HO  leel  liigh. 


This  wall  is  only  a  rcianant 
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of  a  vast  masB  which  extended  all  alonj^  the  river,  Tmt  whi6h_hu  now 
been  diaaolved  lab 
are  very  regular. 


been  diaaolved  into  olBiy  of  Taiied  colors  oy  the  hot  Bpringa.    ^le  joints 


Iff  thi 
ityt 


III  my  teport  of  1871,  page  100  I  described  the  Hot  Spring  moonds 
bu  extended  into  the  lake  from  the  shore,  and  stated  that  a  person 
m  ght  stand  opon  the  sil  ceons 

moDTid   «  end    he  fish  ng  rod 


the  hifrii  platean.  Pig.  13  represents  one  of  these  elevated  bodies 
of  water  which  will  always  be  inveBted  with  a  charmiog  interest 
on  account  of  their  romantic  pictnresqneness.  Fig.  13  shows  our  camp 
at  night  after  the  party  had  made  a  long,  tedious  march  from  the  Tel- 
lowstone  Lake  on  the  way  to  the  source  of  tbe  East  Fork.  Fig.  14 
represeuts  the  party  on  horseback  as  it  left  the  camp  the  following 
morning.  The  cuts  were  engraved  from  photographs  taken  by  Mr, 
Jackson.  The  photographs  show  the  whole  party  reflected  in  a  remark- 
able manner  in  the  clear  wat«i8  of  the  lake. 
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Tlie  liot  si>riiig8  ami  fivynPTfi  of  tlip  Yullowatoin'  iiml  M:i(li>niii  were 
BO  lull}' (If scribetl  luat  vcir,  iind  atv,  with  WHiKidoiublt^  iK-tiiil,  iKitici-d  in 
the  i)rt's<.'iit  wport  by  I>r.  IVale  and  Pi-ufessor  Urudlvy,  tlint  1  hnw;  yiveii 
tlieni  Init  littli)  attcution.  I  will  itsfur,  liowever,  for  a  muiiH-nl:,  t<>  a  few 
iUiiKtnitioiis,  and  among  tbeiii  tlie  fine  one  which  I  am  ppi-itiiued  to  use 
in  this  i-eport  by  the  courtesy  of  tbo  editors  of  the  Illuatratcd  (Jliiistiaii 


Weekly.  The ciiis  wore  ouyravod  fioiii  j.lioloyiiiidiM  iiiktii  l.v  Mr..liii-k. 
son.  of  tlie  siu'vcv.  diirinfrthosniiitiicr  of  1.S71.  T!ic  "lliil  y]iiiii;j  Cniic" 
wc  called  llic  ■'  Fish-I'ot,"  from  tho  ftict  Ilmt  it  cxti'iiilt-d  cut  inio  the 
lake  scvfial  fi'ct,  so  Hint  oih'  cniilil  stniid  im  llic  silirt'oiis  tiimiud  and 
book  tlie  trout  from  tlio  I'oldvuti'is  <il  liic  ])ik<-,  mid,  ivillxiiit  moving', 
Wl  tbcni  in  tlic  sti-iimiiitrhot  wMvr  ui*  tin-  spiiiii.'.  Tlicrc  seemed  to 
be  no  conneetiun  between  tlte  online  of  Ihellut  S[i]iii^  :iiid  tlu' eold 
vater  aroiiiid.    In  the  iiiijir  ii;:ht-huud  eoriier  i-;  the  Ciistlc  (icjser. 
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aiul  the  most  l)€aiitiful  spring  m  tbe  UpiKT  Geyser  Basin  of  the  Madi- 
son. The  Grotto  and  Giant  Geysers  are  lirst-chisa  s|)outer.s,  throw- 
ing a  eolurnn  of  water  np  from  100  to  200  feet  and  continuing  the  oper- 
ation from  one  to  two  lionrs.  The  "Boiling  Spring,''  at  Sulphur  Moun- 
tain, is  located  in  the  valley  of  the  Yellowstone,  about  ten  miles  below 
the  lake,  at  a  locality  known  as  the  "Seven  Hills.''  It  is  indicated  on 
the  chart  in  the  report  of  1871,  page  88,  and  described  on  page  89.  This 
spring  is  known  as  the  Sulphur  Spring,  and  the  open  portion  is  about 
15  i'eet  in  diameter.  The  ornamentation  about  this  spring  is  beautiful 
in  the  extreme.  At  the  lower  right-hand  corner  is  a  small  sketch  of  the 
Calcareous  Springs  on  Gardner's  Kiver,  with  the  curious  terracres  and 
bathing-pools  which  w^ere  described  in  deUiil  last  season. 

So  far  as  we  could  ascertain  in  our  explomtioua,  all  the  rocks  about 
the  sources  of  the  Yellowstone  and  the  Madison  are  of  volcanic  origin. 
It  Is  true?  that  in  the  valleys,  the  veiy  modern  lake-deposits  reach  a 
thickness  of  several  hundred  i'eet,  but  they  are  seldom  taken  into 
acc'onnt  as  distinct  geological  formations.  Still,  they  aiv.  found  every- 
w  here  in  the  valleys.  The  foot-hills  that  border  the  Yellowstone  Valley 
between  the  falls  and  the  lake  are  entirely  made  up  of  them,  and  must 
have  an  aggregate  thickness  of  GOO  to  800  feet  at  least.  Between  the 
Yellowstone  Valley  and  the  head-waters  of  Madison  and  Snake  Kivei'S, 
these  modern  deposits  are  seen  everywhere,  tilling  up  the  inequalities 
of  the  surface  of  the  underlying  volcanic  rocks,  and  giving  a  rounded 
smoothness  to  the  i)resent  surface.  They  form  the  soil  npon  which  the 
existing  vegetation  grows.  These  deposits  are  all  [)lainly  local  in  their 
origin  ;  that  is,  they  are  derived  from  the  rocks  in  the  immediate  vicin- 
ity, i»r  within  the  limits  of  the  drainage  in  which  the  specific  beds  are 
found.  For  example,  the  inodern  lake- deposits  of  the  Yellowstone 
Basin  were  all  derived,  so  far  iis  I. could  observe,  from  the  locks  within 
the  limits  of  the  drainage  of  the  Yellowstone  Kiver  above  the  falls. 
The  local  origin  of  the  modern  drift-deposits  seems  everywhere  appar- 
ent. Th(»  same  dejiositsare  found  to  a  less  extent  in  the  Geyser  Basins 
of  the  INladison.  On  the  west  side  of  the  Madison,  above  and  below  the 
junction  of  East  Tork,  the  blutt"  bank  is  400  to  500  feet  high,  composed 
of  trachyte,  in  the  basin  are  a  number  of  long,  h>w  ridges  or  hills, 
composed  of  por])hyritic  obsidian  and  trachyte,  which,  I  think,  are  only 
thi'  rcniniints  of  the  great  continuous  mass  out  of  which  the  entire  valley 
has  been  carved.  The  Twin  Buttes  are  also  partially-disconnected  i)or- 
tions  nciirer  the  high  trachyte  ranges  that  border  the  basin.  Mucli  of 
tlic  rock  is  made  up  of  rounded  masses  with  a  radiate  structure,  as  if 
the  igneous  rocks  were  partially  crystalline;  other  masses  are  com- 
l)osc(l  of  concentric  coats,  with  cavities  tilled  with  fehlspar,  which, 
4hM'oinposing  readily,  give  to  the  extensive  surface  a  rough  aj)pearance. 
From  tile  junction  of  East  Eoik  down  six  miles,  the  I^Iadison  tlows  very 
majestically  and  most  beautitully.  The  banks  are  h)w,  and  fringed  with 
vegetiition  of  the  most  vivid  gi*een,  wiiile  visible  through  the  water,  the 
patches  of  vegetation  give  a  most  pleasing  variety  to  the  cnrrent.  The 
warnit  h  of  tiie  water  seems  to  have  given  a  kind  of  tropical  Inxuriance  to 
the  vegetation,  stimulating  to  an  unnatunil  growth.  There  comes  a  series 
of  rapids  of  great  beauty,  with  walls  on  the  west  side  (JOO  to  800  feet, 
rising  nearly  vertically,  and  conipostHl  of  layers  of  trachyte.  ^Mueli  of 
it  is  iiiadi*  nj)  of  ronncled  masses  Irom  tin*  size  of  a  ])ea  to  several  inches 
in  diameter,  eitln^r  with  a  semi  (Mvstalline  radiate  structure,  or  tilled 
inside  with  feldspar.  The  east  side  of  the  Madison  recedes  in  step-lik« 
hills  or  ridges,  until  a  certain  elevation  is  reaelied,  when,  as  far  as  the 
eye  can  reach,  nothing  can  be  seen   but  a  dense  forest  of  pines.     \Vt3 
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camped  the  night  of  Angust  21  in  a  very  romantic  pUice,  at  the  junc- 
tion of  Gibbon's  Fork  with  the  Madison.  Gibbon's  Fork  is  a  beanliful 
stream  that  flows  into  the  Madison  on  the  east  side,  about  100  feet  wide, 
quite  unknown  on  any  of  our  maps.  We  have  named  this  stream  in 
honor  of  General  John  Gibbon,  United  States  Army,  who  has  been  in 
military  command  of  Montana  for  some  years,  and  has,  on  many  occa- 
sions, rendered  the  survey  most  important  services. 

About  half  a  mile  up  Gibbon's  Fork  on  the  west  side  are  some  very 
interesting  hot  springs.  They  are  located  ne&r  the  immediate  base  of 
the  hills  that  inclose  the  valley,  elevated  about  100  feet  above  the  bed 
of  the  stream,  and  cover  several  acres  with  their  i>eculiar  deposit.  The 
varied  colors  of  the  jelly-like  substance  were  fine,  and  other  vegetable 
forms  are  abundant.  Several  quite  large  streams  flow  away  from  the 
springs  in  winding  channels,  with  beautifully-scalloped  edges.  One 
large  spring  forms  a  reservoir  about  200  feet  long,  and  on  an  average 
50  feet  wide.  At  one  end  of  this  reservoir  are  two  orifices,  one  quite 
large  in  mass,  two  feet  or  more,  boiling  constantly.  There  is  also  a 
small  side-orilice.  From  the  sides  of  the  hill  several  small  hot  springs 
flow  into  the  reservoir  along  most  elegantly-ornamented  channels.  If 
it  were  not  for  the  greater  and  more  important  group  of  springs  above, 
this  small  group  would  attract  much  attention  at  some  future  period. 
The  old  deposit  has  now  become  dry,  but  it  was  formed  into  quite  large 
terraces,  somewhat  like  those  made  by  the  calcareous  springs,  with 
larger  reservoirs  or  pools,  instead  of  the  more  delicate  ones  in  the 
Geyser  Basin.  In  the  reservoirs  and  along  the  channels  of  the  living 
springs  are  most  beautiful  masses  or  locks  of  vivid  green  confervoid 
vegetation,  floating  in  the  water  like  locks  of  wool.  There  are  several 
other  fine  springs,  but  mostly  of  low  temperature,  with  the  inner  surface 
of  the  basins  covered  over  with  a  thick,  deep,  rusty-yellow,  leathery  sub- 
stance, which  gives  them  the  look  of  a  tan  vat.  The  rocks  on  either  side 
of  the  Madison  are  trachyte,  but  apparently  arranged  in  vertical  layers, 
so  that  the  river  seems  to  have  worn  its  channel  through  them.  The 
rocks  af)pear  as  if  they  had  originally  been  formed  in  horizontal  layers, 
but  had  been  tilted  up  subsequently  into  a  nearly  vertical  position  ;  but 
it  is  probable  that  this  slaty  fra^ifnre  is  due  to  some  process  of  cooling. 
In  the  caii(m  where  the  walls  rLse  on  either  side  to  a  vertical  height  of 
800  to  1^*100  feet,  there  is  no  evidence  of  any  tilting  of  the  rocks  of  mod- 
ern ilate.  The  valley  through  the  cafion  is  about  300  yards  wide,  cov- 
ere<l  thiirkly  with  small  i)ines.  About  five  miles  down  the  cafion  on  the 
right  side,  there  are  rather  im per I'ect  basaltic  columns.  In  one  instance 
a  most  picturesque  arch  is  formed.  On  the  summit  of  the  canon  there 
is  a  bed  of  somber-brown  rock  that  looks  like  basalt.  The  lower  por- 
tions, which  we  have  usually  called  trachyte,  probably  cooled  under 
considerable  pressure  and  is  older,  while  the  basalt  is  the  result  of  a 
second  outflow  under  far  less  pressure,  is  less  compact  and  yields 
readily  to  meteoric  agencies. 

Alter  passing  through  the  canon,  which  is  about  eight  miles  in  length, 
we  came  out  into  a  vast  basin  with  a  remarkable  system  of  terrain's  on 
both  sides  of  the  ^ladison.  The  liver  is  beautiful  in  its  quiet  flow. 
The  water  is  shallow,  clear,  and  at  the  bottom  the  bright  vegetation 
may  be  seen  like  little  green  islands.  As  we  ('ome  out  of  the  canon  we 
have  the  bold  basaltic  i)eaks  about  the  sourc(»s  of  Gardiner's  River, 
extending  down  between  the  Yellowstone  and  the  Madison;  on  the 
south  is  the  long,  low  wooded  divide  between  the  waters  of  the  Madison 
and  Snake  Rivers,  very  seldom  rising  above  7,000  or  8,000  feet;  on  the 
west  side  of  the  basin  is  the  grand  range,  which  extends  on  both  si<les  of 
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tlio  Madison,  tliroiigb  which  the  river  has  carved  the  Middle  Cafiion.  The 
iiuMleiii  deposits  iu  tliis  basin  are  quite  extensive,  reaching  an  H|]|^gre- 
gale  thickness  of  400  to  800  feet,  but  they  are  composed  mostly  of  vol- 
canic sand  and  gravel  or  coarse  drift-material,  much  woni,  with  ouly  a 
small  proportion  of  the  light-gray  marls,  which  we  find  so  abundant  in 
the  valley  of  the  Three  Forks.  Vast  quantities  of  rounded  bowlders 
are  scattered  over  the  surface,  all  of  which,  so  far  as  I  could  ascertain, 
are  ol"  volcanic  origin.  This  basin  is  mostly  covered  with  a  thick  growth 
of  i)ines,  with  here  and  there  open  meadow-like  si)aces  or  parks. 

Tiom  this  basin  we  made  a  short  side-trip  to  Henry's  Lake,  which 
forms  the  source  of  one  of  the  main  branches  of  Snake  River.  After 
travt'ling  several  miles  across  the  bottoms  though  dense  pine-woods, 
\\v  came  out  near  a  good-sized  stream,  which  flow^s  into  the  Madison 
from  the  west.  Crossing  this  we  have  a  broad  open  meadow  for  several 
miles  until  we  reach  the  Taligee  Pass,  which  leads  over  to  the  valley  of 
Demy's  Fork.  The  scenery  was  very  attractive  in  every  direction. 
This  branch,  which  has  never  yet  been  laid  down  on  any  of  our  maps, 
is  about  100  feet  wide,  and  on  an  average  one  foot  di^ep,  and  winds 
most  sinuously  through  the  low,  boggy  bottom.  We  followed  the  old 
Taligee  trail  to  the  Fast  or  Tahgee  Pa  <s,  named  years  ago  after  the  head- 
chiet'  of  the  Bannacks.  This  is  a  low  level  pass  over  which  a  coach  and 
four  might  travel  on  a  gallop.  It  is  underlaid  mostly  with  limestones, 
but  as  we  approach  Henry's  Lake,  the  quartzite  and  gueissic  rocks 
ap]>ear  beneath  the  limestones.  The  lower  portion  of  these  unchanged 
rocks  are  pebbly  iU'enaceous  limestones  and  sandstones.  The  i)ebble8 
arr  much  worn,  and  are  either  quartz  or  micaceous  gneiss,  showing  that 
Ihr  sediments  were  derived  directly  from  the  metamorphic  rocks. 

In  this  pass  there  is  a  group  of  huge  heml(K*.ks  that  will  at  once  arrest 
tile  tiaveler's  attention.  They  seem  to  belong  to  another  age.  There 
arc  ten  of  them,  and  several  others  have  perished.  They  are  four  to 
six  ItM^t  in  diameter,  and  rise  to  a  height  of  100  to  350  feet.  Thisgronp 
of  tn»es  is  the  more  conspicuous  from  the  fact  that  they  are  larger  than 
any  others  in  this  region,  and  have  a  very  ancient  appearance. 

Tlieie  is  one  peculiarity  of  the  tree- vegetation  all  over  this  ])ortion  of 
tin*  West,  that  it  has  a  iresh,  young  look.  The  pines  are  seldom  more 
tliiin  two  feet  in  diameter,  sending  up  a  straight  stem  100  to  150  feet 
hi;,ni,  and  a  large  aged  pine,  or  tree  of  any  kind,  is  a  landmark  aa  well 
as  a  curiosity.  We  ascended  the  mountains  on  the  north  side  of  Henry's 
Lake,  and  from  this  point  obtained  a  line  view  of  the  country*  in  every 
dirertion.  The  view  down  Henry's  Fork  was  renuirkably  fine.  The  air 
w  as  clear  and  pure,  and  the  valley  to  the  Junction  with  Snake  IJiver  was 
si)read  cmt  like  api(!ture,  while  the  magnilicent  range  of  the  Tetons,  fall 
iilty  miles  distant,  seemed  not  half  that  distance.  The  metamorphic  rocks 
are  best  shown  on  the  west  side  of  this  range.  Henry's  Lake  was  at 
our  feet,  shallow  and  full  of  little  islands,  only  a  remnant  of  its  former 
self.  To  the  west  there  is  a  beautiful  grassy  valley,  with  a  small  stream 
that  Hows  into  Henry's  Lake.  This  valley  leads  up  to  the  divide  from 
which  the  west  fork  of  the  Madison  takes  its  rise.  South  of  this  val- 
ley there  is  a  belt  of  metamoriAiic  rocks  extending  off  far  to  the  west, 
rising  800  to  l.L'OO  feet  above  the  lake.  On  the  south  side,  and  extend- 
ing to  the  southwest  toward  IJed  Kock  Lake,  is  another  valley,  which 
forms  a  beautiful  pass.  The  low  belt  of  mountauis  between  these  two 
passes  is  grasse<l  over  or  thinly-wooded  with  pines.  While  the  range 
on  the  soutli  side  of  the  lake,  which  extends  otf  in  a  southwest  direction 
from  Henry's  Fork  Valley,  is  very  heavily  timbered.  This  is  a  tine 
range,  and  is  at  this  time  covered  with  large  patches  of  snow.    The 
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first  penk  to  the  east  is  about  10,000  feet,  the  second  peak  10,500,  aud 
the  third  peak  in  the  range  10,000  feet.  This  will  afford  some  idea  of 
the  general  elevation  of  these  mountains.  On  the  east  side  the  mount- 
ains gradually  bend  down  to  the  valley,  but  are  covered  with  a  dense 
growth  of  |)ine8.  Far  southward  extends  the  valley  of  Henry's  Fork — 
a  marvel  of  lK*auty  and  freshness.  The  upper  portion,  for  an  extent  of 
twenty  to  twenty-five  miles  in  length  and  five  to  ten  miles  in  breadth,  is 
like  a  meadow,  covered  with  a  luxuriant  growth  of  grass;  while  flowing 
from  the  lake  and  winding  through  the  middle  of  the  valley,  receiving 
on  either  side  numerous  branches,  is  Henry's  Fork.  Still  farther  south- 
ward is  a  dense  black  mass  of  pines,  and  just  on  the  dim  horizon,  more 
than  one  hundred  miles  distant,  is  the  range  of  mountains  that  forms 
one  si<le  of  the  rim  of  the  Snake  River  Basin  near  Fort  Hall.  North  of 
this  is  the  wonderful  Teton  Basin,  which  is  also  like  a  meadoW.  To 
the  southeast  the  shark-teeth  summits  of  the  Grand  T6tons  are  most 
conspicuous  and  clearly  defined,  rising  so  high  above  all  other  mountain- 
peaks  that  they  stand  isolated,  monarchs  of  all.  To  the  northeast  of 
the  Tetons  there  is  a  broad  extent  of  tableland,  with  a  general  eleva- 
tion of  S,tK)0  to  8,500  feet,  covered  with  a  dense  growth  of  pines.  This 
phiteau  is  ])robably  covered  with  volcanic  rocks.  On  the  east  or  north- 
east is  tht»  Tahgee  Pass,  and  Bannack  Trail,  which  cuts  through  a  range 
of  mountains,  the  highest  peaks  of  which  are  9,000  feet,  down  the  east- 
waid  slope,  to  the  pine  table-lands  about  the  sources  of  the  Madison  and 
Yellowstone.  Nearly  all  the  rocks  on  the  southeast  side  of  the  Tahgee 
Pass  are  volcanic.  Yet  on  the  sides  of  the  pass  are  a  few  outcroppings  of 
limestone.  We  know  that  the  limestones  are  underneath  the  trachytes. 
Tbe  area  occu[)ied  by  the  different  kinds  of  rocks  can  only  be  shown  by 
colors  on  the  geological  map,  which  will  be  prepared  in  due  time.  On 
the  north  side  of  Henry's  Lake  is  the  range  of  mountains  which  forms 
the  divide  between  the  Snake  and  Madison  Rivers,  and  through  which 
the  ^ladison  cuts  its  way  in  forming  its  Middle  Caiion.  Henry's  Lake 
is  a  fine  illustration  of  a  remnant,  dating  back  probably  to  Pliocene 
times,  when  all  these  valleys  were  filled  with  water,  perhaps  connecting 
the  drainage  of  the  Missouri  with  that  of  the  Columbia,  and  as  the 
waters  subsided,  formed  the  vast  chain  of  lake-basins  along  all  the  im- 
portant streams  on  both  the  Atlantic  and  Pacific  slopes,  of  which  our 
present  lakes  are  only  insignificant  remnants. 

I  have  no  doubt  that  the  lowest  strata  of  unchanged  rocks  about 
Henry's  Lake  are  Silurian,  probably  of  the  Potsdam  grou]),  but  I  looked 
in  vain  for  any  traces  of  organic  remains.  The  Carbonifenms  limestones 
higher  up  were  filled  with  characteristic  fossils.  I  regard  this  as  one 
of  the  most  interesting  geographical  points  in  the  West.  Within  a  cir- 
cle of  about  fifteen  miles  in  diameter  there  are  four  most  important 
passes  in  the  Rocky  Mountain  divide,  which  may  represent  the  four 
points  of  the  compass.  The  East  or  Tahgee  Pass  connects  the  Yellow- 
stone National  Park,  the  sources  of  the  Madison,  and  the  Y'ellowstone, 
with  the  Pacific  coast.  It  has  an  elevation  of  7,063  feet.  The  second 
may  be  called  the  North  or  Kaynolds  Pass,  and  leads  from  the  Snake 
Valley,  by  way  of  Henry's  Lake,  over  a  smooth,  grassy  lawn,  into  the 
Lower  Madison  Valley.  The  third  is  the  Red  Rock  or  West  Pass,  which 
opens  into  the  valley  of  the  Jefterson  by  way  of  Red  Rock  Lake,  and  is 
as  smooth  and  as  easily  traveled  as  the  Madison  Pass.  The  South  or 
Henry's  Pass  completes  the  circle,  and  is  lower  than  either  of  the  other 
three.  The  ease  with  which  railroads  or  wagon  roads  can  be  constructed 
across  these  great  divides  is  almost  incredible  to  one  that  has  not  made 
them  a  subject  of  study,  and  the  great  ai-ea  of  valuable  territory  which 
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mav  be  opened  to  aetHement  through  them  may  entitle  them  to  the  ap- 
pellation of  the  Great  Oatewaya  of  the  Weat. 

On  the  night  of  Aogoat  24  we  camped  at  the  apper  end  of  the  Mid- 
dle Canon  of  the  Madiaon,  and  here  remained  a  day  w  two  in  the  midat 
of  most  instructive  illostrationa  of  mountain-aoenery.  ISie  relatione  of 
the  limestones  to  the  metamorphio  rocks  below  are  moat  clearly  ahown. 
The  strata  have  been  lifted  np  in  maaa  at  variona  elevationa,  and  the  oat- 
cropping  edges  have  been  smoothly  worn  of^  ao  that  the  line  of  aepai** 
tion  is  unmistakable.  There  is  always  a  want  of  oonfonnily.  The  lime- 
stones sometimes  ci^  monntain-peaka  that  are  fall  10«00ft  fleet  higlL 
Terrific  chasms  have  been  cut  deep  down  through  the  limestones  into 
the  metamorphio  rooks  in  every  direction  ftom  1,000  to  2,500  feet  deepw 
^^be  geology  is  as  easily  read  as  in  the  pagea  of  an  open  book.  The 
admirable  sketches  of  Mr.  Holmes  cuinot  mil  to  make  the  relations  of 
the  strata  clear  to  the  general  reader  as  well  as  the  profesoonal  geolo- 
gist 

The  valley  of  the  Madison  above  the  Middle  Oafion  ia  a  marvel  (rf 
picturesque  beauty.  The  descent  must  be  slight,  for  the  river,  with  the 
branches  which  come  in  on  either  side,  meanders  through  the  grasqr 
meadow  with  the  most  remarkably  sinuous  coarse  I  have  ever  seen. 
The  skillful  landsoape-mrdener  could  gather  some  naefnl  hints  in  hb 
art  from  this  region.  The  channel  appears  as  though  it  had  been  cat 
out  by  the  hand  of  art,  and  the  little  islands  in  the  channel  are  of  ev^ 
conceivable  form  and  of  great  beauty.  Although  only  a  portion  of  this 
basin  comes  within  the  limits  of  the  park,  yet  this  lower  portion,  with 
such  a  mar^'ellously  beautifial  landsoai^  will  ever  remain  one  of  the  won- 
ders of  this  region  iu  a  purely  esthetic  point  of  view.  As  a  stndy  for 
the  artist  I  have  nowhere  seen  any  view  of  the  kind  that  could  compare 
with  it,  and  I  now  call  attention  to  it  as  one  of  the  attractive  pointa  tor 
visitors  at  some  period  in  the  futore.  In  the  lower  half  of  the  baain 
there  is  but  little  pine-timber,  and  high  up,  on  both  the  east  and  west 
branches,  which  enter  the  Madison  near  together  at  this  point,  the  snr* 
face  is  covered  with  a  luxuriant  growth  of  grass.  I  estimated  that  the 
grass-land  in  the  lower  portion  of  this  basin  exoeede<l  one  hundred  and 
fifty  square  miles.  The  slopes  from  the  base  of  the  mountains  on  either 
side  down  to  the  river  are  most  admirable  illustrations  of  lawna  on  a 
grand  scale.  The  bottom  ascends  to  the  foot  of  the  mountains  with  a 
very  gentle  slope,  and  the  latter  rise  abruptly  with  almost  inaccessible 
sides.  The  East  Fork  rises  near  Mount  Gallatin  and  receives  a  portion 
of  its  waters,  and  winds  its  sinuous  course  through  the  basin  for  a  dis- 
t-ance  of  twenty  to  twenty-five  miles.  This  fork  seems  to  drain  the 
entire  range  west  of  the  sources  of  the  Gallatin,  about  twenty  or  thirty 
miles  in  length,  and  a  stream  about  150  feet  wide  and  1  foot  in  depth, 
on  an  average,  is  the  result  The  four  branches,  which  we  find  entering 
the  Madison  below  the  Lower  Geyser  Basin,  are  very  handsome  streams 
and  about  the  same  size.  For  several  miles,  before  reaching  the  imme- 
diate entrance  to  the  Middle  Caiion,  the  valley  slowly  closes  up,  and  on 
either  Hide  some  very  interesting  facts  may  be  read.  On  the  east  side 
of  the  Madison  the  limestones  are  remarkably  well  exposed,  but  incline 
at  all  an<(les.  I  found  it  difficult  to  obtain  any  local  dip  that  would 
apply  over  large  areas.  There  is,  however,  a  system  in  the  aggi*egato, 
and  [  think  the  general  inclination  is  south  and  southwest.  The  lower 
beds  of  limestones  ai-e  very  cherty,  brittle,  and  entirely  destitute  of  fos- 
sils. My  entire  party  searched  diligently  for  a  day  or  two  and  no  trace 
of  life  couhl  be  i'ound,  but  in  the  upper  limestones  great  quantities  of 
moUusca,  corals,  &c.,  characteristic  of  the  Carboniferous  period,  were 
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obtained.  Thick  beds  of  limestone  were  entirely  composed  of  an  aggre- 
gate of  these  fotjsils.  Most  of  them  were  in  an  excellent  state  of  pres- 
ervation. The  lower  beds  donbtless  belong  to  the  Potsdam  epoch.  It 
is  barely  possible  that  some  other  divisions  of  the  Silurian  occur 
between  the  Potsdam  group  and  the  Carboniferous,  but  as  yet  we  have 
no  evidence,  and  until  it  is  discovered  we  will  take  it  for  granted  that 
the  Carboniferous  limestones  and  the  Silurian  beds  are  in  apposition, 
and  that  they  all  rest  on  the  metamorphic  rocks.  The  limestones  seem 
to  dip  beneath  the  bsisin  on  the  south  side  of  the  range,  and  as  we 
ascend  the  high  and  almost  vertical  sides  of  the  mountain,  we  pass  ridge 
after  ridge  of  limestone,  each  inclining  at  a  greater  angle,  until,  on  the 
sommit,  they  are  vertical  and  stand  up  in  lofty  massive  walls.  Thus 
exposed  for  ages  to  the  elements,  they  have  been  weathered  into  the 
greatest  variety  of  columns  and  other  picturesque  forms.  Between 
these  ridges  are  beautiful  grassy  valleys,  2,000  and  3,000  feet  above  the 
river,  to  which  the  mountain  sheep  seem  to  delight  to  descend  from  the 
rocky  pinnsicles  to  graze. 

Near  the  head  of  the  Gallatin  there  is  a  very  prominent  cone-shaped 
mountain,  to  which  Captain  Raynolds  gave  the  name  of  Moun4;  Gallatin 
twelve  years  ago.  It  is  visible  from  a  great  distance  on  either  side, 
probably  lor  a  radius  of  fifty  miles.  On  each  side  of  this  peak,  and  in 
close  proximity,  are  two  smaller  peaks  of  nearly  the  same  height.  Mount 
Gallatin  is  al>out  10,000  feet  high,  while  the  smaller  peaks  are  about 
9,000  and  9,500  feet.  These  peaks  are  composed  mostly  of  limestones, 
and  the  intermediate  space  to  the  canon  of  the  Madison,  a  distance  of 
thirty  miles,  is  occupied  to  a  great  extent  with  these  rocks.  I  have  no 
doubt  that  in  the  divide  between  the  Gallatin  and  the  East  Fork  some  of 
the  more  modern  beds  occur.  Dr.  Peale  found  the  Jurassic  beds  at  one 
locality  on  the  East  Fork  rising  uj)  from  beneath  the  limestones.  It  is 
probable  that  here  there  has  been  an  inversion  of  the  strata,  as  we  find  to 
occur,  in  a  marked  manner,  only  a  few  miles  below.  Basaltic  rocks  are 
found  to  a  greater  or  less  extent  everywhere  among  the  limestones,  some- 
times at  the  base  of  the  mountains,  and  again  at  the  summits  or  high  up 
on  the  sides.  The  igneous  material  seems  to  have  issued  forth  from  fis- 
sures whenever  a  favorable  opportunity  presented  itself.  The  gorges 
are  quite  remarkable.  In  some  places  the  waters  seem  to  have  gcmged 
out,  as  it  were,  a  semicircular  mass,  with  a  vertical  descent  of  1,200  to 
1,500  feet,  and  on  the  sides  the  massive  strata  of  limestone  are  worn 
into  columns  or  pinnacles,  so  unsteady  in  their  position  that  the  loose 
rocks  may  be  pushed  over  into  the  gorge  below.  The  bottom  of  the 
caiion  is  full  of  debris^  and  doubtless  ice  had  much  to  do  in  wearing 
these  very  curious  and  immense  gorges  into  the  mountainside.  What 
may  be  called  the  secondary  series  of  hills  or  ridges  are  2,000  to  2,500 
feet  above  the  Madison,  while  the  higher  peaks  rise  3,000  to  3,500  feet, 
and  here  and  there  a  peak  sends  its  sharj)  summit  4,000  feet  or  more. 
The  proofs  of  erosion  ai-e  everywhere  on  the  most  gigantic  scale.  The 
canon  has  been  worn  out  in  the  same  manner  as  those  on  the  Yellow- 
stone,  but  in  the  mean  time  the  narrow  channel  doubtless  became  gorged 
from  time  to  time.  The  basin  which  we  have  attempted  to  describe, 
which  is  about  thirty  miles  in  length  an<l  ten  to  fifteen  in  breadth,  was 
once  a  fresh-water  lake,  but  the  water  slowly  wrought  its  way  through 
this  high  range  of  mountains.  Near  the  immediate  entrance  of  the 
canon,  on  the  east  side  of  the  river,  there  is  a  short,  high,  terrace  like 
ridge,  about  one-fourth  of  a  mile  long,  250  feet  high  above  the  bed  of  the 
river,  paved  on  the  surtiice  with  rounded  bowlders,  and,  1  have  no  doubt, 
made  up  of  a  local  drift.    The  upper  end  is  quite  abrupt,  steep,  and  at 
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tliis  point  ill  the  side  of  the  monntain  there  is  a  small  eaiion,from  which 
a  coDsidenible  amount  of  water  must  flow  at  certain  seasons  of  the 
year,  and  the  materials  from  this  caiion  may  have  assisted  in  building 
up  the  ridge.  I  have  no  doubt,  however,  that  the  upper  portion  of  the 
caiion  has  been  at  some  period  fille<l  up  with  loose  bowlders  and  drift 
transported  from  above,  and  when  the  gorge  broke  away,  most  of  it 
was  carried  down  the  river,  but  that  this  portion  was  in  some  way  pro- 
tected. The  entire  valley  lietween  the  mountains  is  literally  paved  with 
rounded  bowlders,  and  there  is  no  doubt  that  this  same  coarse  material 
extends  beneath  to  a  great  depth.  In  the  caiion  itself  there  is  a  still 
more  prominent  ridge,  and  the  loose  rocks  on  every  side  are  much  larger 
and  more  abundant.  A  fine  stream  comes  into  the  river  from  the  mount- 
ains on  the  east  side.  This  little  stream  has  cut  a  narrow  gorge  for 
fifteen  miles,  with  walls  on  either  side  2,500  to  3,000  feet  high.  There 
is  an  abrupt  bend  in  the  river  just  above  this  ridge  of  bowlder-drift, 
which  may  account  in  part  for  its  accumulation  at  this  particular  spot 
The  c(Mitral  portions  of  this  range  are  mostly  micaceous  gneiss,  some 
parts  very  compact,  fine-grained,  steel-black  in  color.  The  variations 
in  texture  and  color  are  very  great,  as  is  usual  among  the  metamorphic 
rocks.  From  the  summit  of  the  high  ridge  on  the  e^st  side  of  the  river, 
at  a  height  of  about  9,600  feet,  we  were  able  to  take  in  a  large  scoi>e  of 
country,  and  study  out  the  character  of  these  rugged  mountain-peaks. 
In  this  range,  which  is  a  limited  one,  there  are  a  dozen  peaks  which  will 
reach  0,800  to  10,250  feet,  while  two  of  them  are  about  10,500  feet.  The 
rocks  are  all  metamorphic  or  gneissic,  and  remarkably  hard  and  com- 
pact, so  effectually  resisting  the  meteoric  forces  that  the  rocks  to  the 
summits  of  the  highest  peaks  are  as  sharp  and  angular  as  if  only  frac- 
tured within  the  present  season.  These  unworn  angles  give  a  peculiar 
sharp  ruggedness  to  the  view,  as  the  eye  passes  across  the  summits  of 
the  many  peaks  or  descends  into  the  innumerable  gorges  on  every  side. 
To  tli(»  east,  toward  the  valley  of  the  Gallatin,  the  strata  of  limestone 
may  be  most  clearly  seen  where  they  have  been  cut  down  in  the  gorges, 
>et  holding  a  great  variety  of  poisTitions.  Sometimes  they  dip  down 
suddenly  in  the  valley  and  pass  out  of  sight,  then  again  they  are  ele- 
vated bodily  to  the  summit  of  a  high  peak,  resting  on  the  metamorphic 
rocks.  On  the  west  side  of  the  Madison  there  are  three  or  four  peaks 
which  are  at  least  10,000  feet  high.  Among  these  mountain-gorges  we 
see  the  sources  of  the  myriad  small  branches  which,  in  the  aggregate, 
form  the  large  river.  Nestled  among  the  craggy  cliffs  are  here  and 
there  little  ponds  of  clear  water,  derived  i'rom  the  melting  of  the  snows, 
seldom  ever  seen  except  by  the  birds  and  the  game  that  visit  them  to 
quen<h  their  thirst.  The  tendency  of  all  these  gorges  is  to  work  their  way 
inward  toward  the  divide.  Great  masses  of  snow  and  ice  accumulate 
in  them  during  the  winter,  and  the  water,  flowing  down  am<m*g  the  frac- 
tured masses,  freeze-,  and  expands  with  a  lorce  that  year  by  year  teai-s 
down  a  jiortion,  that  falls  into  the  depths  below  and  is  swept  down  by 
the  torrent.  The  aggregate  of  tlie  forces  which  have  continued  in 
operation  through  a  series  of  ages,  which  no  man  can  determine  now, 
and  wliich  we  agree  to  denominate  meteoric  or  atmospheric,  are  the 
combined  action  of  water,  air,  and  ice.  Tiiese  forces  have  undimbtedly 
been  far  more  effective  in  ages  past  than  at  [)resent.  In  one  of  the 
gorges  which  lead  down  to  the  river  in  the  canon,  we  discovere<l  a 
complete  inversion  of  the  strata,  and  this  condition  of  things  was 
found  alterward  to  ju'evail  to  a  large  extent  in  these  mountain-ranges. 
1  would  reter  the  reader  to  Dr.  Peale's  report,  and  also  to  the  descrip- 
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tion  of  tlie  Gallatin  rauge  in  a  subsequent  chapter,  where  other  exam- 
ples of  iuvei'sion  of  strata  will  be  noticed. 

About  ten  miles  northwest  of  Lake  Henry,  below  the  Middle  Canon,  a 
small  stream,  which  has  its  origin  in  the  Eaynold's  Pass,  flows  into  Oiiff 
or  Wade's  Lake.  The  little  stream  has  cut  a  singular  gorge  through  the 
trachyte-rocks,  with  vertical  walls  400  to  600  feet  high,  runs  southwest 
about  two  miles,  turns  abruptly  south  around  a  point  of  trachyte  000  feet 
high,  and  continues  nearly  west.  This  lake,  which  has  not  been  noticed 
on  any  of  the  existing  maps,  is  said  to  have  no  outlet.  It  seems  to  be 
formexl  in  a  huge  Assure  in  the  volcanic  rocks,  and  is  surrounded  by 
lofty  nearly  vertical  walls. 

This  lake  was  carefully  explored  by  Mr.  Bechler,  and  the  beautiful 
map  of  it,  accompanying  this  reiK)rt,  was  prepared  by  him.  lie  says 
that  it  has  three  small  streams  flowing  into  it,  but  has  no  visible  outlet, 
but  the  surplus  water  probably  passes  under  the  basaltic  cap.  The  sides 
of  the  lake  are  so  steep  and  high  that  it  is  not  possible  to  travel  near 
the  shore,  but  Mr.  Bechler  ascended  the  high  cliJQfs  overhanging  the  lake 
and  obtained  a  beautiful  view  of  the  surrounding  scenery.  The  high 
basaltic  clifis  that  inclose  it  suggested  the  name  of  Clifl'  Lake.  Xear 
the  middle  of  the  lake,  there  is  a  small,  conical  island,  about  150  feet  in 
diameter,  but  rising  100  feet  or  moi^e,  covered  with  tall,  straight  pines. 
There  were  several  smaller  lakes  in  the  vicinity,  all  of  them  apparently 
formed  in  these  basaltic  fissures,  and  without  any  visible  outlet. 

The  valley  below  the  Middle  Caiion  gradually  expands  until  it 
becomes  six  to  ten  miles  in  width.  At  the  upper  end  of  the  valley  the 
terraces  do  not  show  as  well  as  below,  but  in  no  other  portion  of  the 
West  have  I  seen  so  uniform  and  so  beautiful  a  series  of  terraces  as  in 
this  basin.  I  point  this  out  here  to  the  reader,  who  may  ever  chance  to 
visit  the  country,  as  one  of  the  wonders  of  this  remarkable  region.  A.t 
the  upper  end  of  the  basin  the  terraces  are  quite  wdl  delined  and  show 
a  most  extensive  deposit  of  loose  material  at  the  bottom  of  the  lake. 
The  surface  of  the  entire  valley  is  covered  with  bowlders  of  greater  or 
less  size,  many  of  them  huge  massive  granite.  On  both  sides  of  the 
river  are  caps  of  basalt  covering  and  protecting  from  erosion  the  under- 
lying lake  deposits.  From  these  basalt-capped  hills  pr  terraces  I  infer 
that  the  motlern  lake-deposits  must  have  originally  been  from  500  to  800 
feet  thick,  perhaps  much  more.  The  river  has  cut  its  way  through  this 
deposit,  forming  in  some  instances  a  narrow  gorge  with  the  basaltic 
cap  on  either  side  like  a  high  terrace,  while  the  foot  of  the  ujountains 
on  both  sides  is  distant  from  half  a  mile  to  one  mile.  We  can  thus 
understand  pretty  clearly  what  must  have  been  the  thickness  of  these 
lake-deix>sits  immediately  after  the  outflow  of  the  igneous  matter.  As 
we  pass  down  the  river  all  this  btusaltic  floor  has  remained,  and  the 
entire  surface  of  the  valley,  from  side  to  side,  smoothed  like  a  lawn. 
Whether  there  wasone  period  or  several  of  outflow  of  basalt  I  cannotsUite 
positively.  Intlie  vertical  sides  of  the  river-channel  the  basalt  may  be  seen 
at  different  elevations,  but  nocontinuouslayers,  and,  therefore,  it  may  have 
fallen  down  from  the  summit ;  yet  I  suspect  there  were  several  periods 
of  outflow.  In  many  localities  the  basalt  is  exposed  in  the  form  of  a 
high  vertical  wall  with  a  partial  columnar  appearance.  It  also  varies, 
in  color  as  well  as  in  texture,  from  a  very  dark-brown  to  a  purplish-drab. 
All  the  lake-deposits,  as  well  as  the  igneous  rocks,  lie  in  horizontal  po- 
sition, and,  so  far  as  can  be  observed,  have  not  been  affected  by  any 
subsequent  movements.  We  may,  therefore,  infer  that  the  forces  which 
raised  the  surrounding  mountains  to  their  present  position,  and  tilted 
the  sti-ata,  operated  prior  to  the  existence  of  these  fresh- water  lakes. 
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basin  in  the  character  of  the  bowlder-deposits.  At  the  upper  end  of  the 
basiu  the  entire  surface  is  paved  with  rounded  masses  of  gianite  and 
basalt,  some  of  great  size;  but  as  we  descend  they  become  smaller  in  size 
and  less  abundant,  so  that  the  lower  portion  of  the  basin  reveals  a  con- 
sidenible  thickness  of  the  light^ip^ay  marls  and  sands,  which  give  evi- 
dence of  having  been  deposited  in  comparatively  quiet  waters.  So  thick 
are  the  bowlders  over  the  upi>er  half  of  the  basin  that  it  can  never  be 
used  except  for  grazinjj-purposea,  while  the  lower  half  is  already  occu- 
pied with  tine  farms.  The  rush  of  the  waters  through  the  Middle  Caiion 
must  always  have  been  very  great,  but  their  force  almost  entirely  sub- 
sided before  reaching  the  Lower  Canon. 

Between  the  Madison  Valley  and  that  of  Passamari  Creek  there  is  a 
long  somewhat  irregular  range  of  mountains,  the  geology'  of  which  I  can 
present  in  this  report  only  in  general  terms.    Although  the  structure  is 
comparatively  simple,  it  would  require  long  and  faithful  labor  to  work 
out  all  the  details.    The  general  elevation  is  not  great,  7,000  to  8,000 
feet,  and  only  two  or  three  peaks  rise  up  so  as  to  be  prominent,  Pyroxene 
Peak  and  Oid  Baldy.    As  usual,  the  nucleus  is  composed  of  the  various 
kinds  of  metamorpiiic  stnita,  with  effusions  of  igneous  rocks,  while  the 
unchanged  sedimentary  strata,  mostly  the  Paleozoic,  are  observed  at 
all  elevations  resting  on  the  granites.    The  evidences  of  erosion  are 
more  striking  in  this  range  than  in  the  mountains  between  the  Madison 
and  the  Gallatin,  probably  because  their  general  elevation  is  at  least 
1,500  to  2,(M)0  feet  lower,  and  they  were  mnch  longer  exposed  to  the 
wasting  influences  of  the  aqueous  forces.    Deep  canons  are  worn  into 
the  mountains  on  either  side,  and  the  numl)er8  of  old  dry  ravines  or 
gorges  are  almost  countless.    Prior  to  the  eft'usion  of  the  igneous  rocks 
the  greater  part  of  the  erosion  took  place,  though  comparatively  little  had 
been  done  to  produce  the  present  configuration.    The  skeleton  or  frame- 
work was  formed  of  the  nietaraori>hic  rocks  with  the  remnants  of  the 
Silurian  and  Carboniferous  strata  that  were  left  after  the  vast  work  of 
erosion,  which  occurred  prior  to  the  outflow  of  the  igneous  rocks.    In 
subsequent  erosions  the  latter  have  protected  the  sedimentary  beds  over 
a  great  area,  so  that  they  are  expovsed  in  little  patches  everywhere,  some- 
times on  the  summits  of  the  mountains  or  at  all  elevations  in  the  ravines 
or  canons.    {Sometimes  the  igneous  rocks  have  been  worn  awny  from 
the  surface  for  a  considerable  area,  leaving  a  greater  or  less  thickness 
of  the  limestones.    In  some  localities  they  present  a  great  vertical 
thickness  and  then  again  thin  out  or  disappear  entirely.    There  is  an 
interesting  but  obscure  feature  which  is  shown  in  the  mountains  on 
both  sides  of  the  Madison.    There  is,  in  restricted  localities,  an  enorm- 
ous development  of  a  very  hard  gray  quartzitic  sandstone,  apparently 
partially  metamorphosed.     It  evid(»utly  forms  the  underlying  rocks  of 
the  sedimentary  strata,  resting  on  the  strictly  metamorphic  gneiss.   The 
various  members  of  the  survey  have  examined  it  most  carefully,  but 
have  never  l>een  able  to  find  any  trace  of  organic  life,  yet  it  undoubtedly 
belongs  to  the  oldest  Silurian.    It  makes  its  appearance  quite  abruptly, 
with  a  thickness  of  1,000  to  2,000  feet,  and  as  abniptly  disappears  or 
thins  out.     It  is  well  shown  in  the  Middle  Canon  of  the  Madison  and  in 
the  lower  part  of  the  canon  of  the  Gallatin,  and  is  thinly  represented  in 
several  ether  localities.     We  nmy  say  of  all  these  different  groups  of 
strata  that  they  appear  at  times  in  grand  proportions,  and  are  soon  lost 
or  are  only  thinly  shown.    Along  the  east  side  of  the  Gallatin  River, 
above  the  Three  Forks,  at  least  1,000  feet  of  shales,  clays,  sandstones, 
&c.,  which  belong  undoubtedly  to  the  Potsdam  group  of  the  Lower 
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Siluriiui,  are  dearly  shown,  and  yet,  at  a  distance  of  thirty  miles  to  the 
uortlnvanl,  this  entire  group  seems  to  be  wanting. 

In  the  report  of  the  survey  of  last  season  1  described  the  country 
about  Vir«;inia  City  in  brief  terms,  and  but  little  more  can  be  added 
from  t  he  examinations  of  the  present  season.  Alder  Gulch  is  well  known 
to  the  mininiif  world  iis  one  of  the  ricshest  plae>ers  in  the  West.  It  is 
estimated  that  about  thirty  millions  of  gold  have  been  taken  out  of  it. 
The  bowhlerdrift  is  a  marked  feature  in  the  gulch.  Upon  the  sides  of 
the  hills  patches  of  black  basalt  may  be  seen  in  considerable  numl>er8, 
iu(li(;ating  the  very  latest  i)eriod  of  eruption.  The  older  trachytes  also 
occur  on  both  sides  of  the  gulch,  which  have  been  erupted  at  different 
l)eriodsand  have  overflowed  the  gneissic  rocks.  None  of  theigueous  rocks 
observed  by  me,  however,  were  oUl  in  a  geological  sense;  none  that  date 
back  further  than  the  Pliocene  epoch.  A  more  careful  scrutiny  of  the 
rocks  might  have  resulted  in  detecting  igneous  rocks  of  different  geolog- 
ical ages,  but  very  few  seem  to  date  back  beyond  the  Pliocene.  It  is 
not  uncommon  to  find  the  basiilts  interstratiiieAl  with  Cretaceous  and 
Tertiary  beds,  but  I  do  not  think  it  follows  that  the  eruption  took  place 
during  these  periods.  In  the  high  bluff'  opposite  the  Mammoth  Hot 
Springs,  on  Gardiner's  River,  thick  l>eds  of  basalt  are  exjwsed  in  the 
upper  ])ortion  of  the  bluff  of  irregular  extent.  On  the  summit  is  a  very 
thick  bed  lying  across  the  upturned  edges  of  the  strata,  and  the  line  of 
contact  is  quite  red,  showing  the  influence  of  the  melted  lava  on  the 
sedimentary  strata  immediately  beneath.  I  am  disposed  to  believe  these 
short  intercalated  beds  of  basalt  may  have  l)een  of  very  modern  origin. 

At  the  head  of  Alder  Gulch  there  is  a  high  wall  of  limestone  of  which 
Old  Baldy  is  the  highest  point.  The  aggregate  dip  seems  to  be  about 
southeast  30^  to  45°.  The  exposure  is  a  fine  one,  with  1,200  to  1,500 
feet  of  vertical  strata.  The  lower  portions  of  the  sedimentary  beds  are 
quartzose,  sometimes  pebbly,  very  hard,  compact,  gradually  passing  up 
into  limestones,  which  are  also  very  hard  and  splintery,  destitute  of  fos- 
sils. I>ut  in  the  upper  portion  of  both  sides  of  Old  Baldy  the  char- 
acteristic Carboniferous  fossils  are  very  abundant.  Thick  beds  of  lime- 
stones are  a  simple  aggregate  of  well-preserved  fossils,  and  among  these 
some  very  interesting  crinoids.  For  a  list  of  the  fossils  from  this  local- 
ity the  reader  is  referred  to  the  catalogue  of  Mr.  Meek.  The  high  ridge 
or  mountain-range  of  limestones,  of  which  Old  Baldy  forms  a  part,  trends 
off  to  the  southwest,  across  the  head  of  the  Passamari,  Black-Tail  Deer, 
and  Bed  Bock  Creeks,  to  an  unknown  distance.  These  huge  ridges, 
which  extend  in  such  long  lines  across  the  Northwest,  are  undoubtedly 
portions  ol'  grand  anticlinals.  It  will  prove  a  great  source  of  pleasure 
at  some  future  time  to  trace  these  great  axes  of  elevation  across  the 
country  and  aggregate  them  into  a  symmetrical  gioup.  Until  this  is 
done  it  will  hardly  be  i)ossible  for  us  to  comprehend  the  cori-ect  topo- 
grai)hy  or  geology  of  this  region. 

We  will  return  to  the  ]\Ia(lison  Valley.  That  the  period  of  the 
eruption  of  the  igneous  rocks  began  before  the  mountain-ranges  had 
reached  their  present  height  and  form  is  shown  by  the  position 
of  some  of  the  ridges  of  trachyte  that  extend  down  the  sides  of  the 
mountains  into  the  valley  on  the  west  side  of  the  Madison.  The  ridges 
of  tra(!hyte  have  been  so  eroded  that  the  bluff-sides  present  a  stratified 
appearance  and  the  inclination  is  5^  to  lO'^,  the  beds  passing  from  near 
the  summit  of  the  divide  down  beneath  the  superficial  or  lake  deposits  of 
the  basin.  As  we  descend  the  ^Madison  the  raiige  of  mountains  on  the 
west  side  is  more  purely  metamorphic,  few  of  the  igneous  rocks  being 
observed,  and  no  sedimentary  at  all.    This  continues  nearly  to  the  Jeff- 
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QTAon  Fork,  where  the  South  Bowlder  Range  is  cut  off  by  a  narrow 
synclinal  which  forms  the  valley  of  the  Jefferson.  The  limestones  incline 
away  from  the  north  end  of  the  South  Bowlder  Ran^e,  but  the  greater 
portion,  including  all  the  lofty  peaks,  is  composed  of  gmnitic  rocks. 

The  divide  which  separates  the  basin  which  we  have  just  described 
from  the  lower  basin  about  the  Three  Forks  is  composed  almost  entirely 
of  nietamorphic  strata.  Here  and  there  we  observe  an  outflow  of  igne- 
ous matter,  but  very  seldom.  In  the  ravines  and  depressions,  as  it  were 
tilling  up  the  inequalities  of  the  surface  of  the  metamorphic  rocks,  are 
the  lake  deposits,  which  show  so  clearly  that  at  a  modern  i)eriod  the 
Madison  Basin  was  connected  by  water  with  the  entire  valley  of  tlie 
Three  Forks,  even  far  below  their  junction.  As  the  waters  subsided  so 
as  to  expose  this  granite-divide,  they  gravitated  toward  that  portion  of 
the  basin  where  they  now  flow  through  the  granite-caiion.  What  caused 
the  waters  to  wear  out  the  present  channel  is  not  obvious  at  this  time. 
The  ridge  or  divide  may  have  been  lower  at  that  point  or  there  may 
have  been  a  slight  Assure  which  determined  its  choice. 

In  following  up  the  channels  of  some  of  the  little  streams  that  flow 
out  of  the  mountains  on  the  east  side  of  the  Madison,  Dr.  Peale  and  Mr. 
Holmes  found  that  the  strata  were  inverted.  In  the  canon  of  Jackass 
Creek  all  the  beds,  from  the  lowest  Siluiian  to  the  Tertiary  inclusive, 
were  inverted  so  that  the  youngest  Tertiary  beds  were  at  the  bottom  in 
onler  of  superposition.  For  a  more  complete  account  of  the  geology  of 
this  region,  aa  well  as  the  Cherry  Creek  mines,  the  reader  is  referred  to  • 
the  rei>ort  of  Dr.  Peale. 


CHAPTER  lY. 

.AIADISON  VALLEY— THREE  FORKS—GALLATIN  VALLEY 
AND  CASON  to  source  OF  RIVER— FROM  THREE  FORKS 
TO  HELENA. 

Just  below  the  mouth  of  Elk  Creek,  the  Madison  Valley  expands 
into  an  open  basin  with  high,  rather  rounded  hills  of  the  lake  deposits 
on  the  east  side  about  ten  miles  distant  from  the  rim,  while  on  the 
west  side  are  blufi-lands,  cut  by  the  river,  expoKsing  the  strata  clearly 
and  showing  their  horizontal  position.  In  none  of  the  upper  basins  are 
the  lake-deposits  as  well  exposed,  and  the  character  of  the  sediments 
shows  that  they  were  deposited  in  comparatively  quiet  waters.  The 
long  point  or  tongue  which  extends  down  to  the  junction  of  the  Forks, 
between  the  Madison  and  the  Gallatin,  is  composed  of  these  deposits, 
and  in  the  ravines,  which  in  some  places  cut  deep  into  the  ridge,  large 
masses  of  very  beautiful  silicified  wood  are  found.  I  have  no  doul)t 
that  bones  might  be  found  by  diligent  search ;  for  in  the  Jeflerson 
Valley,  in  the  Siime  kind  of  deposits,  I  discovered  the  teeth  and  jaws  of 
an  Anchitherium,  and  a  species  of  Helix.  Of  course  these  basins  were 
all  connected  at  one  time  far  up  the  valley  of  the  Jefferson  as  well  as 
the  Gallatin,  but  during  the  gradual  period  of  subsidence  became  dis- 
connected and  ended  in  quite  distinct  lake-basins.  The  South  Bowlder 
Range  formed  a  shore-line  on  the  west  side.  The  waters  must  have 
reached  so  high  up  on  the  sides  that  little  more  than  the  summits  of 
the  peaks  were  above  the  surface  and  therefore  most  of  the  ranges  were 
then  represented  only  by  small  islands.  The  Madison  and  the  Gallatin 
Ranges  on  the  east  were  also  shorelines,  but  became  more  conspicuous 
a8  the  waters  diminished  ;  and  while  thin  patches  of  the  peculiar  lake- 
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deposits  are  found  high  up  on  the  mountain-sides,  showing  that  nt  a 
very  modern  date  the  valleys  of  most  of  the  streams  must  have  been 
connected  through  the  low  passes,  yet  the  principal  sediments  are  in 
the  lower  basins.  Indeed,  I  could  imagine  tliat  the  entire  Northwest 
(and  how  much  more  of  the  country  I  cannot  now  positively  deter- 
mine) presented  much  the  appearance  of  the  basin  of  Great  Salt  Lake, 
witli  the  numerous  mountain-ranges  rising  above  the  waters.  Now,  if 
we  can  imagine  the  entire  area  of  the  great  basin  between  the  Wah- 
satcli  MounUiins  and  the  Sierra  Nevada  covered  with  water  to  a  jbieight 
which  it  must  have  reached  at  a  comparatively  modern  geological 
l>eriod,  the  vast  number  of  mountain-ranges  of  greater  or  less  size 
which  now  exist  within  these  limits  would  represent  so  many  rocky 
islands  in  this  vast  inland  sea.  Here  and  there  in  the  valleys  of  the 
^ladison,  as  well  as  the  Grallatin,  the  older  rocks  are  exposed  beneath 
the  lake(le[)Osits,  even  where  the  latter  prevail.  We  can  trace  out  with 
more  detail  the  skeleton  of  the  surface  prior  to  the  laying  down  of  the 
lake-deposits.  In  the  lower  valleys  it  is  quite  rare  to  lind  rocks  more 
modern  than  the  Carbonil'erous,  bat  the  limestones  and  granites  crop 
out  oftentimes  in  the  most  unexpected  places.  The  stripping  away  of 
the  lake-deposits  from  the  metamorphic  rocks  in  the  range  through 
which  the  Lower  Canon  is  formed  has  exposed  a  moderately  rich  min- 
ing district.  There  are  a  number  of  mines  which  are  wrought  with 
success  at  this  time,  and  on  the  whole  the  mining  prospects  of  all  this 
region  are  becoming  better  every  year.  The  excellent  reports  of  Mr. 
It.  W.  Raymond,  Commissioner  of  Mining  Statistics,  are  so  full  in 
regard  to  the  mines  of  Montana  that  I  shall  at  present  touch  this,  sub- 
ject very  briefly. 

it  is  my  intention  to  study  all  the  mining  districts  of  Montana  at 
some  future  period  with  special  reference  to  their  geological  rela- 
tions, carefully  mapping  the  lodes,  and  endeavoring  to  study  out  if 
possible  their  natural  history.  I  believe,  that  Montana  is  rich  in 
valuable  mines,  and  that,  when  railroad  communication  has  been  estab- 
lished between  it  and  the  world  at  large,  an  impulse  will  be  given  to  the 
mining  interests  of  the  Territory  that  will  satisfy  the  most  sanguine. 
It  behooves  the  enterprising  citizens  not  to  let  the  subject  of  railroad- 
eommuuication  rest  from  this  time  until  it  becomes  an  accomplished  fact. 
The  world  will  then  begin  to  appreciate  the  resources  of  the  Territory, 
which,  so  far  as  1  haveexamined  it,  surpassesany  of  the  others  in  the  West. 
The  Cherry  Creek  Mines  occur  in  what  has  been  called  the  Madison 
range.  The  reader  is  referred  to  the  report  of  Dr.  Peale  for  such  informa- 
tion as  he  has  been  able  to  secure  in  a  brief  visit  to  them.  This  mining- 
belt  passes  across  the  Madison  by  way  of  the  Lower  Canon,  and  extends 
to  the  South  Bowlder  Mountains.  Hundreds  of  lodes  have  been  opened, 
many  of  them  worthless  ;  but  many  others  would  doubtless  prove  valu- 
able if  transportation  and  labor  were  not  so  costly  and  difficult  to  obtain  in 
the  country.  The  lodes  are  all  found  in  t4ie  metamorphic  strata,  the  age 
of  which  it  would  be  difficult  to  decide.  We  only  know  that  they  form 
a  vast  thickness  of  stratified  rocks  with  varied  texture  and  composition. 
They  seem  here  to  have  been  subjected  to  considerable  erosion  after  the 
limestones  were  washed  away.  These  metamorphic  strata  underlie  the 
entire  country  and  appear  everywhere  where  the  unchanged  beds  have 
been  worn  away  or  when  not  concealed  by  the  outflow  of  igneous 
matter.  The  work  of  reducing  these  metamorphic  strata  to  a  system, 
and  connecting  them  over  extended  areas,  has  not  yet  been  attempted, 
and  it  seems  to  me  an  almost  hopeless  as  well  as  fruitless  task.  It  will 
be  enough  for  the  ])reseut  generation,  p<».rhaps,  if  we  are  enabled  to  work 
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ont  pretty  cleariy  the  story  of  tbe  sedimentiu^'  formatioos  of  the  West. 
AloDg  the  valley  of  the  Madison  below  the  month  of  Cherry  Creek, 
there  is  a  remarkable  exhibition  of  tbe  gneisstc  beds.  For  several 
miles  the  strata  are  exposed  so  that  the  succession  is  perfectly  clear  for 
thoasaods  of  feet  in  thickness.  All  the  varieties  of  composition  and  the 
flexures  in  the  bedding  peculiar  to  raining -rocks  are  seen  in  [>erfectioii. 
Veins  of  feldspar  and  quartz  extend  across  the  bedding  a  foot  or  more 
in  thickness,  evidently  segregate)!  in  fissnres  like  the  mineral  matter  in 
a  Imle.  Masses  of  a  verj'  compact  black  bornblundic  gneiss,  4  to  6  feet 
thick,  and  8  to  10  feet  long,  lie  between  the  strata  as  if  they  were  old 
intrusions  of  trap.  I 
have  never  seen  a  bet- 
ter opportunity  for  a 
detailed  st-udy  of  the 
gDeissic  rocks,  for  tbey 
are  sbowu  hero  in  high 
rertica]  wnlls  for  six 
milee,  inclining  in  the 
same  direction  30°  to 
50°.  The  beautiful  ex- 
amples of  banded  gneiss, 
as  shown  in  Fig.  17,  are 
Dot  uncommon,  and  ex- 
cite much  attention.  I 
have  Qsed  the  term 
gneiss  in  its  broadest 
sense,  to  signify  granitic 
rock  com[>osed  of  quartz,  feldspar,  and  mica,  arranged  in  well  de- 
fined strata,  usanlly  thin,  but  sometimes  reaching  a  thickness  of  several 
feeL  All  the  ditferent  forms  which  the  metamorphic  rocks  assume  are 
noted  in  the  catalogue  of  Dr.  Peale,  appended  to  bis  report  of  this  and  last 
year.  In  my  report  of  last  year  I  described  qnite  minutely  the  basin 
of  tbe  Three  Forks.  I  then  stated  that  the  immediate  valleys  of  tbe 
streams  near  the  junction  had  been  carved  out  of  the  lake-deposits,  and 
on  either  side  of  the  Madison  Valley,  on  the  east  side  of  the  Jefferson, 
and  tbe  west  side  of  the  Gallatin,  tbe  blnffs  exposed  fine  sections  of 
these  modern  beds.  From  the  courses  of  tliciie  great  streams  tbe  source 
of  tbe  waters  during  the  lake-|M>riod  might  be  read  from  tbe  character 
of  tbe  sediments.  We  find  that  tbey  must  have  rushed  with  great 
force  along  the  valleys  from  tbe  sources,  after  the  imitetns  was  gained 
through  the  Upper  Canon,  then  through  tbe  Middle  Caiion,  and  begin- 
ning to  lose  a  portion  of  this  force  and  moving  along  more  quietly  just 
before  entering  the  Lower  Caiion,  and  when  reaching  the  basin  of  the 
Tbrce  Forks,  tbe  wnter  mnst  have  been  as  quiet  as  in  ordinary  frcKb- 
vater  lakes  of  the  jirescnt  day.  Tbe  indications  of  swift  currents  are 
not  seen  about  the  immediate  sources  of  these  streams,  so  that  the  sedi- 
ments of  the  geyser-buHins  are  comparatively  fine,  indicating  moder- 
ately quiet  waters.  All  the  other  rivers  tell  pretty  much  tbe  same 
story.  These  sediments,  made  up  as  tbey  are  of  the  diS'ercnt  kinds  of 
rocks  in  the  vicinity,  arc  much  mixed  in  tbeir  character.  Tbey  are  a 
mixture  of  clay,  snud,  and  marl,  in  varied  proportion.  Sometimes  tbin 
indurated  layers  of  clay  will  include  several  feet,  then  sand  will  pre- 
dominate or  sandstones  in  thin  beds,  or  sort  of  indurated  yellow  or 
cream-colored  marl,  and  then,  perhaps,  a  bed  of  loose  gravel  or  pnd- 
ding-stone.  There  is  a  remarkable  uniformity  in  the  color  and  char- 
acter of  these  seiUments  nil  over  the  West,  from  our  north  line  to 
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Tilfxico.  I  have  estimated  the  aggregate  tbicknens  of  these  deposits 
i[i  this  lower  baMo  at  the  present  time  at  about  1,200  teet.  Occnpyiog 
tliif  area  tliat  they  do,  we  can  thus  see  that  they  possess  an  importance 
which  demands  the  notice  of  the  geologist.  Between  the  junction  of 
the  Madison  witli  the  Jeffersou  and  the  mouth  of  the  Gallatin,  a  dis- 
tance of  abont  half  a  mile,  there  is  on  the  south  side  a  remn»ut  of  a 
limestone-ridge  cut  off  by  the  Gallatin  from  the  main  mass  below,  50  to 
100  feet  high,  and  trending  about  northeast  and  southwest.  This  is  a 
somewhat  peculiar  remuant,  but  it  aids  much  in  reconstructing  the 
former  surface  of  the  country  prior  to  the  great  erosion.  The  Missonri 
liiver,  immediately  below  the  entrance  of  the  Gallatin,  passes  tbrongh 
a  sort  of  rift  in  the  upturned  ridge,  the  strata  on  either  side  incllniDg 
in  the  same  direction.  How,  ii>  the  changing  of  the  channel  of  thu 
river,  this  remnant  was  left,  is  not  clear  at  this  time.  There  are  a  num- 
ber of  other  remnants  of  the  limestone  scattered  tbrougli  the  basin, 
which  shows  that  it  was  originally  scooped  out  of  the  series  of  ridges 
which  probably  sent  their  sharp  summits  np  a  thonsand  t'ect  or  more 
above  the  general  level.  All  the  limestones  immediately  abont  the 
junction  of  the  Three  Forks  are  of  Carboniferous  age,  as  the  fossils 
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testify.  Bnt  above 
and  Iielow.  the  Silu- 
rian strata  are  re- 
markably well  ex- 
posed. Below  the 
Three  Forks  the 
structure,  thongh 
simple  in  general 
terms  as  above,  i& 
^ery  mncb  compli- 
cated by  the  chaotic 
condition  in  which 
the  strata  have  been 
left  after  upheaval. 
There  are  a  number 
of  local  synclinals  as 
well  as  anitclinals, 
but  to  work  themont 
iu  as  great  detail  as 
I  desired  would  re- 
ijuire  more  time  thao 
wo  had  nt  car  dis- 
posal. Ill  e 'Missouri 
ij.  Kiver,  below  the  junc- 
tion   of    the    Three 


Forks,  flows  along  a  sort  of  rift  in  the  ridges  of  limestone,  though  o 
the  west  side  tbeso  ridges  are  worn  across,  so  that  the  waters  followed 
the  intervening  valley  but  a  short  distance. 

On  the  east  side  the  waters  run  close  up  by  high  limestone-walls  for 
about  one-fourth  of  a  mile,  and  then  the  valley  expands  a  few  hun- 
dred yards  iu  width  for  about  three  miles  and  then  closes  again  for 
a  short  distance,  a  mile  or  so,  and  then  again  expands  to  a  width 
of  three  to  five  miles.  These  valleys  are  evidently  worn  one  of  the 
gioup  of  uplifted  ridges,  as  is  shown  by  the  remnants  here  and  there  in 
the  valley  and  in  the  Ited  of  the  river.  On  the  east  side,  immediately 
below  the  entrance  of  the  Gallatin,  the  river  has  worn  a  well-dedued 
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terrace  in  the  limestone  for  a  LAiramile  below,  forming  asort  of  contin- 
uatiuD  of  the  isolated  low  ridge  iu  the  bottom  just  above  tlie  Uallatiu.  In 
the  second  expansion  of  the  valley 


there  is  a  broad  bottom  it  bout  two 
miles  wide.     Uu  the  east  side  of 
tlie  valh^y  are  quite  tbii.k  depot, 
its  of  the  Ijivke  [>eriud  cut  up  into 
ridges,  which  are  weathered  into 
arebitectunil  forms  like  what  we 
luive  usually  termed  iu  the  W  est, 
"bad  liiuds."    The  lower  poition 
of  these  deiiosita  is  a  kind  of  cal 
cureons  shale,  passing  by  degrees 
into  an  indurated  sandstone  capped 
by  a  larxe  thickness  of  couglom- 
enite.    This  is  made  up  to  a  great 
extent  of  rounded  uiasMS  of  liuie-   p 
stone  loosely  held  together  by  a   o 
aaud   cement   or  with   a  whitish    ^ 
marly  paste.    In  many  localities  'i 
iu  these  de^wsits  there  are  dikes   - 
of  basalt  which  seeiu  to  hare  been    |, 
formed  during  the  existence  of  the   I 
lake,  and  that  the  basalt  hud  bi.'eu  t 
exjiosed  by  the  wearing  out  of  the  | 
ravines  which  have  bi-eii  cut  into   s 
these  modern  dei>osits  at  a  very   '^ 
modern  date.    (Fig.  18.)    For  mites  -^ 
along    the   high    mountains   that   r 
bonier  the  river,  hundreds  of  deep   |-   ^   w-^-..- 
caiious  or  gullies,  iVom  thi-oe  to  six   ;    i     S.^^-" 
miles  long,  are  carved  deep  into   |   -   f""  ■-  ^"^ 
the  sides.    The  modern  beds  are  -*■ 
nearly  or  quite  liorizoiKiit,  with  no  ^ 
evidence  ot  disturbance  since  their   J 
deposition,  and  they  liip  <m  to  the   ; 
much-tilted    strata    of    the  older   =: 
rocks.    There  ai-e  hew,  as  near  Jis   | 
1  can  estimate,  abiuit  L*,))00  feet  of  i 
more  or  less  metiiniorphoxed  slates,   | 
clays,  and  quartzilesof  all  textures   I 
and  colors,  but  mostly  tliiiily  liuu-    ? 
inated.    Much  of  it  is  very  slaty. 
Here  and  there  a  dike  is  seen  which 
shows  an  ediision  of  melted  matter 
at  some  iteriwl  subsequent  to  the 
u[)hcavul.     No    fossils    conkl    be 
louud,  but  I  have  no  doubt  that 
they  belong  to  the  roti«lam  group, 
so  well  shown  on  the  fiallatin,  and, 
indeed,  the  same  heds  are  much 
uioru  changed.    As  we  ascend  the 
monutain  the  compact  gray  lime- 
stones, which  are  also  of  the  Silu- 
rian age,  are  well  develoi>ed  and, 
ahove  these  limestones,  full  of  well- 
ilctiued  carbouileiou!4  fossils.    (Fig.  10.)    Uow  tar  to  the  uorthwiin 
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Silurian  beds  extend  I  do  not  know,  but  tliej'  were  visible  at  least  fifty 
miles  below  the  junction  of  tbe  Three  Forks.  It  will  at  some  Aiture 
day  be  an  interesting  and  profitable  task  to  stud}^  the  geology  of  this 
region  in  detail.  The  few  facts  that  I  am  able  to  present  at  this  time 
may  serve  to  call  attention  to  it.  There  is  here  the  largest  development 
of  the  Silurian  strata  I  have  ever  seen  in  the  West.  They  are,  ho»vever, 
only  shown  over  restricted  areas.  There  seems  to  have  been  very  little 
system  in  the  upheaval  of  the  rocks.  Here  and  thei*e  they  are  brought 
to  the  surface.  The  lake-basin  is  about  five  miles  long,  and  on  an  average^. 
two  miles  wide,  and  the  aggregate  thickness  of  the  modern  deposits 
about  800  feet. 

On  the  west  side  of  the  Missouri,  immediately  below  the  Three  Forks, 
there  is  a  most  interesting  synclinal,  which  will  be  shown  in  the  illustra- 
tion. The  river,  as  it  enters  the  cailon  at  the  Thi^ee  Forks,  may  have 
started  in  a  rift,  but  it  seems  to  have  immediately  disregarded  it  and 
cut  across  the  ridges,  so  that  the  channel  now  cuts  diagonally'  across 
all  the  ridges  of  the  Carboniferous  series  and  a  large  portion  of  the 
Jurassic  within  a  distance  of  ten  mile^.  The  ruggeilness  of  this  region 
is  very  great,  the  little  branches  that  flow  from  the  hills  on  either  side 
gashing  deep  canons,  exposing  thestratu  in  high  walls  on  either  side. 
l]y  following  one  of  these  little  streams  from  the  main  river  up  to  the 
divide,  we  get  a  fair  section  of  the  strata.  About  five  miles  below  the 
Three  Forks,  on  the  west  side,  the  Jurassic  ridges  come  in  close  to  the 
river-side.  In  the  ridges  of  limestone  above  this  point  is  an  abund- 
ance of  characteristic  Oarbouifei*ous  fossils,  so  that  we  regard  the  age 
ol'  these  rocks  settled.  Above  them  comes  a  n^markable  series  of 
quartzites  and  sandstones,  with  intercalations  of  sandy  clay.  The  lime- 
stones seem  to  pass  gradually  up  into  quartzites,  so  that  the  upper  beds 
are  compact,  brittle,  gray  quartzites.  The  want  of  continuity  of  the 
strata  between  the  Jurassic  series  and  the  Carboniferous  group  below  is 
shown  in  the  absence,  in  most  cases  of  some  hundred  fc^et,  of  strata 
wliieh  are  well  shown  here.  The  first  ridge  of  quarzite  is  about  300 
fe<4  thick,  with  a  dip  of  45^.  In  the  lower  part  is  an  intrusive  bed  of 
igneous  ro(dv.  The  second  ridge  is  a  rusty-brown  sandstone,  with  layers 
composed  of  fossils,  mostly  fragments,  as  Ostrva,  and  some  beautiful  but 
umleseribed  forms.  The  inclination  of  the  strata  is  35°  to  4i)0.  Thei-e 
is  in  this  ridge  a  remarkable  intrusive  bed  of  igneous  rock,  very  irregu- 
lar in  thickness  and  horizontal  extent,  sometimes  50  to  100  feet  thick, 
j)in('hing  out  and  then  re-appearing  in  full  force.  The  calcareous  sand- 
stones above  and  below  are  full  of  fossils,  and  do  not  seem  to  have  been 
all'ected  by  contact.  There  is  a  kind  of  cleavage  in  the  igneous  rocks 
that  gives  to  the  entire  mass  the  appearance  of  stratified  rocks,  but 
precisely  opposite  in  inclination  to  the  sedimentary  beds  which  inclose 
them.  Then  comes  a  series  of  beds  weathering  a  dull,  purplish  color, 
comiKJsed  of  sandstones,  (piartzites.  with  loose  clays  and  shales,  i)assing 
up  nito  brown  sandstones,  then  a  bed  of  dark-brown  (piarzites.  Then 
com(\s  a  series  of  layers  of  reddish-yellow  sandstones  of  various  tex- 
tures, with  intercalations  of  arenaceous  clay.  Still  farther  above  are  a 
series  of  red  and  purplish  clays  with  greenish-bUie  bands  passing  up 
into  gray  marls  and  arenaceous  limestone.  The  aggregate  thickness  of 
tile  mass  of  Jurassic  strata  was  estimated  to  l)e  about  1,500  feet.  The 
direction  of  the  dip  is  about  northwest.  Then  comes  a  series  of  brown 
and  rusty-yellow  arenaceous  clays  and  sandstones  500  to  tSOO  feet  in 
tliickn(\ss,  with  an  abundance  of  well-deiined  Cretaceous  fossils.  In 
the  middle  of  the  synclinal  is  a  limited  thickness  of  the  (H)al  strata, 
with  layers  of  impure  coal.     At  the  junction  of  the  two  sides  of  the 
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ByncIiDal  the  beds  sre  much  crashed,  so  that  they  are  reudpred 
very  obscure.  Ou  the  opposite  side  we  pass  over  the  u|>tarued 
edges  of  the  same  aeries,  commeuc- 
iug  with  the  Coal  strata,  but  with  n 
a  reversed  dip.  The  wHuplete  series  -° 
has  beeu  tilted  beyond  a  vertical,  so  ^ 
that  some  of  the  high  ridges  of  lime-  g* 
stoiie  iucline  45°.  (Figs.  20  and  21.)  |; 
Near  the  upper  portiou  of  the  | 
Jurassic  group  there  is  a  bed  of  gmy  B 
Umestone  six  feet  tbi^l{,  made  up  of  '^ 
ao  aggregate  of  small  Gasteropod-  -^ 
ona  shells.  This  bed  is  well  exposed  | 
iu  both  divisious  of  the  syncliual.  | 
Patches  of  the  lake-deposits  are  P. 
thialy  scattered  over  the  surface,  h 
filling  up  the  irregularities,  occasioa-  ^ 
ally  showing  a  moderate  thickueas  ^ 
either  of  marlf)  or  couglomerutes.  As  n 
we  pass  ap  the  Gallatin  Valley  (rora  -" 
its  mouth  we  observe  that  the  river  g 
flows  aloug  a  bigh-blu£f  wall  ou  the  I 
east  side.  There  are  sevci-al  local  | 
syueliuals  as  well  as  autieliiials,  but  ' 
none  of  the  Carboniferous  heAs  seem  _= 
to  have  been  affected.  In  the  low  i~ 
liillseastoftbe  river,  about  five  miles  '^i 
alwve  the  mouth,  is  a  sort  of  lociil  "^j 
depression,  iu  which  are  remnants  r|^ 
of  the  Jurassic  gronp.  As  I  have  g  ^ 
BO  often  repeate<l  iu  this  report  and  ^'' 
iu  my  |)revious  re|>orts,  the  evidence  ;  ?■  * 
is  I'outiuually  shown  thAt  the  forma-  ^^  k 
tious  nil  originally'  extemled  over  the  g  , 
country  in  a  horizontal  i>osition  at  3  i 
one  i»er)od ;  that  they  have  since  f 
been  remo\'ed  tn  a  great  extent  by  %  , 
erosion,  but  here  and  there  we  find  I 
indications  of  their  tbntiL'rexi»teuce.  Z. 
The  section  will  show  a  most  exteu-  | 
sive  series  of  Carboniferous  lime-  5 
Btones  rising  gradually  as  we  ascend  p 
tbeGallatin.  I  described  these  Iwds  ? 
somewhat  in  detail  in  my  report  for  | 
1871.  The  series  of  Carboniferous  % 
limestones  is  remarkably  well  = 
Bhowu  for  a  distiinco  of  about  five  1- 
miles  above  the  mouth  of  the  Gal-  ^ 
latin.  Just  opposite  the  grist-mill  | 
the  very  compact,  brittle  beds,  which  ■^ 
ui-e  supposed  to  be  of  Silurian  age,  p 
come  in,  funning  massive  bluff-ex-  ^ 
IHiKures.  Just  beneath  these  mass-  f 
ive  beds  of  limestone  is  a  series  of  | 
hxtse,  browu  shales  and  clays  with 
thin   layers  of  impure  limestone.    In   the  bhules  aic  liyeis  of  lime 
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Stone  on  inch  or  tvo  in  tbickiMH,  compfiMd  of  trilobitea  moBtiy  in 
a  fragtneoitary  oopdition,  bnt  with 
DOW  Mid  tii«ii  a  Hpeelmea  bo  pre- 
aetved  as  to  otaaractorite  it.  ILere 
were  great  nambera  and  variety  of 
tfaeae  old  ^urian  fosnla,  and  they 
nndoabtedlf  belong  to  the  Potatlam 
BTonp.  The  aeolioni  repreMnted  by 
Fig8.30, 21,  aDd22  areeontinDoos  and 
oGoapy  adistanee of  aboot  thirty  miles. 
The  aooompaoyins  Ulnrtration  will 

iahow  the  ooDeeeat&e  series  of  strata 
withtbeirinolluation.  (Fig.  22.^    The 
thickness  of  the    entire    senes    of 
Lower  Silniiao  strata  here  is  esti- 
I  mated  at  l,600feet.  The  massive  lime- 
g-  stones  wbiidi  I  have  referred  to  the 
~  Potsdam  gronp  are  aboot  iOO  feet 
'  I  thick,  then  gradually  pass  down  into 
g  50  feet  of  thinly-laminated,  cberty 
.  *>.  limeetouo  or  calcareous  mad-l^j-en)^ 
f  ^  withabnndautorgaDioromains.  Then 
I  s  come  layers  of  greenish  sand  and 
S  1  clays  witii  ^ells  and  trilobiteti  qaite 
g  •f  distinct  from  those  above.    Some  of 
J  the  layers  of  sandstone  have  small 
p  rounded  pebbles,  thongh  not  prop- 
J  eriy  a  conglomerate.    Then  oomea  a 
I  parplish  sandstone,  and  below  these 
i  variegated  shsly  days,  yellow,  green, 
I  &G.,  then  hard,  dull  purplish-oiown 
I  qnartzose  sandstone,  inclining  43°, 
?  apparently   metamoipfaosed  in  part, 
J  8U  feet    Then  comes  a  grassy  inter- 
I  val,  and  then  a  ridge  of  very  compact 
pS  brownish-gray  quaitzite,  with  irreg- 
--  utar  layers  of   sandstone,  inclining 
I  45°.    Then  alternate  layers  of  brown 
S  calcareous  sandstone  and  yellowish- 
a  brown  shaly  clays.    Then  drab-brown 
I  qnartzites  and  black  slates  alternate, 
I  150  feet.    Then  comes  the  steel-brown 
a  qnartzite,  which  Las  the  api>earance  at 
^  alitcledistanceiu  the  fracture  of  eoin- 
H  pact  basalt,  100 1'eet,    Then  a  series  of 
'^  bliiek  slati's  150  feet  thick.     Then 
comes  a  dark  micaceous  sandstone, 
alternating  \Tith  calcareous  slates  or 
shales,  3W  to  500  feet  in  thickness. 
This  last  gronp  of  beds  <;ontiune8 
along  the  river  in   high   blutl's   for 
about  five  miles  and  presents  a  great 
variety  of  structure.     In   some  in- 
stances  the  shales  weather  to  a  sol't, 
yellow,  ch.ilky  material,  nitcl  remind 
one  at  a  distance  of  the  yellow-chiilk 
Then  we  have  a  brown  somcwbut  worn 


beds  of  the  Middle  Cretaw«u8- 
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sandstone,  'rrhicli  has  much 
qnartzite.    Then  come  one 
or  two  rather  thick  beds  of 
cberty    limestone    in    the 
beds  of  shnle,  and   in 
some  instances  immense 
rouuiled,    flnt   concretions 
of  cherty  limestone  seTeral 
feet  in  diameter,  bnt  not 
more  tban  6  or  12  inches 
thick.    So  far  as  1  could  as- 
certain, these   brown   mi- 
caceous Biindstones  and 
shales  coutiune   down    to 
the  raetamorphic rocks.   In 
the  iutei-Viil   between  the 
Flat-Head    Pass   and  the 
>lissoun   River   there  are 
several  local  anticlinnls 
and  synclinals,  in  wliich  all 
the  series  of  rocks  are  cx- 
]M}sed  in  their  order  from 
the  Lower  Silurian  to  the 
Cretaceous,  inclusive.  Here  2 
and  there  are  patches  of  5 
igneous  rocks  which  appear  > 
to  have  produced  in  some  ^ 
iuKtanees  tlie.se  short  antt-  j 
diuals.    Far  np  In  the  viil-  = 
leys  of  all  tbe  little  streiiniK  ^ 
that  How  into  the  Gallatin  ^ 
Kivermaylieseen  thenxxl-  > 
em  deposits,  which   show  i 
tlie  extent  of  the  old-lake  B 
water,s,  and  as  they  slowly 
subsided  the  pre.seut  drain- 
age was  marked  out.     It  h 
bythestrippinttoffofthese 
luodern  beds  thiit  the  imsi- 
tiouofthennderlyiu;jstrata 
is  rendered  iippiirent.     In 
minutely  describing;  the  ge- 
ological features  from  point 
to  point  nmch   repetition 
is  necessary.    There  is  a 
certain  variety  in  tbe  out- 
lines of  the  surface  in  differ- 
rent  localities,  even  if  the 
geological  formations   are 
tiie  same  or  similnr,  and 
tlie    Abades  of   difference 
strike  the  eye,  but  cannot 
always  be  expressed  clearly 
in  words.     In  the  valleys 
of  all  the  little  streams  th;it 
flow  into  the  Gallatin  from 
the  Gallatin  Bange,  there  is 


the  look  of  bisalt  or  a  compact,  fine 
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a  greater  or  less  thickness  of  tbe  lake- 
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(]t*I)osits,  with  here  and  there  a  large  amoaut  of  modem  drift.  The 
tsui'tace  is  covered  with  water-worn  bowlders,  the  remains  of  the  last 
acts  in  the  drama.  I  have  so  often  called  attention  to  these  very 
modern  drift-deposits  that  it  is  only  necessary  to  state  that  they 
cover  the  entire  surface  of  the  country,  except  the  summits  of  the  high- 
est peaks.  The  origin  of  the  forces  that  traus|)orted  these  bowlders 
and  scattered  them  over  the  surface  in  this  irregular  manner  wiU  be 
discussed  in  another  place.  The  details  of  the  structure  of  the  Gallatin 
Eange  are  numerous,  and  could  be  best  pn^sented  by  an  account  of  the 
different  routes  traveled  in  exploring  it,  but  I  will  only  describe  the  two 
sides  in  general  terms.  The  range  itself  is  probably  a  monoclin&l,  that  is, 
it  is  an  elevated  ridge  with  the  strata  all  inclining  in  the  same  direction, 
and  the  iK)sition  of  the  opposite  portion  is  not  yet  known  with  certainty. 
The  older  beds  on  the  west  side  have  a  marked  reversed  dip,  but  the 
central  beds  of  limestone  are  nearly  vertical,  while  the  Jurassic,  Cre- 
taceous, and  Coal  strata,  inclining  at  various  angles  from  5^  to  5<P, 
gradually  descend  in  step-like  ridges  from  the  summit  of  the  range  to 
Shields's  Itiver,  eastward  a  distance  of  about  fifteen  or  twenty  miles.  The 
agjjjregate  inclination  seems  to  be  about  northeast.  Bridger  Creek,  near 
the  Union  Pass,  tiows  southward  along  the  east  base  of  the  main  ridge 
lor  about  ten  miles,  and  bends  around,  wearing  a  very  deep  caiion 
through  the  south  end  of  the  range  through  the  limestones,  and  enters 
the  East  Gallatin  about  five  miles  below  Bozeman.  The  Jurassic  beds 
are  crushed  together  in  the  uplift  to  such  an  extent  that  they  are  quite 
obscure,  and  do  not  iippear  to  much  advantage,  but  in  Union  and  Flat- 
llead  Passes  they  are  much  better  exiK)sed,  but  the  Cretaceous  and  Coal 
groups  are  enormously  developed,  reaching  an  aggregate  thickness  of 
more  than  10,000  feet.  By  the  Coal  group  I  always  mean  the  series  of 
beds  which  are  i)robably  Cretaceous  in  part,  passing  up  into  Lower  Ter- 
tiary and  contiiining  the  coal-beds  of  the  West.  The  axis  of  the  Gal- 
latin Eange  is  somewhat  zig-zag  in  its  trend.  The  great  ma«s  of  the 
inountaiu  inclines  eastward  or  northeastward,  but  bends  abruptly  west 
ill  two  or  three  places,  forming  interesting  passes,  as  Union  and  Flat- 
Jlead  Passes.  The  outcropping  edges  of  the  limestone-strata  have 
l)een  rounded  off  by  atmospheric  agencies,  yet  for  a  wide  belt  alongthe 
very  summit  ea(;h  layer  is  clearly  shown,  like  irregular  bands  from  one 
end  of  the  range  to  the  other,  a  distance  of  about  twenty-five  miles. 
The  highest  i)eak,  which  is  nearly  9,000  feet,  shows  the  upturned 
edgt^s  of  the  limestone-lajers  most  clearly.  As  1  have  before  remarked, 
the  central  mass  and  the  highest  portions  are  those  which  seem  to  have 
resisted  erosion  best.  These  beds  are  usually  nenrly  vertical  in  posi- 
tion, seldom  inclining  past  a  vertical,  while  the  Silurian  group  has  a 
reversed  inclination  irom  5°  to  15^.  On  the  west  side  of  Union  Pass 
the  underlying  grauTtoid  rocks  an*  ex^wsed,  dipping  in  the  opposite  di- 
rection, as  if  in  the  uplift  there  had  been  forces  acting  not  only  vertically 
but  tang(4itially.  The  Silurian  group  is  exposed  on  the  foothills,  vary- 
ing from  800  to  1,200  i'eet  in  height  from  Bridger's  Pass  across  to  a 
point  about  tive  miles  north  of  Flat  Ilead  Pass,  a  distance  of  nearly 
tw(Mitv  miles.  The  consecutiveness  of  the  beds  is  much  obscured  bv 
the  great  thickness  of  detritus  and  grass,  but  the  rocks  croj)  out  all 
over  the  hills,  so  that  they  can  be  studied  with  contidence.  Then  we 
know  that  they  are  only  an  extension  southward  of  the  same  group  of 
beds  which  is  so  admirably  well  shown  along  theGallatni,  and  wliich  has 
lK*en  described  in  a  previous  i)ortion  of  this  chapter.  From  the  Mis- 
souri Tiivcr  southeast  to  the  Yellowstone  Kivw,  there  is  a  series  of 
rather  low,  broken  ranges  of  mountain-ridges,  of  which  the  Gallatin 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.        75 

Uan^  is  the  central  and  the  largest  one.  On  the  east  side,  between 
the  Gallatin  Kange  and  the  intermediate  valley  of  Shields's  River,  there 
is  a  belt  of  country  ten  to  fifteen  miles  in  width,  made  up  of  Cretaceous 
and  Tertiary  beds,  with  an  unusual  somber  brown  color,  as  if  they  hiul 
been  afteoted  more  or  less  by  heat.  Here  and  there  are  indications  of 
the  effusion  of  basalt,  usually  in  the  /orm  of  a  dike,  without  generally 
affecting  to  any  great  extent  the  position  of  the  sedimentary  strata,  but 
sometimes  throwing  them  into  various  positions.  The  highest  hills  are 
from  800  to  1,200  feet  above  the  surrounding  country,  but  descend  west- 
ward in  step  like  ridges.  The  belt  is  exceedingly  rugged  from  the  nature 
of  the  upheaval,  the  beds  having  been  lifted  up  at  var.ous  elevations ;  but 
in  addition  they  are  cut  down  in  every  direction  by  the  little  streams 
that  flow  into  Shields's  Biver  on  one  side  and  into  the  Gallatin  on  tbe 
other.  A  large  portion  of  this  belt  is  covered  with  thick  pines,  with 
IKitches  of  aspen,  and  the  remainder  thickly  grassed  over,  forming  mo.st 
excellent  pasturage  for  stock  of  all  kinds.  In  the  valley  of  Shields's 
River  are  hundreds  of  excellent  farms,  which  would  long  since  have 
been  taken  up  by  i'armers  had  it  not  been  for  fear  of  hostile  Indians. 

The  Fla^Head  Pass  is  the  great  thoroughfare  for  the  Flat-Head  and 
Lannack  Indians  on  tiieir  way  to  the  buffalo-districts  on  .the  Muscle- 
shell,  Missouri,  and  Lower  Yellowstone.  The  hostile  Sioux  have  made 
several  raids  through  this  pass  into  the  Gallatin  Valley,  murdei-ing  the 
settlers  and  running  oft'  their  stock.  The  illustrative-section  which  was 
taken  at  Flat-Head  Pass  shows  the  situation  of  the  range  with  great 
clearness.  Passing  along  the  west  base  of  the  range  from  Flat-Head 
Pass  to  Fort  Ellis,  we  find  the  slope  from  the  Gallatin  River  to  the  im- 
mediate foot  of  the  mountains  dotted  with  cultivated  farms.  Where  the 
8U]>erticial  deiK)sits  are  cut  through  by  the  numerous  small  streams,  a 
gieat  thickness  of  the  modern  lake-deposits  and  dritt  is  exi>osed.  lu 
some  instances  the  modern  beds  are  hardened  into  a  calcai*eous  sand- 
stone that  is  used  for  building  purposes.  These  deposits  Jut  up  against 
tbe  sides  of  the  mountain  in  such  a  manner  that  the  old  shoreline  is 
distinctly  marked.  From  Flat-llead  Pass  to  Union  Pass,  a  distance  of 
about  fifteen  miles,  the  abrupt  foot-hills  are  composed  entirely  of  the 
KSihu'ian  gioup,  lifted  up  in  such  a  manner  as  to  incline  past  a  vertical. 
The  character,  as  well  as  the  order  of  su[>oriH)sition  of  the  beds,  must 
be  the  same  as  of  those  noted  along  the  Gallatin  a  few  miles  below, but  the 
bills  are  so  covered  with  detritus  and  grassed  over  that  I  found  it  im- 
possible to  obtain  a  consecutive  section.  Nearly  all  the  more  compact 
strata  crop  out  at  different  points,  so  that  the  principal  beds  were  de- 
twted.  In  Union  Pass  the  streams  have  worn  a  passage  through  the 
range,  so  that  the  strata  are  well  exposed,  and  we  find  here  underneath 
the  Silurian  group  a  granitic  base,  as  shown  in  the  section.  In  the  mas- 
sive limestones  of  Union  Pass,  which  arc  probably  of  the  Potsdam  epoch, 
there  is  a  singular  illustration  of  joiutage,  well  shown  in  Fig.  23,  which 
would  at  once  arrest  the  attention  of  the  geologist.  At  first,  one 
would  be  much  puzzled  to  determine  the  true  stratification  from  the 
false.  It  forms  a  portion  of  Liberty  Peak,  which  rises  about  8,000  feet, 
an<l  is  probably  due  to  partial  metaniorphic  action.  The  granitic 
r<x*ks  continue  to  increase  in  thickness  up  to  Bridger  Canon,  a  distance 
of  fifteen  miles.  Here  there  seems  to  have  been  a  Ick^wj  powerful  force 
exerted,  so  that  only  the  limestones  are  exposed,  and  the  Cretaceous 
and  Coal  strata  are  found  on  the  summits  of  the  range.  Bridger  and 
Bozeman  Passes  are  low  depressions  in  the  range.  As  we  jiass  across 
the  numerous  branches  of  the  Gallatin,  as  they  emerge  from  the  mount- 
ains, we  see  the  Carboniferous  and  Siluriau  limestones  inclining  from 
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tbe  Sides  of  tfae  lower  bills  and  jMsdng  oDder  the  Talley.  '  Heve  and 
tbere  a  bigh  ridg«  is  observed  jatting  op  against  the  base  of  the  moont- 
ains,  a  remnant  of  the  Mw-depoait  which  has  escaped  erosion.  The 
central  portion  of  the  iwige,  la  which  the  differenC  branches  of  the  East 
p]^  Oallatin    have  tbeir 

oriifiD,  is  compoaeil 
maluly  of  basalt,  ba- 
salt toffk,  and  brec- 
cia. These  have  been 
worn  into  Qte  nrast 
teidfU  architectural 
forma.  Mr.  Jackacm, 
tlie  photographer  of 
the  sarvey,  pene> 
trated  tbiaregion  for 
the  first  time  last 
Bommer,  and  ob- 
tained ftom  it  some 
most  marveloosly 
beantifbl  views  of  Xhe 
scenery.  I  donbt 
whether  there  is  a 
portion  of  the  West 


rrvim«>  ^l,e„   ^11   the   ele- 

A.  TTMd^ofbad^  ments  of  landscape 

beanty  are  more  happily  combined.  Palace  C^on  and  Palace  Bntte  are 
formed  of  stratified  tuffs  and  breccia,  and  these  palace-like  forms  are 
carved  out  of  the  solid  beds  by  tbe  slow  process  of  erosion  by  water.  In 
the  cn6on8,tbe  limestone-strata  frequently  crop  oatftom  beneath  1,500  to 
2,000  feet  in  thickness  of  this  volcanic  material.  The  reader  is  referred 
to  the  report  of  Dr.  Peale  for  the  details  of' the  geology  of  this  moat 
interesting  region.  From  the  East  Gallatin  to  the  West  Oallatin  Oaiioa 
there  are  perhaps  fifteen  or  twenty  little  branobes,  eaoli  of  which  risea 
near  tbe  crest  of  the  range  and  carves  ont  a  gorge  troxa  five  to  fifteen 
miles  in  length.  Each  of  these  caBons  would  afford  a  grflnd  study  f<H: 
tbe  geologist  as  well  as  tbe  pbotogrnpher.  But  we  conld  examine  only 
a  few  of  them.  Prom  the  entrance  of  West  Oallatin  Oafion  tbe  view 
down  tbe  valley  cannot  be  surpassed  for  beauty  in  this  land  of  pitttnr- 
esque  scenery.  Tbe  gently-rolling,  grass-covered  hills;  the  little  streams 
meandenitgtbroagfa  tbem,  fringed  on  either  side  with  a  thick  growth  of 
cottouwoods ;  the  numerous  fums,  golden  with  their  fields  of  wheat; 
and  over  all,  in  tbe  distance,  that  peculiar,  soft,  golden  haze,  which  cbar- 
actenzes  the  auturon-days  in  this  monntain-region,  lends  to  the  whole 
vision  a  cburrii  that  is  long  remembered.  As  the  setting  sun  of  antumn 
shines  upon  the  valley  and  surrounding  mountains,  all  olijectR  )<eera  to 
be  invented  ivith  an  uuugual  beauty,  which  remiuds  one  of  the  lines 
of  the  poet: 

An(1  eincct,  crvlni  dAj-B,  vlth  golden  haee. 

Molt  (luwD  tlib  umberskf. 

The  little  side  streams  that  come  in  from  the  mountains,  nnd  the 
various  main  branches  as  they  traverse  tbe  broad,  gnissy,  rolltTig  val- 
ley, with  tbfir  fringes  or  belts  of  green  Cottonwood  foliage,  added  much 
to  the  charming  beauty  of  the  scene.  Then,  iKtmming  it  in  on  every 
side,  are  flue  ranges  of  mountains,  whieh  now  seem  depressed  into  low 
passes  or  are  isolated,  then  rise  or  swell  into  lofty  peaks,  which  seem  as 
it  were  to  have  been  thrust  up  from  tbe  level  plains  nrouud.    I^ate  in 
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the  day  the  atmosphere  appears  unusually  clear  and  transparent,  and 
every  i>eak  and  canon  stands  out  in  a  relief  so  bold  that  one  seems  able 
to  look  into  the  very  recesses  of  these  grand  ranges.  So  close  do  they 
appear  to  the  beholder,  and  so  distinctly  are  the  details  brought  out, 
that  they  seem  to  lose  a  portion  of  that  dignity  which  arises  from  their 
grand  loftiness.  The  mountains  on  the  south  side  of  the  valley  from 
Spring  Canon  to  the  canon  of  the  West  Gallatin  are  not  very  rugged, 
and  are  covered  more  or  less  with  timber  and  a  vast  amount  of  super- 
ficial material,  concealing  the  rocks,  except  in  the  valleys  of  the  streams. 
The  valleys  or  gorges  of  the  streams  that  issue  fi-om  the  mountains 
dis<*lose  the  strata  of  Carboniferous  and  Silurian  limestones,  and,  though 
the  beds  are  thrown  into  remarkable  confusion,  5  et  the  general  inclina- 
tion is  evidently  northeast.  The  great  mass  of  the  bowlders  that  are 
brought  down  the  caiions  into  the  bottoms  below  is  of  igneous  origin. 

In  the  morning  the  east  ranges  are  usually  covered  with  a  smoky 
haze  which  makes  them  appear  distant  and  indistinct,  while  the  ranges 
opi)Osite  the  sun  are  brought  out  with  a  singular  relief.  In  no  conntiy 
are  the  varied  phases  of  scenery  better  shown  than  in  this.  For  the 
artist  this  country  must  open  up  a  new  world. 

We  will  now  ascend  the  Gallatin  Canon  to  the  source  of  the  river. 
This  cailon  had  never  been  explored  by  any  scientific  party  previously, 
and  even  the  settlers  in  the  open  valley  below  knew  nothing  about  it. 
A  few  hardy  miners  had  ascended  it  in  search  of  precious  minerals. 
The  Gallatin  River  seems  a«  it  were  to  be  crowded  in  between  the  two 
great  rivers,  the  Yellowstone  and  the  Madison,  and  it  has  therefore 
cut  a  continuous  gorge  through  the  rocks  for  more  than  seventy  miles, 
with  walls  on  either  side  rising  from  1,000  to  2,000  feet.  As  a  geolog- 
ical section  it  has  hardly  a  parallel  in  the  West.  On  this  account,  as 
well  as  from  the  novelty  of  the  region,  I  wish  to  describe  the  cailou  in 
detail. 

Just  on  tiie  west  side  of  the  Gallatin,  about  hfilf  a  mile  below  the 
canon,  is  a  ridge  of  Pliocene  sands  and  sandstones,  inclining  at  a  slight 
angle  from  a  thin  series  of  arenaceous  limestones.  Then  conies  a  ridge 
or  two  of  the  older  limestones,  probably  Silurian,  inclining  10^.  Then 
underneath,  and  farther  up  the  caiion,  the  reddish  feldspathic  quartz- 
ires  and  other  rocks  apparently  conforming  at  this  locality.  The  river 
at  the  moutli  of  the  canon  is  100  to  150  feet  wide,  and  rolls  swiftly  over 
its  rocky  bed,  with  an  average  depth  of  12  to  18  inches.  There  are 
well-marked  terraees  along  the  river,  though  not  peculiar,  like  those  on 
the  Madison.  At  the  lower  portion  of  the  caiion  the  gneissic  rocks  are 
well  ex[)()8ed,  the  hills  on  either  side  rising  to  a  height  of  GOO  to  1,000 
feet,  with  the  strata  nearly  vertical  or  inclinhig  northwest.  At  first 
view  the  limestones  seem  to  conform  with  the  granitic  strata,  but  the 
former  dip  northeast,  the  latter  northwest,  50^  to  SO'^.  The  peculiar 
banded  appearance  of  the  gneiss  is  shown  in  a  marked  manner. 

About  three  miles  up  the  canon,  near  the  entrance  of  Spanish  Creek, 
the  Gallatin  Hows  between  uplifted  ridges  of  limestone.  The  river 
tiows  nearly  north,  while  the  inclination  of  the  limestone-beds  is  about 
northeast,  and  the  diannel  is  cut  partly  across  the  ridges  and  partly 
in  the  intervals  between.  So  that  on  the  east  side  the  limestones  pre- 
sent a  remarkable  wall  of  the  outcropping  edges  of  the  strata,  1,000  to 
1,500  feet  in  height.  In  looking  directly  at  the  wall  the  strata  seem 
nearly  horizontal,  but  a  side  view  shows  the  dip  to  be  15^  to  25o.  On 
the  west  side  of  the  Gallatin  the  strata  incline  like  a  steep  roof  and  the 
ridges  of  arenaceous  limestone  rise  to  a  height  of  1,800  to  2,500  feet, 
and  are  aodoobtedly  of  Silurian  age.     Underneath  the  arenaceous 
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limt^srone  on  the  west  side  of  the  river  is  a  considerable  thickneF^s  of 
clie  ru5ty-hrown  sundstoDes,  pnddiug-stones,  clays,  &c.,  that  charac- 
terize the  ^iliiriaa  near  the  Three  Forks ;  but  these  beds  are  thiDuiiig 
oat  very  mpidly  in  their  southward  extension.    Spanish  Creek  flows 
iuti>  the  OalUitin  from  the  divide  on  the  west  side,  and  nearly  separates 
the  uuchaiigeil  strata  above  from  the  gneissic  rock  below.    A  few  patches 
of  lime^taues  iKTur  here  and  there.     In  the  limestones  on  the  east  side 
ot  the  iTaUatia*  great  quantities  of  fossils  occur,  Productns  semireiiculaius^ 
l\  IvHtiis^imiM^  ^tropkomena  analoga^  Hefnipronetes  crenistHa^  and  many 
others  (see  catalogue  of  Mr.  Meek)  of  Carboniferous  age.    On  the  west 
Miieof  the  river  thelimestone-ridgessoon  disappear  and  the  massive gnm- 
uoul  rucksapi^eun  rising  to  an  enormous  height,  covered  with  great  quan- 
ta tes  of  hu^thigments.  On  theeast  side,  the  Carboniferous  and  Silurian 
KhIs  oxteiiil  up  tor  about  live  miles,  when  they  slowly  disappear  over  the 
sauiuiits  of  the  granitic  mountains.    At  first  the  Carboniferous  lime- 
siiwK'S  exteiHl  down  to  the  water's  edge,  but  in  ascending  the  river  the 
sciuru  rtQie  rapidly  until- the  entire  mass  is  exposed,  renting  upon  the 
^tLra:iuic  gtvuiiK    Although  there  is  no  positive  non-conformity  between 
I  ho  ^.^arlvuiferims  and  Silurian,  yet  there  appears  to  be  a  well-defined 
phxsioal  line  of  seiKiration.    The  Silurian  limestones  are  more  massive, 
l»;uile,  vherly*  and  have  an  ancient  look,  while  the  Carboniferous  beds 
aiv  moix*  puiv  limestone,  and  with  thin,  well-defined  layers.    These 
a^S*^'**  linie«itones  alsi>  have  a  more  modern  appearance.    The  sides  of 
liv  nunuttaius  on  lioth  sides  of  the  Gallatin,  from  crest  to  crest,  are 
^omlvrlXdty  vugg^ni  and  picturesque.    The  limestones  are  frequently 
x^withvr^^l  into  the  most  i>eculiar  columns,  while  the  granites  are  worn 
*iiro  )::it%ud.  eastellatiHl  forms.    The  crest  of  the  ranges  on  the  entire 
i:.\  svio  \fcu  lite  tHist  side  is  composed  of  volcanic  rock,  while  on  the  west 
Nioe  (he  ivntrat  mass  is  gnmitic,  rising  in  high,  sharp  peaks,  10,0()0  to 
H\  hV  ivx»i  alMve  the  stvu    The  pines  cover  the  sides  of  the  mountains 
*:  t«iv  ihK'klv  in  many  places,  sending  their  roots  among  the  rocks 
u:iotv  the  «U\^vnt  is  almost  vertical.    About  t^^n  miles  above  tlie 
K  ii.i.iiHv  of  ihe  eai\on  the  granitic  rocks  rise  to  the  surface  on  the  east 
vwv  oi  the  iiallatin,  and  extend  ten  miles  up  the  river  in  full  force  on 
ss  ri  ^\lv«k  using  quickly  to  a  height  of  2,000  to  2,500  feet  above  the 
\\i  v^'*  ihc  uwr.     At  !ii*st,  detached  l)eds  of  limestone  may  be  seen  ui)on 
:a\^  ^\4;^  i^i-anin*- walls,  as  they  disappear  upon  the  summits  of  the 
t«KHi»u«iu.s^     Ihe  little  streams,  as  they  flow  down  from  the  divides  on 
xu  Vt  »h.k\  h<*\e  cut  ft»airful  gorges  through  the  granites.    The  narrow 
\:fNv>  \^»  Mh  sidi^  of  the  river  is  covered  with  immense  rounded 
*:»r*»iu^N^*ide»'^  ivndering  the  traveling  very  difficult.     For  a  dis- 
!  ui^v  \a  i\^  «hU\h  we  wer*^  obliged  to  travel  with  our  i)ack-train  very 
Mi»\w>  <mkI  ^ah  >:rt^*t  risk.    In  no  part  of  the  West  have  we  found  a 
UK^vUullKHkli  (nuU  and  this  may  account  for  the  fact  that  so  few  i>er- 
v^x  l»v*\v  *»v«\UhI  the  stream.    As  we  crossed  one  of  the  little  streams 
iIm;  *k^^  *>»u*  t^H^  llallatin  from  the  west  side,  we  observed  that  the 
\\:uv*  ^**  >v»A  ttuuUly,    Mr.  Sloane,  a  prospecter,  who  accompanicrl 
nx  iNH  |M\^x\K*^^  \\hile  he  was  searching  for  mines,  8n8i>ecting  that 
v^oe^  Wkv  «>^**  *^'  Xxk^kX  of  the  stream  a  fellow  miner  had  found  a  good 
»h»u>4  <^i^  ^'^^  w\v^^uig  it  out,  quietly  followed  the  stream  up  to  its 
MMH>NV     IW  ^*»*^*>-  w^'^^^*  '^*^^  \\f^^^  that  a  few  days  before  lightning  lutd 
Mtin'K  iW  o^*^^^^  ^xl^^wing  it  up  in  long  lines  sometimes  100  yards 
ov  ta^^v  .^•si  ^^  •»>'^  ^^  depth.    The  pines  grew  very  thickly,  but  over 
iia  rt»^^«*  ^V^  ^>'**  ^ '***''  **^^*  about  000  yards  long  the  trees  were  torn 
I  m«  aad  ImvK^'***  »>^  )vw^xv<    Trees  two  and  a  half  feet  in  diameter  were 
A/WfMf  f>*  ^»d  x\-*>^  i4^^vwn  several  hundred  yards  down  the  stream. 
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As  tbe  water  flowed  over  tlie  broken  g^roand  it  l)ecame  muddy,  and  at 
its  entrance  into  the  Gallatin  looked  like  tbe  water  of  a  miniug-gulrh. 
A  few  dayR  previously  there  was  a  terrific  thunder-storm,  accompanied 
by  strong  wind. 

About  twenty  miles  up  tbe  canon  the  granitic  rocks  cease,  and  a  re- 
markable ridge  of  limestones  extends  across  the  river  with  a  trend  about 
southeast  and  northwests  On  the  east  side  of  the  river  the  sharp  ridp^es 
rise  up  to  a  height  of  1,500  to  2,000  feet,  witb  an  inclination  of  5(P  south- 
wests  The  sides  as  well  afi  tbe  summits  of  these  ridges  are  remarkably 
rugged  and  jagged.  A  little  stream  comes  into  the  Gallatin  from  the 
Sphynx,  a  high  peak  on  the  divide  between  the  Gallatin  and  the  Madi- 
son. Tbis  stream  has  worn  its  rather  wide  grassy  valley  out  of  the  soft 
materials  of  tbe  Jurassic  beds,  leaving  the  harder  Carboniferous  and 
Silurian  lying  against  the  sides  of  the  mountain-range  like  a  huge  wall, 
extending  from  Cinnabar  Mountain  nortbwest  across  the  Gallatin  and 
Madison  Rivers.  The  Gallatin  Biver  cuts  this  ridge  nearly  at  riglit 
angles.  In  the  bed  of  a  little  stream  on  the  west  side  several  of  the 
OQtcropping  edges  of  the  limestone-strata  are  seen  which  have  been 
worn  down  to  the  level  of  the  valley.  This  group  of  sedimentary  strata 
forms  tbe  southwest  portion  of  the  anticlinal  of  wliicb  the  group  of  lime- 
stones described  a  short  distance  above  the  entrance  of  the  canon  is  the 
uortbeast  portion.  We  see,  therefore,  that  all  these  rivers,  the  Madison, 
Gallatin,  and  Yellowstone,  have  cut  their  channels  directly  through  the 
range.  Just  above  this  range  the  valley  expands  to  a  mile  in  width, 
and  tbe  hills  on  either  side  are  mucb  broken  and  are  so  covered  with  the 
sedimentary  be<ls  that  the  granitic  rocks  are  seldoD}  seen.  In  the  bot- 
tom is  a  group  of  springs  flowing  from  beneatb  the  limestones  that  are 
full  of  rank,  algous  vegetation.  The  temperature  of  the  water  is  re- 
spectively 5i^,  5GO,  550,  540,  430,  440.  These  springs  may  once  have 
been  very  hot,  like  those  about  the  sources  of  the  Madison.  Warm 
springs  are  not  uncommon  at  various  points  far  down  the  valley  of  the 
Yellowstone  as  low  as  the  mouth  of  Big  Horn  Eiver.  The  Silurian  and 
Carboniferous  strata  are  the  same  as  those  noticed  on  the  opposite  side 
of  the  range.  Conforming  to  the  Carboniferous  limestones,  so  far  as  can 
be  detect^  by  the  eye,  is  a  group  of  sandstones,  arenaceous  limestones, 
clays,  &c.,  which  are  undoubtedly  of  Jurassic  age.  High  up  on  the  range 
on  the  east  side  of  the  Gallatin  are  patches  of  the  Cretaceous  and  Coal 
p-oups,  as  seen  on  the  Yellowstone  near  Cinnabar  Mountain.  Above  the 
granitic  portion  of  the  canon  there  is  a  marked  depression  on  both  sides  of 
the  Gallatin,  and  small  streams  flow  into  the  river  over  the  softer  Jurassic 
beds.  These  beds  incline  at  so  great  an  angle  for  a  distance  of  only  about 
half  a  mile,  when  they  abruptly  become  horizontal.  In  the  elevation  of 
the  mountain-range  in  which  the  granitic  nucleus  bursts  through  the  sedi- 
mentary mass,  tipping  ofi'  on  either  side  the  strata,  the  whole  country 
was  elevated  to  a  greater  or  less  extent.  The  central  or  granitic  mass 
wiis  raised  up  in  the  form  of  peaks  from  9,500  to  10,500  feet  above  tide- 
water, and  tbe  sedimentary  beds  were  broken  off  and  lie  on  the  sides  of 
tbe  granitic  nucleus  in  a  nearly  vertical  position ;  while,  a  short  distance 
above  them,  the  crust  was  not  so  much  affected  «by  the  force,  the  same 
beds,  though  they  may  have  been  elevated  to  a  greater  or  less  height  in 
mass,  still  retain  their  horizontal  position  nearly.  So  we  And  a  group 
of  brown  sandstones,  conglomerates  or  pudding-stones,  and  quartzites 
passing  down  into  clays,  sandstones,  and  arenaceous  limestones.  Some 
ot  the  limestone-strata  are  made  up  of  an  aggregate  of  shells  which  ap- 
])ear  to  be  of  the  Jurassic  age.  We  pass  up  the  oiK3n  valley  of  tVie 
Gallatin  a  distance  of  about  four  miles,  witb  high  walls  of  Jur*A^^\c 
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limestone  on  the  west  side  of  the  river  is  a  considerable  thieknesss  of 
the  rusty-brown  sandstones,  pnddinpj-stones,  clays,  &c.,  that  charac- 
terize the  Silurian  near  the  Three  Forks ;  but  these  beds  are  thinning 
out  very  rapidly  in  their  southward  extension.  Spanish  Creek  flows 
into  the  Gallatin  from  the  divide  on  the  west  side,  and  nearly  separates 
the  unchanged  strata  above  from  the  gneissicrock  below.  A  few  patches 
of  limestones  occur  here  and  there.  In  the  limestones  on  the  east  side 
ofthe  Gallatin,  great  quantities  of  fossils  occnr,Pr(>Jtie£tM««mtre/ect(/a^M/f, 
i^  lo7igi4tpinu8,  htropliomenxi  analoga,  Retnipronete^  crenistHa^  and  many 
others  (see  catalogue  of  Mr.  Meek)  of  Carboniferous  age.  On  the  west 
side  of  the  river  thclimestone-ridgessoon  disappear  and  themassivegnin- 
itoiilrocksappear,  rising  toan  enormous  height, covered  with  great  quan- 
tities of  huge  fragments.  On  theeastside,  the  Carboniferous  and  Silurian 
beds  extend  up  for  about  five  miles,  when  they  slowly  disiippear  over  the 
summits  of  the  granitic  mountains.  At  first  the  Carboniferous  lime- 
stones extend  down  to  the  water's  edge,  but  in  ascending  the  river  tiie 
strata  rise  rapidly  until-  the  entire  mass  is  exposed,  resting  upon  the 
griniitic  group.  Although  there  is  no  |>ositive  non-conformity  between 
the  Carboniferous  and  Silurian,  yet  there  appears  to  be  a  well-defined 
l>hysical  line  of  separation.  The  Silurian  limestones  are  more  massive, 
brittle,  cherty,  find  have  an  ancient  look,  while  the  C*arboniferous  beds 
are  more  pure  limestone,  and  with  thin,  well-defined  layers.  These 
upper  limestones  also  have  a  more  modern  appearance.  The  sides  of 
the  mountains  (m  both  sides  of  the  Gallatin,  from  crest  to  crest,  are 
wonderfully  ruggetl  and  picturesque.  The  limestones  are  frequently 
weathered  into  the  most  peculiar  columns,  while  the  granites  are  worn 
iiito  grand,  castellated  forms.  The  crest  of  the  ranges  on  the  entire 
divide  on  the  east  side  is  composed  of  volcanic  rock,  while  on  the  west 
side  the  central  mass  is  granitic,  rising  in  high,  sharp  peaks,  10,000  to 
10,500  feet  above  the  sea.  The  pines  cover  the  sides  of  the  mountains 
quite  thickly  in  many  places,  sending  their  roots  among  the  roi*.ks 
where  the  descent  is  almost  vertical.  About  t,tm  miles  above  the 
t*ntrance  of  the  caiion  the  granitic  rocks  rise  to  the  surface  on  the  east 
side  of  the  Gallatin,  and  extend  ten  miles  up  the  river  in  full  force  on 
both  sides,  rising  quickly  to  a  height  of  2,000  to  2,500  feet  above  the 
l)e<l  of  the  river.  At  first,  detachecl  be<ls  of  limest^me  may  be  seen  ni)on 
th(^  high  granite-walls,  as  they  disappear  upon  the  summits  of  the 
mountains.  The  little  streams,  as  they  flow  down  from  the  divides  on 
either  side,  have  cut  fearful  gorges  through  the  granites.  The  narrow 
valley  on  both  sides  of  the  river  is  covered  with  immense  rounded 
granite-bowlders,  rendering  the  traveling  very  difficult.  For  a  <iis- 
taiiee  of  ten  miles  we  were  obliged  to  travel  with  our  pack-train  very 
slowly  and  with  great  risk.  In  no  part  of  the  West  have  we  found  a 
nuue  difficult  trail,  and  this  may  account  for  the  fact  that  so  few  jkh'- 
sons  have  ascended  the  stream.  As  we  crossed  one  of  the  little  streams 
that  How  into  the  Gallatin  from  the  west  side,  we  observed  that  the 
water  was  very  muddy.  Mr.  Sloane,  a  prospecter,  who  accompanie-l 
us  for  protection  while  he  was  searching  for  mines,  suspecting  tliat 
somewhere  near  the  h(»ad  of  the  stream  a  fellow  miner  had  found  a  good 
thing  and  was  working  it  out,  quietlj^  followed  the  stream  up  to  its 
source,  lie  found  near  the  head  that  a  few  days  before  lightning  hi:. I 
struck  the  ground,  plowing  it  up  in  long  lines  sometimes  100  yards 
or  more  and  six  feet  in  depth.  The  pines  grew  very  thickly,  but  ovrr 
an  area  150  feet  wide  and  about  GOO  yards  long  the  trees  were  torn 
down  and  broken  in  pieces.  Trees  two  and  a  half  fiH»t  in  diameter  were 
broken  off  and  were  thrown  several  hundred  yards  down  the  stream. 
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As  tbe  water  flowed  over  tlie  broken  grroand  it  l)ec»me  muddy,  and  at 
its  entrance  into  the  Gallatin  looked  like  the  water  of  a  ininiug-gulch. 
A  few  days  previously  there  was  a  terrific  thunder-storm,  accompanied 
by  strong  wind. 

Abont  twenty  miles  up  the  cation  the  granitic  rocks  cea^e,  and  a  re- 
markable ridge  of  limestones  extends  across  the  rivi^r  with  a  trend  about 
southeast  and  northwest.  On  the  east  side  of  the  river  the  sharp  ridges 
rise  up  to  a  height  of  1,500  to  2,000  feet,  with  an  inclination  of  5(P  south- 
west. The  sides  as  well  as  the  summits  of  these  ridges  are  remarkably 
rugged  and  jagged.  A  little  stream  comes  into  the  Gallatin  from  the 
Sphynx.  a  high  peak  on  the  divide  between  the  Gallatin  and  the  Madi- 
son. This  stream  has  worn  its  rather  wide  grassy  valley  out  of  the  soft 
materials  of  the  Jurassic  beds,  leaving  the  harder  Carboniferous  anil 
Silurian  lying  against  the  sides  of  the  mountain-range  like  a  huge  wall, 
extending  from  Cinnabar  Mountain  northwest  across  the  Gallatin  and 
Madison  Bivers.  The  Gallatin  Biver  cuts  this  ridge  nearly  at  right 
angles.  In  the  bed  of  a  little  stream  on  the  west  side  several  of  the 
outcropping  edges  of  the  limestone-strata  are  seen  which  have  been 
worn  down  to  the  level  of  the  valley.  This  group  of  sedimentary  strata 
forms  the  southwest  portion  of  the  anticlinal  of  which  the  group  of  lime- 
stones described  a  short  distance  above  the  entrance  of  the  caiion  is  the 
northeast  portion.  We  see,  therefore,  that  all  these  rivers,  the  Madison, 
Gallatin,  and  Yellowstone,  have  cut  their  channels  directly  through  the 
range.  Just  above  this  range  the  valley  expands  to  a  mile  in  width, 
and  the  hills  on  either  side  are  much  broken  and  are  so  covered  with  the 
sedimentary  beds  that  the  granitic  rocks  are  seldoui  seen.  In  the  bot- 
tom is  a  group  of  springs  flowing  from  beneath  the  limestones  that  are 
full  of  rank,  algous  vegetation.  The  temperature  of  the  water  is  re- 
spectively 540,  iyQo^  550^  540^  430^  440.  These  springs  may  once  have 
been  very  hot,  like  those  about  the  sources  of  the  Madison.  Warm 
springs  are  not  uncommon  at  various  points  far  down  the  valley  of  the 
Yellowstone  as  low  as  the  mouth  of  Big  Horn  Biver.  The  Silurian  and 
Carboniferous  strata  are  the  same  as  those  noticed  on  the  opposite  side 
of  the  range.  Conforming  to  the  Carboniferous  limestones,  so  far  as  can 
be  detect^  by  the  eye,  is  a  group  of  sandstones,  arenaceous  limestones, 
clays,  &c,  which  are  undoubtedly  of  Jurassic  age.  High  up  on  the  range 
on  the  east  side  of  the  Gallatin  are  patches  of  the  Cretaceous  and  Coal 
gix>ups,  as  seen  on  the  Yellowstone  near  Cinnabar  Mountain.  Above  the 
granitic  portion  of  the  canon  there  is  a  marked  depression  on  both  sides  of 
the  Gallatin,  and  small  streams  flow  into  the  river  over  the  softer  Jurassic 
beds.  These  beds  incline  at  so  great  an  angle  for  a  distance  of  only  about 
half  a  mile,  when  they  abruptly  become  horizontal.  In  the  elevation  of 
the  mountain-range  in  which  the  granitic  nucleus  bursts  through  the  sedi- 
mentary mass,  tipping  ofi'  on  either  side  the  strata,  the  whole  country 
was  elevated  to  a  greater  or  less  extent.  The  central  or  granitic  mass 
was  raised  up  in  the  form  of  i)eaks  from  9,500  to  10,500  feet  above  tide- 
water, and  the  sedimentary  beds  were  broken  off  and  lie  on  the  sides  of 
the  granitic  nucleus  in  a  nearly  vertical  position  ;  while,  a  short  distance 
above  them,  the  crust  was  not  so  much  affected  by  the  ibrce,  the  same 
beds,  though  they  may  have  been  elevated  to  a  greater  or  less  height  in 
mass,  stiU  retain  their  horizontal  position  nearly.  So  we  find  a  group 
of  brown  sandstones,  conglomerates  or  pudding-stones,  and  quartzites 
passing  down  into  clays,  sandstones,  and  arenaceous  limestones.  Some 
of  the  limestone-strata  are  made  up  of  an  aggregate  of  shells  which  ap- 
l)ear  to  be  of  the  Jurassic  age.  We  pass  up  the  o]>en  valley  of  the 
Gallatin  a  distance  of  about  four  miles,  with  high  walls  of  Jurassic 
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strata  ou  either  side,  forming  an  aggregate  of  about  1,200  feet  in  tbick- 
iu\ss.  Attbeuppereudof  thelittlebasinoropenvallej^theCarbouiferous 
limestones  rise  up  from  beneath  the  Jurassic  and  soon  form  high  vertical 
walls.on  both  sides  of  the  river.  From  this  point  to  the  soui*ce  of  the 
river,  Carboniferous  limestones  prevail  to  a  greater  or  less  extent.  For 
about  fifteen  miles  the  river  has  carved  out  a  caiion  with  the  nearly 
horizontal  strata  of  limestones  rising  with  vertical  walls  on  either  side 
8o(»  to  1,200  feet.  The  inclination  of  the  strata  appears  slight,  not  more 
than  1^  to  30.  The  limestones  are  mpstly  in  rather  thin  layers,  but  some 
(»r  them  form  massive  beds.  The  entire  group  presents  the  usual  variety 
01  texture  common  to  limestones  of  this  age.  The  fossils  are  quite 
a)>uudant,  and  all,  so  far  as  could  be  determined,  of  well  known  Carbou- 
ij«»rous  types.  Tliis  part  of  the  Ciiiiou  is  most  picturesque;  the  high 
limestone  walls  (m  either  side  are  weathered  into  toweis  and  Gothic 
pinnacles  and  in  some  instances  wonderfully  grotesque  forms.  It  would 
liardly  be  [)ossil>le  to  find  as  complete  a  section  of  the  strata  anywhere 
in  the  Northwest  as  is  shown  in  this  caiion. 

For  the  entire  distance  of  seventy  miles  the  river  has  carved  its  chan- 
nel out  of  the  solid  mass,  most  of  the  way  hemmed  in  with  narrow  ver- 
tical walls,  but  here  and  there  expanding  out  a  little  with  a  narrow  open 
basin,  but  soon  closing  up  again.  We  can  here  obtain  something  like  a 
correct  estimate  of  the  thickness  of  these  groups  of  strata.  I  estimate 
the  Jurassic  group  at  1,200  feet  and  the  Carboniferous  at  2,500  to  3,000, 
the  Silurian  group  800  to  1,000  feet.  From  time  to  time  we  see  some 
irregularities  in  the  strata,  but  these  seem  to  arise  from  local  influences. 
I>ut  at  a  i)oint  in  the  Gallatin  Valley,  about  opposite  Cinnabar  Mount- 
ain, the  entire  mass  of  sedimentary  beds  is  again  suddenly  tilted  at 
an  angle  50°  to  70^  about  west  or  southwest.  The  entire  series  of  beds 
seems  to  be  exposed  here  from  the  Silurian  to  the  Coal  group  inclusive. 
The  Jurassic  grouj)  of  beds  inclines  about  50°,  but  a  little  farther  up  on 
the  west  side  of  the  Gallatin,  and  extending  up  toward  the  divide,  are 
the  Cretaceous  and  Tertiary  (coal)  groups,  nearly  in  a  horizontal  posi- 
tion, capped  With  basaltic  rocks.  In  this  valley,  from  crest  to  crest  of 
the  divide,  the  strata  have  been  thrown  into  the  most  chaotic  positions. 
><>  system  could  be  wrought  out  of  the  confusion.  Sometimes  the  lower 
limestones  capi)ed  the  higliest  hills  and  the  youngest  beds,  as  Cretaceous 
and  Tertiary  wouhl  be  found  nearlj'  horizontal  in  the  lowest  valleys 
on  the  divide  between  the  Gallatin  and  Yellowstone.  At  one  point  we 
discovered  a  group  of  springs  that  deserves  a  notice  here.  These  springs 
gush  out  of  the  side  of  the  mountain  from  the  limestones  about  100  feet 
above  the  river,  and  in  the  aggregate  form  quite  a  stream  of  water. 
Great  quantities  of  Calcareous  tufa  surround  the  springs,  and  the  vege- 
tation is  remarkably  luxuriant.  Helices  are  scattered  thickly  for  some 
distance  in  every  dnection,  sometimes  giving  the  surface  a  snow-whit<3 
a])pearance  in  the  distance.  These  land-shells  occur  in  greater  or  less 
abundance  among  the  limestones.  The  river  is  now  fed  almost  entirely 
by  springs  which  issue  from  beneath  the  limestone-strata  which  prevail 
eveiywhere.  The  Jurassic,  Cretaceous,  and  Tertiary  occur  only  in  iso- 
lated [)atches.  As  we  continue  on  up  the  valley  we  find  it  sufficiently 
open  for  good  roads,  sometimes  extending  out  one-fourth  to  one-half  a 
mile  in  width.  Grass  is  good,  and  in  many  places  quit«  wide  ravines 
extend  down  from  the  divide  on  either  side  that  have  excellent  grass. 
For  this  reason  this  valley,  or  canon,  as  it  might  be  called,  has  been  in 
times  past  a  great  resort  for  Indians.  Traces  of  the  camps  are  seen 
everywhere.  The  high  walls  that  hem  it  in  on  either  side  furnished  a 
protection,  not  only  from  their  enemies,  but  from  high  winds  and  severe 
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C5old.  A  tribe  could  remain  here  an  entire  season  well  protected,  while 
tbe  yoang  men  could  go  out* on  either  side  among  the  mountains  in 
search  of  game.  At  one  point  great  quantities  of  dry  pines  have  been 
washed  down  from  the  mountain-side  as  if  by  a  sort  of  local  flood.  The 
fires  frequently  run  over  the  mountsiins,  killing  the  green  pines,  so  that 
soon  after  they  fall  down  covering  the  ground.  Here  they  had  accumu- 
lated in  immense  piles,  and  the  Indians  had  at  some  period  employed 
them  in  building  fortifications  for  themselves  and  their  animals,  as  pro- 
tection from  their  enemies. 

The  well-known  Bannock  trail  passes  by  this  valley,  i^ear  the  forks 
of  the  Gallatin  some  igneous  rocks  rise  up  from  beneath  the  limestones 
200  to  600  feet  high.  They  are  exposed  for  a  mile  or  more,  and  appear  to 
be  the  same  as  those  composing  the  dike  in  the  Devil's  Slide  on  tlie  Yel- 
lowstone. The  limestones  have  been  i^ushed  up,  as  it  were,  so  that  they 
incline  from  either  side,  passing  down  beneath  the  general  level  from 
the  igneous  exposure.  Several  quite  large  streams  come  in  on  either 
side  to  form  the  Gallatin,  each  cutting  a  deep  gorge  through  the  rocks 
from  the  crest  to  the  river-bed.  The  main  branch  rises  at  the  foot  of 
Mount  Gallatin.  A  dome-shaped  peak,  which  overlooks  the  valleys 
of  tbe  Yellowstone  and  Gallatin,  is  one  of  the  finest  mountains  in  the 
range,  and  commands  a  most  extended  view  in  every  direction.  The 
forces  seem  to  have  operated  with  great  irregularity,  breaking  the  lime- 
stone-crust in  every  direction  and  producing  chaos.  Sometimes  a  great 
thickness  of  the  beds  is  found  in  the  lower  valleys  in  a  nearly-horizontal 
X>osition ;  again  they  cap  the  highest  mountains,  either  inclining  at  a 
greater  or  less  angle  from  the  sides  or  lifted  up  bodily  to  the  summit. 
We  have  thus  attempted  to  describe  in  some  detail  the  geological  struc- 
ture of  this  remarkable  valley.  No  man  had  ever  looked  upon  it  before 
with  the  eye  of  the  geologist,  and  very  few  persons  had  ever  visited  it 
for  any  purpose.  The  topography  was  entirely  new.  In  a  subsequent 
report,  when  we  have  to  present  a  general  view  of  the  geology  of  the 
Northwest,  we  hope  to  make  the  subject  still  clearer  by  means  of  the 
beautiful  illustrative-section  taken  by  the  artist  of  the  expedition,  Mr. 
Holmes. 

We  will  now  return  to  the  Three  Forks  and  record  the  few  hasty 
notes  taken  on  our  return  homeward  by  waj'  of  Helena.  It  is  not  pos- 
sible to  do  justice?  to  the  geology  of  this  most  interesting  region  now, 
but  at  some  future  time  we  hope  to  return  to  this  work  again. 

I  have  already  described  briefly  the  geological  features  of  the  country 
about  the  Three  'Forks.  The  interesting  synclinal  shown  in  the  cut 
extended  toward  the  northwest.  The  stage-road  to  Helena  passes 
along  the  northwest  end,  so  that  we  could  see  the  relations  of  the  sedi- 
mentary beds  to  the  underlying  granites.  We  thus  ascertained,  what 
we  had  previously  suspected,  that  the  entire  scries  of  beds  had  been 
lifted  up  in  such  a  way  thjjt  they  now  all  inclined  more  or  less  past  a 
vertical,  varying  from  20^  to  45o.  On  the  west  side  of  this  ridge  the 
granitic  rocks  rise  up  from  beneath  the  Silurian  beds  over  a  broad  area. 
Many  of  them  are  much  rounded  from  having  formed  the  bottom  of  the 
old  Pliocene  lake.  The  irregularities  of  the  surface  are  now  tilled  up 
with  these  lake-deposits.  Passing  beyond  the  ridge  northward  toward 
Heleita,  we  come  to  the  broad  valley  of  Crow  Creek,  about  twelve  miles 
wide,  a  stream  which  flows  into  the  ]\Iis80uri  from  the  west.  The  area 
which  fonns  the  drainage  of  this  creek  is  underlaid  with  granitic  rocks, 
and  rich  placer-mines  are  wrought  in  the  gulches  of  the  small  branches. 
Eadersburgh  was  founded  on  the  discovery  of  the  "placer- mines,  and  is 
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still  sustained  more  or  less  by  them.  The  limestone-ridges,  which  can 
be  seen  on  either  side  of  this  broad  valley,  are  only  remnants  of  what 
must  once  have  extended  over  a  lari^e  area  of  country.  In  the  ridge 
west  of  the  town  of'Radersburgh  the  lower  strata  are  inverted,  inclining 
past  a  vertical  45^,  while  the  Carboniferous  limestones  stand  nearly 
vertical,  though  the  quartzites  and  red  sandstones  of  the  Jurassic  are 
either  vertical  or  incline  past  5^.  These  red  Jurassic  beds  I  think  are 
the  same  as  those  shown  along  the  banks  of  the  Missouri,  at  the  Great 
Falls.  The  thickness  of  these  beds  is  greatly  increased  as  we  proceed 
northward,  and  at  this  point  must  be  1,000  to  1,500  feet  thick.  The 
sedimentary  beds  extend  to  Indian  Greek,  and  then  suddenly  disappear, 
and  then  along  the  flanks  of  the  mountains  on  the  west  side  of  the  road 
only  a  great  thickness  of  drift-material  is  seen.  The  little  streams, 
which  have  worn  deep  gulches  into  the  mountain-sides,  have  also  worn 
channels  through  the  drift,  exposing  its  thickness  and  character  very 
clearly. 

The  placer-mines  are  very  extensive.  Some  valuable  silver-mines 
have  been  discovered  in  the  mountains.  The  Missouri  Valley  here 
is  about  twenty  to  twenty-live  miles  in  width,  with  high  ranges  of 
mountains  on  both  sides.  From  Kadersburgh  the  road  passes  over  the 
vertical  edges  of  the  dull,  purplish  Jurassic  beds  for  twelve  miles,  to 
Indian  Creek.  The  drift  is  made  up  of  rounded  bowlders  mostly,  and 
must  be  300  to  500  feet  thick.  Extending  eastward  toward  the  Mis- 
souri, in  the  belt  of  sedimentary  beds  between  Radersburgh  and  Indian 
Creek,  may  be  seen  a  rather  level,  rounded,  cretaceous  hill,  so  grassed 
over  that  few  ont-croppings  could  be  observed.  I  had  very  little 
opportunity  of  examining  the  rocks  about  Helena,  but  believe  that  they 
are  mostly  granitic,  capped  here  and  there  with  strata  of  the  Silurian 
age.  It  is  also  probable  that  there  are  remnants  of  Carboniferous  beds 
in  some  places  in  the  vicinity. 

In  passing  along  the  stage- road  a  little  west  of  south  from  Helena  to 
the  valley  of  the  Jetterson  Fork,  a  few  patches  of  the  older  Silurian 
beds  are  seen,  while  among  the  low  hills  the  lake-deposits  show  that  the 
entire  country  was  a  vast  freshwater  lake  at  a  comparatively  modern 
period.  The*  high  hills  on  either  side  of  the  road  are  weathered  into 
curiously  rounded  forms  and  covered  with  grass.  Prickly  Pear  Caiion 
is  a  remarkable  district  for  placer-mines.  Water  seems  to  be  abundant. 
The  rocks  are  mostly  rusty-brown  gneisses,  weathering  into  forms  mach 
like  those  in  the  Laramie  Range  near  Sherman,  Union  Pacific  Railroad. 
These  gi-anitic  rocks  extend  to  the  source  of  Prickly  Pear  Creek, 
and  the  high  hills  on  either  side  are  covered  thickly  with  pines.  Jef- 
ferson City  is  located  among  the  reddish-granitic  hills.  From  the  head 
of  Prickly  Pear  Creek  we  crossed  the  divide  to  the  valley  of  North 
Bowlder,  and  in  the  valley  on  either  side  the  massive  granites  rise  in 
low,  singularly-shaped  columns,  piles,  &c.,  giving  to  the  region  the  ap- 
pearance of  old  ruins.  Wherever  gold-mines  are  found,  whether  in  the 
lodes  or  gulches,  we  may  be  assured  that  the  gneissic  rocks  are  exposed. 
We  have  up  to  this  time  been  able  to  do  little  more  than  make  a  recon- 
naissance of  one  of  the  most  interesting  and  instructive  portions  of  the 
West,  in  a  geological  point  of  vie  v.  The  reports  of  the  surveys  for  1871 
and  187ii  can  certainly  claim  to  be  valuable  contributions  toward  the 
geology  of  Montana  and  Idaho,  and  at  some  future  period,  when  the  coun- 
try has  become  more  easily  accessible,  the  work  may  be  resumed  and 
carried  on  to  completion. 

We  have  thus  far  attempted  to  describe  briefly  the  main  geological 
features  of  the  district  explored  by  the  party  during  the  past  season. 
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Nowhere  in  Montana  have  I  fonnd  the  anticlinal  folds  or  the  synclinal 
Talleys  so  distinctly  defined  as  in  the  interior  basin  of  Utah.  Still, 
there  are  frequent  local  synclinals  and  anticlinals,  as  we  find  them 
developed  below  the  Three  Forks.  The  prominent  features,  however,  are 
the  widely-extended  areas  of  elevation,  though  a  single  anticlinal  may 
embrace  several  apparently  distinct  ran  ges  of  mountains.  The  operations 
of  the  sarvey  during  the  past  season  more  strongly  convince  me  of  the 
position  that  I  have  so  often  taken  in  my  reports,  of  the  originally  wide- 
extended  and  continuons  character  of  the  entire  group  of  sedimentary 
strata;  that  where  that  continuity  is  broken  it  is  the  result  of  upheaval 
attended  with  erosion.  It  is  possible  that  the  later  Tertiary  group  may 
not  have  been  continuous,  but  existed  in  basins.  But  from  the  Silurian 
to  the  Upper  Lignite  group,  inclusive,  a  thickness  of  10,000  to  15,000 
feet  extended,  in  an  unbroken,  horizontal  mass,  over  nearly  or  quite  the 
entire  area  of  Montana,  and  probably  much  more  widely;. and  that 
what  we  find  remaining  at  the  present  time  are  only  remnants  of  this 
vast  mass.  Occasionally  the  entire  series  of  formations  is  exposed,  as 
in  the  East  Gallatin  Bange,  where  for  twenty  miles,  on  a  line  from  east 
to  west,  the  entire  series  of  sedimentary  strata  may  be  seen  from  the 
Siluriantothetop  of  the  Lignite  group  in  consecutive  order. ,  (SeeFig.24.) 
The  groups  of  limestones  and  other  rocks,  a«  we  see  them  inclining  from 
the  Yellowstone  Bange,  in  the  Yellowstone  Valley,  show  that  they  once  ex- 
tended uninterruptedly  over  the  entire  area,  where  now  mountain-peaks 
rise  amid  perpetual  snows,  11,000  feet  above  the  sea.  The  Silurian  group 
increases  in  importance  as  we  proceed  northward  from  the  Three  Forks, 
and  southward  from  that  point  it  diminishes  in  thickness  and  changes 
very  much  its  mineral  texture.  Toward  the  south  we  find  little  of 
the  thin  shaly  and  mud  layers  with  the  variegated  sandstone,  but  in 
their  stead,  a  quartzite  passing  up  into  a  very  hard,  brittle  limestone. 
Still,  we  believe  that  this  group  in  some  form  and  with  greater  or  less 
thickness  underlies  the  greater  part  of  the  Rocky  Mountain  region. 
About  the  Black  Hills  of  Dakota  and  the  Big  Horn  Bange,  the  Potsdam 
group  presents  a  different  mineral  structure  from  the  rocks  of  the  same 
age  about  the  sources  of  the  Missouri. 

The  Carboniferous  group,  like  most  sea-deposited  rocks,  is  very  widely 
distributed.  It  is  probable  that  it  will  eventually  appear  that  this 
group  of  beds,  as  it  is  known,  west  of  the  Mississippi  will  be  found  to 
cover  a  wider  extent  of  tenitory  and  to  maintain  a  more  uniformly 
similar  mineral  texture  than  any  other  formation  in  the  scale.  By 
reference  to  the  list  of  fossils  prepared  for  this  report  by  Mr.  Meek,  it 
will  be  seen  that,  even  in  the  most  widely-separated  localities,  there 
is  a  similarity  or  identity  in  the  organic  remains.  Old  Baldy,  at  the 
head  of  Alder  Gulch,  fonns  a  portion  of  a  limestone-ridpje  in  which  the 
series  of  beds  is  shown  with  a  vertical  thickness  of  1,000  to  2,000 
feet  and  extends  off  to  tUe  soutliv/est,  giving  origin  to  the  Stinking 
Water,  Black  Tail  Deer  Creek,  Bed  Bock  Creek,  and  many  others. 
These  beds  have  a  general  dip  to  the  southeast.  We  believe  also  that 
the  Jurassic  and  Cretaceous  group  had  a  very  wide  extension,  though 
perhaps  not  as  great  as  that  of  the  older  formations.  They  have  been 
more  extensively  worn  aWtnj-  so  that  at  the  present  time  they  occur  in 
fragments  among  the  upheaved  mountain  ridges  and  covering  restricted 
areas.  So  far  as  the  position  of  the  sedimentary  rocks  is  concerned, 
they  may  occur  at  any  elevation.  The  beds  may  pass  under  the  lowest 
valleys  or  be  found  capping  the  gneissic  rocks  upon  the  summit  of  the 
highest  mountains.  This  is  certainly  not  due  to  any  inequality  of  the 
surface  of  the  gneissic  rock  prior  to  the  deposition  of  the  succ».eeding 
bedS;  but  unquestionably  to  upheaval. 
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There  is  one  featnie  in  the  geidogioal  BtiDctaie  of  the  motmtaiDS 
of  Montanaif  observed 
by  the  RirTey  of  the 
past  seaaona  for  the  first 
time  »Dd  not  notioed  in 
each  a  marlced  degree 
in  aop  other  portion  of 
the  Wests  and  that  io 
the  i  uversion  ttf  the  aed- 
iinentary  beda,  ao  that 
the  oldeat  incline  at  a 
greater  or  leas  angle  on 
those  of  more  modem 
ages.  Thisphenomenon 
ocean  at  a  nombor  of 
places,  but  the  moat 
marked  are  in  the  mid- 
dle caStm  of  the  Madi- 
son, at  the  head  of  ■ 
Jackaas  Oreel^  and  in 
the  East  Oallatin  range. 
Several    illuatiationB 
•  are  given  in  thta  report 
I  which  vill  render  this 
a  matter  clear.    The  fol- 
3  lowing  jllnstration  rep- 
I  leaents  a  section  i^m 
^  east  to  west  thnragh 
i  tbeEastUallatinrauge. 
g  (tiig.2i.)    The  Silurian 
i  strata   incline   past   a 
g  verticalSOotoSOo.  The 
E  central  portions  of  the 
-  range   are  Carbonifer- 
ous limestones  and  are 
nearly  or  quite  vertical, 
while  eastwanl  the  Ju- 
rassic, CretaceoQB,  and 
ligiiitic   strata    incline 
at  variooa  angles  and 
pass  down  in  step-like 
ridges  tothe  valley  of 
Shields's  Biver,  aa  they 
were  gradually  elevated 
by  the   nplitt   of  the 
range.     We  will    not 
ciitcr  into  a  discussion 
here  of  tbe  origin  of 
the  forces  that  brought 
about  these^esults,  but 
it  would  appear  that 
there  were  two  in  ope- 
rntion,oue  which  raised 
the  mass  vertically,  and 
a   side    or    taugeutiiil 
foi-ce  which  crowded  the  Siluiian  beds  over  past  a  vertical.    In  some 
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instances  all  the  beds  are  inverted  from  the  Silurian  to  the  lignite 
inclasive. 

Another  interesting  point  I  have  reserved  for  discussion  at  a  more 
favorable  time  is  the  formation  of  cailons  and  vallejs  of  the  rivers, 
which  enter  into  the  scenery  of  the  country  as  a  most  conspicuous  fea- 
ture. The  fact  that  the  streams  seem  to  have  cut  their  way  directly 
through  mountain-ranges,  instead  of  following  synclinal  depressions, 
indicates  that  they  began  the  process  of  erosion  at  the  time  of  the  com- 
mencement of  the  elevation  of  the  surface.  This  is  shown  all  along 
the  valley  of  the  Yellowstone,  and  more  conspicuously  in  the  valleys 
of  the  Madison  and  Gallatin,  which  have  carved  immense  cafions  or 
gorges  directly  through  two  of  the  loftiest  ranges  of  mountains  in  Mon- 
tana. We  believe  that  the  course  of  these  streams  was  marked  out  at 
or  near  the  close  of  the  Cret^iceous  period,  and  as  the  ranges  of  moun- 
tains were  in  process  of  elevation  to  their  present  height  the  -erosion  of 
the  channels  continued.  The  details  of  the  observations  which  con- 
tribute to  form  this  opinion  would  occupy  a  chapter  or  two. 

The  superficial  or  drift  deposits  which  some  times  attain  a  great  thick- 
ness are  regarded  as  of  local  origin.  As  I  have  so  often  stated  in  my 
previous  reports,  I  have  never  been  ablfe  to  find  any  evidence  in  th 
Rocky  Mountain  region  of  what  is  usually  termed  a  northern  drift. 
There  are  many  other  points  of  great  interest  which,  if  time  and  oppor- 
tunity occur  in  the  years  that  are  to  come,  we  hope  to  treat  as  exhaust- 
ively as  our  obser\^ations  will  permit,  and  we  regret  that  we  have  not 
been  able  to  make  more  than  a  passing  allusion  to  them  in  this  report. 

The  brief  report  of  Hon.  N.  P.  Langford,  superintendent  of  the  Yel- 
lowstone National  Park,  who  accompanied  the  Snake  River  division, 
will  be  read  with  great  interest  for  its  practical  character.  The  thanks 
of  the  survey  are  extended  to  him,  not  only  for  the  interesting  and  val- 
uable report,  but  also  for  the  great  services  he  rendered  the  party  while 
on  the  route.  The  remarkable  feat  of  Messrs.  Stevenson  and  Langford 
in  ascending  the  Grand  Teuton,  which  will  soon  become  familiar  to  the 
reading  public  through  the  pages  of  Scribner's  Monthly,  will  always 
invest  this  region  with  an  interest  second  only  to  the  wonders  of  the 
National  Park. 

I  had  expected  a  valuable  report  from  Mr.  William  Blackmore,  who 
accompanied  the  survey  for  several  weeks  as  a  guest.  The  survey  is 
under  many  obligations  for  most  valuable  services  from  this  very  liberal 
and  intelligent  gentleman,  and  it  is  proud  to  regard  him  as  one  of  its 
four  honorary  members.  It  is  probably  due  to  Mr.  Blackmore's  absence 
in  Europe  that  we  are  deprived  of  his  valuable  views  in  regard  to  the 
laying  out  of  the  park. 

I  would  also  call  attention  to  the  report  of  Mr.  Hering,  which  we  hope 
will  be  useful  to  railroad-men  as  well  as  to  the  general  public. 
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liEPORT  OF  N.  P.  LANGFORD  ON  TOE  RESOURCES  OF 

SNAKE  RIVER  VALLEY. 

Dear  Sir:  In  complmuce  with  your  request,  I  herewith  submit  for 
your  use  a  couuected  report  of  the  observations  I  was  enabled  to  make 
while  aecouipanying  that  portion  of  the  geological  survey  under  the 
ijiuperintendeuce  of  Mr.  James  Stevenson,  from  Fort  Hall,  Idaho,  to  the 
Geyser  Basin,  Fire-Hole  River,  and  thence  down  the  Yellowstone  and 
on  to  the  Three  Forks  of  the  Missouri.  The  only  knowledge  that  could 
be  obtained  of  the  country  through  which  we  were  to  i>a8S  was  derived 
from  old  trappers,  and  such  accounts  as,  upon  the  faith  of  his  informants, 
Mr.  Irving  had  incorporated  in  his  interesting  volumes  of  Astoria  and 
Bonneville's  Adventuies,  neither  of  them  very  llattering  ])ictures. 

One  grand  object  of  the  survey,  next  to  a  topographical  description 
of  the  country,  was  to  ascertain  its  adaptability  for  wagon-road  and 
railroad  improvements  and  its  industrial  resources.  If  it  could  be  made 
accessible  by  these  means,  it  would  i)resent  a  new,  practicable,  and 
much  shorter  route  for  travel  from  the  Union  and  Central  Pacific  Rail- 
roads to  the  settled  portions  of  Montana  Territory  and  to  the  great 
wonders  of  the  Upper  Yellowstone ;  and  it  was  especially  with  a  view 
to  determine  this  question  that  I  noted  the  general  appearance  and 
character  of  the  country.  '    . 

To  any  one  who  has  ever  read  in  the  writings  of  Mr.  Irving  the 
various  descriptions  of  the  Upper  Valley  of  Snake  River,  the  idea  of 
penetrating  it  by  a  railroad  would  seem  ludicrous  in  the  extreme ;  but 
in  these  days,  when  railroads  go  everywhere  that  civilization  goes,  we 
may  venture  the  confident  assertion  that  the  d^y  is  not  far  distant 
when  the  obstructions  of  this  hitherto  unpromising  region  will  be  wholly 
subdued  by  them. 

On  that  part  of  our  route  lying  between  Fort  Hall  and  the  North 
Fork  of  Snake  River,  the  country  is  in  a  great  measure  barren,  being, 
for  most  of  the  distance,  a  sandy  plain.  There  are  a  few  rocky  eminen- 
ces between  Snake  River  Bridge  and  the  North  Fork  of  the  river ;  none, 
however,  which  would  require  a  grade  of  over  50  feet  to  the  mile  or 
any  great  deviation  from  an  air-line.  Any  road  along  this  part  of  the 
route  would  follow  the  general  course  of  the  river,  crossing  its  mean- 
ders, which  are  neither  numerous  nor  large.  Much  of  the  Upper  Valley 
of  Snake  River  presents  on  either  shore  a  level  table  of  trap-rock, 
which  could  be  utilized  as  a  road-bed  with  great  advantage.  The  most 
dillicult  part  of  the  entire  route,  as  I  conceive,  would  be  between 
]Mai  ket  Lake  and  the  mouth  of  the  North  Fork.  Our  party  deflected  on 
tills  route  from  a  direct  course  of  travel  so  as  to  visit  the  Three  Tetons, 
the  fairious  mountain  land-marks  of  Snake  River  Valley.  This  journey 
took  us  some  twenty-two  miles  out  of  our  course.  Soon  after  crossing 
the  North  Fork,  we  began  to  meet  with  evidences  of  a  more  promising 
country.  Bunch-grass  was  found  in  the  richest  profusion,  and  after  a 
lc*\v  (lays'  travel  we  entered  the  Teton  Basin,  which  lay  spread  out 
luMbre  us  like  the  laud  which  Lot  saw  when  he  parted  fi*om  Abraham. 
Tills  basin  is  more  than  eight  hundred  square  miles  in  extent,  is  cov- 
ered with  perennial  grasses,  well  w\atered  by  large  streams  fringed  with 
an  abundant  growth  of  cottonwood,  furnishing  sullicient  timber  for  all 
till'  practical  ])nrposes  of  life,  while  the  adjacent  mountains  are  covered 
with  tall  pines,  furnishing  the  finest  timber  in  the  world.    The  soil, 
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receiving  its  nutrition  from  the  detritus  washed  down  from  the  mountains 
and  from  the  deposits  of  frequent  overflows,  is  rich,  deep,  and  strong, 
yielding  readily  to  culture.  Ample  facilities  for  frrigation  are  afforded 
hy  the  river  and  small  streams  that  feed  it  There  is  not  a  finer  stock 
raising  region  on  the  continent.  Favored  in  its 'location  with  a  dry, 
pui*e  atmosphere,  rain  occurring  only  for  a  few  days  in  the  spring,  snow 
seldom  falling  in  the  valley  of  sufficient  depth  to  bury  the  herbage,  and 
the  weather,  with  the  exception  of  an  occasional  day  in  winter,  never 
so  cold  as  to  render  a  shelter  necessary  for  cattle,  it  seemed  to  us  to 
unite  more  of  the  needful  elements  for  successful  stock-raising  than 
any  other  equal  portion  of  the  mountain-region.  My  opinion  in  this 
respect  has  been  fully  rexilized  by  the  experience  of  cattle  and  sheep 
raisers  in  like  regions  of  Montana,  who  upon  these  extensive  valley 
ranges,  which  afford  constant  and  abundant  food  both  winter  and  sum- 
mer, producing  beef  and  mutton  equal  in  fatness  and  sui)erior  in  flavor 
to  the  best  stall-fed  meats  of  Illinois,  have  found  the  country  peculiarly 
favorable  to  the  increase  of  their  flocks  and  herds.  Heifers  give  birth 
to  young  oftener  at  the  age  of  fifteen  to  eighteen  months  than  at  any 
later  period.  Frequently  those  of  more  mature  age  produce  twins,  and 
with  many  flocks  of  ewes  a  single  lamb  at  a  birth  is  an  exception  to 
the  common  experience.  Disease  of  any  kind  is  unknown  among  cattle 
and  sheep,  and  it  is  only  when  the  snows  arq  very  deep  and  the  weather 
very  cold  that  they  suffer  from  exposure.  With  ordinary  care  and  i)ro- 
vision  this  exigency  could  be  easily  anticipated.  In  addition  to  the 
T^ton  Basin,  there  is  enough  of  the  Territory  which  we  passed  through 
that  is  thus  favored  to  feed  millions  of  cattle  and  sheep  for  all  time  to  come. 
Nature  has  furnished  this  far-away  region  with  a  valley  aiMl  river  sys- 
tem i)eculiarly  adapted  to  its  isolated  geographical  position,  and  with-  . 
out  which,  even  in  its  present  form,  it  would  be  comparately  valueless. 
Cast  your  eye  upon  the  map  at  the  junction  of  the  three  streams  which 
form  the  Missouri,  the  Jefferson,  Madison,  and  Gallatin.  Each  of  these 
rivers,  divided  from  the  others  by  lolty  mountain-ranges,  flows  through 
a  broad  and  fertile  valley  of  great  extent  and  beauty.  These  valleys  are 
from  sixty  to  eighty  miles  in  length,  with  an  average  width  of  ten  miles. 
The  Gallatin  is  the  largest  and  most  picturesque,  and,  perhaps,  the  best 
adapted  of  the  three  to  all  the  purposes  of  culture.  The  river,  which 
from  its  source  to  its  mouth  is  a  continuous  torrent,  divides  the  valley 
centrally,  and  furnishes,  by  its  deposits,  a  black  soil  of  a  mile  in  width 
on  either  side,  which  is  covered  for  the  most  part  with  a  dense,  heavy 
growth  of  Cottonwood,  sufficient  for  all  the  purposes  of  fencing  and  fuel 
for  many  years  to  come.  Outside  of  this  continuous  grove  of  cotton- 
wood,  the  Valley  spreads  away  on  either  side  of  the  river  a  distance  of 
six  or  eight  miles,  to  the  low  grass-covered  foothills,  which  in  their  turn 
extend  to  the  base  of  parallel  ranges  of  lofty  mountains.  Every  foot 
of  the  land  thus  inclosed,  embracing  a  territory  nearly  as  large  as  Ver- 
mont, affords  in  its  natural  condition  the  richest  pasturage  in  the  w^orld. 
By  the  simple  cultivation  of  the  plow  and  barrow,  it  can,  in  a  single  sea- 
son, be  converted  into  a  wheat-field  which  will  yield  an  average  crop  of 
forty  bushels  to  the  acre.  Crops  of  vegetables  raised  in  this  soil  will 
average,  in  size,  one-third  more  and  some — cabbages,  turnips,  and 
especially  beets — one-half  more  than  the  best  root-crops  of  the  Western 
States.  I  have  never  seen  such  abundant  and  perfect  crops  of  wheat, 
oats,  barley,  potatoes,  and  {\ll  vegetables,  as  -are  commonly  raised  in 
these  valleys.  Indian  com,  unless  of  tbe  small  flint  variety,  is  an  un- 
certain crop,  on  account  of  the  early  frosts,  and  but  very  little  has  yet 
been  laised  for  hai'vesting. 
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The  climate  of  these  valleys  is  very  dry,  no  rain  of  any  consequence 
falling  dnring  the  summer  mouths,  but  this  want  is  supplied  by  a 
cheap  and  simple  process,  of  irrigation,  under  which,  from  the  fact  that 
water  can  be  supplied  in  abundance  whenever  it  is  needed,  crops  thrive 
much  better,  are  much  larger,  and  mor-e  perfect  than  when  they  are  de- 
l>e!Hling  upon  the  uncertain,  capricious,  and  often  untimely  visits  of  rain. 
Ditches  for  irrigating  purposes  are  either  connected  with  the  river  or 
some  of  the  mountain-streams  that  feed  it,  and  are  extended  through 
contiguous  ranches  by  farmers,  who  make  of  them  a  joint-stock  pro- 
perty. The  two  enemies. which  have  been  most  dreaded  by  the  farmer 
thus  far  are  the  grasshopper  and  early  frost.  The  first  of  these  has  now 
disappeared;  the  latter  is  overcome  by  early  sowing  and  planting;  and 
the  wheat-crop  is  now  regarde<I  as  more  certain  in  thes^ valleys  than  in 
any  of  the  States.  It  is  also,  as  a  general  thing,  from  twice  to  three 
times  more  abundant.  But  few  experiinents  have  yet  been  made  in  fruits 
raising,  but  the  prospect  for  the  successful  culture  of  the  hardy  varie- 
ties of  applet  and  pears  is  very  good. 

What  I  have  here  said  of  the  valley  of  the  Gallatin  is  true  of  all  the 
valleys  embraced  within  the  limits  of  the  sutnm^s  explorations. 

At  the  agricultural  fair  held  in  Helena  in  September  last,  the  exhi- 
bition of  farm-products  from  these  valleys  would  have  been  creilit^ible 
to  a  much  older  community,  and  the  stock,  mostly  of  our  own  native 
variety,  would  have  put  to  shame  mauy  similar  exhibitions  in  the  best 
of  our  stock-raising  States.  There  is  not  one-te>nth  part  of  the  arable 
lands  of  these  valleys  yet  occupied,  though  the  development  of  their 
productive  qualities  during  the  pa«t  two  years  has  turned  the  attention 
of  n)auy  of  the  inhabitants  engaged  in  other  pursuits  to  that  of  agricul- 
ture. 

There  is  another  resource  to  which  I  have  barely  alluded,  which,  for 
years  to  come,  must  render  this  region  a  desirable  locality ,for  a  large 
class  of  producers.  I  mean  its  facilities  for  stock-raising.  It  is  covered 
with  the  richest  pasturage  in  the  world.  The  bunch  and  buffalo  grasses 
of  the  plains  and  mountaiuregions,  unlike  the  tame  grasses  of  the 
States,  are  perennial.  At  the  earliest  approach  of  spring,  and  before 
the  snow  has  left  the  hills,  they  begin  to  appear  fresh  and  green.  The 
spring  rains,  which,  though  of  brief  duration,  are  in  many  localities  pro- 
fuse, give  them  strength  and  expansion  and  they  retain  their  verclure 
through  the  heat  of  midsummer.  The  dryness  of  the  season  prevents 
their  decay,  and  the  heat  of  the  sun  gradually  cures  them  in  the  blade, 
so  that  they  retain  all  the  nourishment  in  the  dried  stalk  and  leaf  of 
the  best-preserved  hay.  They  continue  in  this  condition  throughout 
the  winter,  and,  at  all  times,  except  when  storms  are  excessive  or  snows 
are  very  deep — not  common  occurrences  in  the  valleys — the  cattle  feed 
upon  them  and  grow  fat  through  all  the  cold  months.  Farm(»rs  and 
owners  of  large  herds  of  cattle,  who  put  up  hay  as  a  precautionary 
measure,  seldom  have  occasion  to  use  it  at  all,  and  never  unless  an  exi- 
gency like  that  I  have  just  mentioned  occjurs.  In  the  spring  the  green 
blade  shoots  out  from  the  root  of  the  i)revious  year,  imparting  renewed 
life  to  the  entire  herbage  of  the  valleys  and  adjacent  foot-hills.  With 
the  exception  of  the  mountain-ranges,  which  are  either  bare  rocks  or 
covered  with  pines,  the  surface  is  one  entire  pasture.  No  country  in 
the  world  affords  superior  fa<jilities,  uniting  convenience  with  economy, 
to  stock-raisers.  The  meats  perfected  on.  tlie^e  grasses  are  extremely 
fat  and  succulent  and  of  rich  llavor.  The  products  of  the  dairy  are 
proportionably  larger,  and  the  ranchman  who  owns  a  dozen  good  coVsiu 
the  vicinity   of   any   of  the   largtjr  towns  has  in  his  possession  the 
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elements  of  a  comfortable  present  subsistence  and  of  a  certain  fortnne 
in  the  fntore.  Milk,  bntter,  and  cheese  command  a  ready  sale,  at  high 
prices.  Already  numerons  flocks  and  herds  are  to  be  seen  in  these  val- 
leys, and  those  who,  but  Ave  or  six  years  ago,  engaged  in  the  business 
of  stock-raising,  with  a  dozen  cows,  are  now  the  owners  of  herds  num- 
bering hundreds. 

There  are  large  bodies  of  land  in  the  T^ton  Basin,  and  in  the  valleys 
along  the  streams  flowing  into  Snake  River,  which  may  be  profitably 
cultivated  with  wheat  and  vegetables.  Water  for  irrigation  in  abund- 
ance, flowing  from  the  surrounding  mountains,  may  be  cheaply  and 
easily  utilized.  A  railroad  along  the  north  *fork  of  the  Snake  would 
pass  within  ten  miles  of  this  basin,  and  the  route  for  this  distance  could 
be  readily  improved  by  a  wagon-road.  The  foothills  and  mountains 
surrounding  the  valley  are  covered  with  dense  forests  of  pine.  Lum- 
bering must  ultimately  become  a  vei^  extensive  and  profitable  branch 
of  business  over  nearly  all  parts  of  the  route  from  Market  Lake  to  the 
Yellowstone.  The  streams  are  very  numerous,  and  all  furnish  abundant 
water-power  for  both  saw  and  grist  mills.  There  is  no  better  market 
for  this  product  in  the  west  than  western  and  northern  Utah.  This 
business  alone  will,  in  time,  warrant  the  construction  of  a  railroad  over 
this  route,  to  say  nothing  of  its  various  sources  of  revenue  derivable 
from  a  connection  with  the  settled  portions  of  Montana  Territory. 

We  carried  out  the  intention,  with  which  we  started,  of  visiting 'and 
properly  locating  the  three  T6tons,  and  of  ascending  to  the  summit  of 
the  highest  of  them.  Assured  by  our  guide,  and  others  who  had  long 
been  familiar  with  the  country,  that  it  would  be  impossible  to  clamber 
up  this  mountain,  that  though  repeatedly  attempted  it  was  a  feat  which 
bad  never  been  achieved,  we  did  not  undertake  the  task  without  great 
misgivings  as  to  the  result.  The  most  northerly,  or  Grand  Teton,  which 
has  received  the  name  of,  and  will  hereafter  be  known  as,  Mount  FTay- 
den,  presents  to  the  eye  an  outline  very  similar  to  that  of  the  Matter- 
horn  in  the  Alps.  Its  very  appearance,  unlike  that  of  most  of  our 
mountains,  seems  to  forbid  all  attempts  to  scale  it,  and  for  most  of  the 
distance  the  ascent  can  only  be  accomplished  by  climbing  with  both  feet 
and  hands.  The  face  of  the  mountain  presents  an  angle  never  less  than 
450  and  frequently  00^,  much  .more  abrupt  than  the  steepest  stairways. 
Glaciers  of  greater  or  lesser  dimensions  are  met  with  every  few  hun- 
dred feet,  and  in  several  instances  they  proved  almost  insurmountable. 
The  irregular  stratifications  of  the  rocks  were  often  such  as  to  leave  us 
with  no  support  other  than  our  hands  at  points  and  turnings  where  a 
failure  in  our  hold  would  have  precipitated  us  hundreds  of  feet  down  the 
face  of  the  mountain.  At  one  or  two  points  when  nearing  the  summit 
we  would  have  been  obliged  to  abandon  the  task  but  for  the  aid  wo  re- 
ceived by  casting  a  rox>e  over  prominent  projections  and  pulling  our- 
selves over  them,  to  places  where  we  could  obtain  secure  footholds.  In 
one  of  these  efforts  Mr.  Stevenson  came  near  losing  his  hold  and  fall- 
ing down  a  precipice  nearly  a  thousand  feet  Another  of  our  company, 
while  ascending  along  the  edge  of  a  glacier,  losing  his  hold,  slid  down 
a  smooth  ridge  of  ice.  a  distance  of  40  feet,  with  fearful  rapidity.  His 
pwn  presence  of  mind,  in  hastily  throwing  himself  astride  the  edge  of 
the  glacier  and  descending  it  in  that  position,  caused  him  to  fall  into  a 
snow-bed  at  the  bottom,  and  on  the  extreme  edge  of  the  precipice.  This 
saved  him  from  falling  at  least  800  feet.  Of  nine  of  the  company  who 
commenced  the  ascent  Mr.  Stevenson  and  myself  were  alone  successful. 

We  found  on  one  of  the  buttresses,  a  little  lower  than  the  extreme  top 
of  the  mountain,  evidence  that  at  some  former  period  it  had  been  visited 
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by  buuian  beingd.  There  was  a  circular  inclosure  about  seven  feet  m 
diameter,  formed  by  vertical  slabs  of  rough  granite,  and  about  three 
feet  in  heiglit,  the  iuterior  of  which  was  halt'  filled  with  the  detritus 
that  long  exposure  to  the  elements  had  worn  from  these  walls.  It  could 
not  have  been  constructed  less  than  half  a  century  ago,  when  Indians 
only  inhabited  this  region. 

The  summit  of  the  Teton  is  very  small,  not  more  than  30  by  40  feet 
in  diameter,  with  a  precipitous  descent  on  all  sidesi  Its  height,  by  tri- 
angular measurement,  is  13,833  feet.  The  view  from  it  embraces  the 
valley  of  the  Snake  River  and  territory  contiguous,  over  a  diameter  of 
at  least  one  hundred  and  sixty  miles.  For  grandeur,  vastness,  and  va- 
riety it  is  nowhere  excelled  in  the  region  of  the  Hocky  Mountains. 
Should  the  railroad  to  the  Upper  Yellowstone  pass  through  this  valley, 
the  Teton  Ilange  would  form  one  of  the  attractive  features  of  a  visit  to 
that  wonderful  country. 

On  our  descent  of  the  mountain,  while  yet  at  a  height  of  10,300  feet, 
we  crossed  a  lake,  GOO  yards  long  by  200  wide,  of  perpetual  ice,  which 
in  thickness  was  about  three  feet,  not  unlike  in  character  the  descrip- 
tions given  of  the  most  elevatexl  glaciers  of  the  Alps.  Passing  over  the 
immense  snow-fields  which  covered  the  plateau  adjoining,  we  descended 
into  the  grass-covered  valley  which  bordered  the  Teton  Kiver,  and  pur- 
sued the  most  direct  course  to  the  north  or  Uenry^s  Fork  of  Snake 
Kiver.  Along  the  margin  of  this  stream  we  traveled  over  a  solid  na- 
tural road-bed  to  its  source  in  Sawtelle's  or  Henry's  Lake.  This  part  of 
the  country  is  peculiarly  favorable  for  railroad  improvements.  The 
grades  would  be  very  light,  not  exceeding  20  feet  to  the  mile,  and  for 
much  of  the  distance  very  little,  if  any,  excavation  would  be  necessary 
to  prepare  the  ground  for  the  track.  There  are  some  obstructions  from 
fallen  timber  along  the  entire  route,  which  can  be  removed  without  dif- 
ficulty. Doubtless  in  a  country  so  full  of  irregularities  of  one  kind  and 
another,  the  foot-hills  and  mountains  would  present  occasional  interrup- 
tions to  a  direct  course,  but  it  suri)rises  one,  in  passing  over  the  country, 
to  see  how  few  these  interruptions  are  and  how  readily  they  may  be 
overcome. 

In  our  explorations  from  the  Teton  Basin  to  the  north,  we  carefully 
observed  the  four  passes  on  the  north,  east,  west,  and  south  of  Saw- 
telle's  Lake,  each  one  of  which  will  doubtless  be  particularly  described 
by  Mr.  Stevenson.  These  passes  are  equally  favorable  for  all  kinds  of 
road  improvements.  Our  company  passed  through  the  east  or  Tyghee 
Pass,  entering  the  valley  of  the  Madison.  Noi)erson  unacquainted  with 
the  topography  of  the  country  would  believe  while  crossing  this  pass 
that  he  was  crossing  the  summit  of  the  Ilocky  Range.  The  same  may 
be  said  of  the  other  three  pa^sses  in  the  immediate  vicinity,  each  point- 
ing to  a  sei)arate  point  of  the  compass.  From  the  point  of  entrance 
into  the  valley  of  the  Madison,  down  that  river  to  its  junction  with  the 
Jefterson  and  Gallatin  at  the  Three  Forks,  there  are  no  serious 
obstructions  to  a  railroad.  Two  of  the  canons  would  require,  perhaps, 
to  be  shelved  for  a  roadway,  in  all,  for  a  distance  of  about  twenty-five 
miles.  !No  more  direct  route  for  a  railroad  from  Utah  to  the  settled 
portions  of  Montana  can  be  found  than  that  from  the  junction  of  the 
Union  and  Central  Pacific  Railroads  to  Fort  Ilall;  thence  up  Snakt 
River  to  the  head  of  the  North  Fork  ;  thence  by  (»ither  the  Sawtelle  or 
the  Targee  Pass,  down  the  Madison  to  the  Three  Forks,  i)assiug 
within  twelve  miles  of  Virginia  City,  the  cnpital  of  J^Iontana;  thence, 
through  the  valleys  of  the  Missouri  and  Prickly  Pear,  to  Helena ;  and 
there  are  no  engineering  difliculties  which  cannot  be  easily  overcome. 
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An  enterprise  of  snob  comprehensive  utility  as  this  road  should  not 
snfter  a  moment's  delay  in  the  work  necessary  to  its  speedy  completion 
for  want  of  capital ;  for  where  can  an  investment  be  found  which  will 
be  safer  or  more  certain  of  a  profitable  return  f 

A  single  calculation  based  upon  one  source  of  its  revenues  will  demon- 
strate how  speedy,  certain,  and  abundant  must  be  the  return  made  by 
this  enterprise  after  its  completion.  The  present  population  of  Hon- 
tana,  at  a  very  moderate  estimate,  is  twenty-five  thousand,  who  are  all 
anxiously  looking  forward  to  the  time  when  they  will  be  connected  with 
the  States  by  rail.  Suppose  (and  this  calculation,  at  the  prices  which 
now  prevail  in  Montana,  and  which  the  inhabitants  of  that  Territory  can 
afford  to  pay  for  all  the  necessaries  of  life  not  obtainable  from  the  soil, 
is  much  too  low)  that  each  one  of  this  number  pays  an  average  sum  of 
$200  more  per  annum  for  groceries,  dry-goods,  wearing  apparel,  &c., 
than  at  Omaha  or  San  Franci^o  for  like  articles.  As  the  merchants  of 
Montana  do  not  make  greater  profits  on  their  sales  than  do  the  mer- 
chants of  those  cities,  this  $200  per  capita,  aggregating  85,000,000 
per  annum,  is  paid*  for  the  transportation  of  goods,  the  larger  portion 
of  it  being  now  received  by  the  Upper  Missouri  liiver  transportation 
companies,  but  which  will  nearly  all  go  into  the  treasury  of  this  road 
when  completed,  to  be  shared  by  it  with  the  Union  Pacific  and  Central 
Pacific  Railroads.  With  the  tide  of  emigration  flowing  into  this  Terri- 
tory in  anticipation  of  the  completion  of  this  road,  it  is  but  reasonable 
to  8upi)ose  that  this  population  will  be  doubled  when  that  event  occurs. 
Of  course  the  revenue  will  be  correspondingly  increased  from  this  one 
source,  but  by  no  means  the  most  profitable  source  of  income  to  the 
road. 

To  this  is  to  be  added  what  the  road  may  reasonably  anticipate  from 
the  great-wheat  fields  of  Montana,  from  ite  inexhaustible  timber,  from 
its  silver-mines,  from  its  stock-growers,  and  from  the  great  stream  of 
transient  travel  for  business,  pleasure,  and  observation.  A  few  years 
only  can  elapse  before  the  marvels  of  the  Upper  Yellowstone,  its  gey- 
sers, boiling  mud-springs,  and  sulphur  mountains,  the  Great  Falls  of  the 
Missouri,  the  singular  scenery  of  the  Bad  Lands  below  Fort  Benton, 
the  picturesque  beauties  of  the  Prickly  Pear  Caiion,  and  the  stupendous 
architecture  of  the  Rocky  Mountains  will  attract  thousands  of  visitors 
annually  to  that  distant  country  to  view  the  wonders  of  nature  and  the 
grandeur  of  our  mountain-scenery.  This  enterprise  cannot  without 
sacrifice  be  delayed  a  day  longer  than  competent  force,  abundant  means, 
and  ample  material  require  to  convert  the  project  into  an  established 
fact. 

There  were  very  many  incidents  connected  with  our  journey  which 
would  prove  of  great  interest  to  the  general  reader.  Many  of  these 
have  met  the  public  eye  through  the  correspondence  of  the  gentlemen 
who  accompanied  us,  and  others  doubtless  will  be  used  to  embellish  the 
various  articles  which  may  hereafter  appear  in  our  magazines,  descrip- 
tive of  the  marvelous  region  which  we  explored.  Lotus  hope  that  the 
time  is  not  far  distant  when  the  geysers,  cataracts,  lakes,  hot  springs, 
and  magnificent  mountain  scenery  of  our  national  park  will  become  as 
familiar  to  the  world  of  art  as  Niagara  and  Yosemite,  both  of  which 
they  so  greatly  surj)ass. 

N.  P.  LANGFORD, 
Superintendent  of  the  Yellowstone  National  Farh 

Dr.  F.  V.  Hayden, 

United  States  Oeologieal  Survey j  Washington^  2>.  C. 
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MEANS  OF  ACCESS  TO  THE  YELLOWSTONE  NATIONAL  PARK  BY  RAIL- 
ROADS. 

Sir  :  As  the  park  will  soon  become  an  object  of  general  interest,  and 
be  the  resort  of  thousands  of  visitors,  the  question  of  proper  and  con- 
venient access  is  of  great  importance  at  present.  A  journey  by  wagon 
from  the  Central  Pacific  or  Northern  Pacific  Kailroads  would  prove  long 
and  tedious ;  we  must,  therefore,  look  for  a  railroad  to  carry  tourists 
within  a  much  shorter  distance  from  the  park,  allowing,  if  any,  but  ono 
or  two  days'  journey  by  wagon.  A  project  for  such  a  road  has  already 
been  conceived,  but  encountered  pecuniary  difficulties  sufficient  to  im- 
pede its  immediate  construction.  As  this  line  would  become  the  main 
route  connecting  the  Central  Pacific  or  Union  Pacific  Railroad  with  the 
Northern  Pacific  Railroad,  and  also  furnish  the  best  means  of  reaching 
the  land  of  wonders,  a  few  detailed  remarks  in  regard  to  distances  and 
elevations  will  show  its  entire  practicability. 

Branching  off  from  the  Central  Pacific  Railroad  at  Corinne,  Utah, 
the  line  would  run  up  Malado  Valley  with  a  very  gradual  and  regular 
ascent  toward  the  north,  cross  the  divide  from  Salt  Lake  waters  into 
Pacific  waters,  with  a  grade  of  not  more  than  1(K)  feet  per  mile,  follow 
down  Marsh  Valley  to  the  Port  Nenf  River,  and  wind  with  a  grade  of 
less  than  30  feet  per  mile  into  the  open  and  flat  country  west  of  Fort 
Hall.  The  distance  from  Corinne  to  this  point  would  not  exceed  one 
hundred  and  twenty-five  miles.  It  would  then  take  a  northeasterly 
course  for  about  sixty  miles  and  cross  Snake  River  at  a  point  about 
five  miles  east  of  the  mouth  of  Henry's  Fork.  This  country  being  gen- 
erally level,  the  question  of  grade  could  not  be  of  int-erest.  From  that 
point  the  route  w^ould  be  unquestionably  taken  toward  the  north-north- 
east, following  up  the  valley  of  Henry's  Fork  to  the  lake  near  its  source, 
where  it  would  be  two  hundred  and  thirtv-five  miles  from  Corinne. 
Thence  crossing  the  very  low  divide  in  Raynold's  Pass  at  about  50  feet 
per  mile  into  the  Madison  Valley^  it  wouUl  follow  it  down  to  the  settle- 
ments of  Montana  and  connect  with  the  Northern  Pacific  Railroad. 

From  points  along  this  line  either  wagon  or  rail  roads  can  be  built 
with  no  unusual  expense  to  all  the  principal  parts  of  the  park,  and  I 
will  now  endeavor  to  give  as  detailed  a  statement  of  the  most  practica- 
ble lines  as  a  general  reconnaissance  of  the  ground  wnll  permit.  This 
railroad  would  give  access  to  the  park  from  the  south  and  west.  The 
country  east  of  the  park  appears  to  be  unfitted  for  approach  by  roads, 
as  the  Big  Horn  and  Wind  River  Mountains  form  a  continuous,  steep, 
and  rough  barrier. 

The  principal  objects  of  interest  within  the  limits  of  the  pnrk  to  be 
reached  by  roads  are  the  Geyser-basins,  the  Yellowstone  Lake,  with  . 
Mount  Sheridan  to  the  south,  and  tlic  Grand  Canon  of  the  Yellowstone, 
including  the  Falls.  Mammoth  Hot  Springs  can  be  passed  on  a  line  of 
a  northern  approach  from  P'ort  Ellis,  which  has  been  examined  by  Mr. 
Gannett.  As  these  points  are  all  situated  on  the  Atlantic  slope,  and 
the  proposed  railroad  from  Corinne  to  Montana  is  in  the  valley  of 
Henry's  Fork,  which  drains  into  the  Pacilic,  and  where  we  intend  to 
branch  off,  it  will  first  be  necessary  to  examine  the  passes  over  the  main 
Rocky  Mountain  water-shed.  There  is  in  the  southern  part  of  the  j>ark 
a  very  fiat,  oj)en  pass,  if  at  all  deserving  that  name,  situated  l)etween 
Lewis  and  Yellowstone  Lake,  which  can  be  crossed  with  a  grade  of  only 
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90  feet  per  mile.  Farther  west  another  low  divide  is  found  between 
Shoshone 'Lake  and  the  Fire-Hole  River,  which  can  be  passed  with  a 
grade  of  not  over  105  feet  per  mile.  Following  the  water-shed  in  a 
northwesterly  direction  it  gently  varies  in  elevation  and  can  be  crossed 
by  wagon-roads  at  many  points.  For  a  railroad  the  Tyghee  Pass  is  the 
next  and  last  available  one.  Another  obstacle  in  the  way  of  approach 
from  the  south  of  the  park  might  be  seen  in  the  T^ton  Bange,  but  on 
closer  examination  a  pass  is  discovered  near  the  southwest  corner  of  the 
park  where  that  grand  chain  diminishes  so  considerably  in  height  and 
ruggeduess  that  comparatively  easy  grades  for  a  railroad  can  be  obtained. 
Finding  no  serious  obstruction,  therefore,  we  proceed  to  consider  the 
special  localities  best  adapt^'for  lines  of  approach. 

Commencing  in  th6  south  we  first  propose  a  route  which  is  equally 
well  suited  for  a  wagon  or  rail  road,  as  the  grade  is  easy  and  water  and 
timber  are  abundant. 

Leaving  the  above-described  proposed  railroad  from  Oorinne  to  Mon- 
tana a  few  minutes  north  of  the  forty-fourth  parallel,  in  the  valley  of 
Henry's  Fork,  it  would  run  eastwardly,  following  up  the  valley  of  Falls 
Hiver.  For  thirteen  miles  the  average  grade  would  be  41  feet  per  mile, 
for  the  next  twenty  miles  it  would  be  61  feet  per  mile,  which  would 
bring  the  road  to  the  western  slope  of  the  T^ton  Bauge  through  a  slightly 
undulating  country.  At  the  mouth  of  Falls  Biver  Pass  the  most  diffi- 
cult portion  of  the  whole  line  would  commence  and  extend  for  six  miles 
up  to  the  divide  near  the  Beulah  Lakes.  It  would  require  an  average 
grade  of  96  feet  per  mile,  reaching  an  elevation  of  about  7,525  feet.  The 
valley  ascends  gradually  and  presents  no  serious  difficulty  in  obtaining 
a  uniform  grade  for  the  entire  distance.  In  entering  Falls  Biver  Pass 
we,  at  the  same  time,  enter  a  gat^jway  of  the  park,  as  the  boundary-lino 
crosses  at  the  entrance.  Gradually  ascending,  the  road  leads  through 
a  fine  valley  a  few  miles  wide,  bordered  on  both  sides  with  rocky  bluffs, 
inclosing  a  beautiful  river  which,  taking  its  source  &om  five  enormous 
springs  breaking  out  of  the  steep  rocky  walls  and  thence  flowing 
through  the  Lower  Beulah  Lake,  descends  the  valley  in  a  number  of 
rapids  and  falls  which  have  suggested  its  name.  The  largest  fall,  145 
feet  in  height,  is  surrounded  by  a  grotesque  group  of  columns  of  rock 
much  like  Tower  Falls  near  the  Yellowstone  Biver.  After  reaching  the 
lakes,  the  road  would  continue  eastwardly  for  about  six  miles,  rising 
with  a  very  slight  grade  and  following  the  northern  slope  of  the  valley 
over  a  divide  hardly  perceptible,  and  not  to  be  located  without  careful 
examination.  Here  it  reaches  the  valley  of  the  Union  or  Lake  Fork  of 
Snake  Kiver,  entering  upon  a  plateau  or  mesa  from  which  the  river 
can  be  seen  several  hundred  feet  below,  flowing  through  a  steep  and 
gloomy  caiion.  On  either  side  of  the  caiion  the  ground  is  gently  rolling 
and  is' well  fitted  for  a  road,  especially  upon  the  eastern  bank.  Follow- 
iug  nearly  parallel  with  the  river  a  distance  of  eleven  miles,  we  would 
be  brought  to  Levsis  Lake,  at  the  foot  of  Mount  Sheridan,  which  could 
be  easily  visited  from  this  point.  It  is  the  loftiest  peak  of  a  prominent 
group,  entirely  siurrounded  by  comparatively  flat  country  and  affording 
the  most  extensive  panoramic  view  of  any  mountain  in  the  i^ark.  A 
more  minute  description  of  this  peak  can  be  found  elsewhere  in  the 
report.  From  Lewis  Lake  it  would  be  advisable  to  separate  into  two 
branches,  one  taking  a  northwesterly  course  to  the  Geysers  and  another 
a  northeasterly  to  the  Yellowstone  Lake,  Biver,  and  Cauou.  The  first- 
mentioned  could  take  the  following  route :  About  ten  miles  on  a  level 
to  Shoshone  Geyser  Basin  j  thence  four  miles,  with  a  grade  of  70  feet 
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per  mile,  to  the  main  Rocky  Moantain  divide,  at  an  elevation  of  8,717 
!:eet,  from  whence  a  descent  of  105  feet  per  mile  for  five  miles  wonld 
bring  the  line  into  the  valley  of- the  Fire- Hole  River;  following  this 
river  for  an  additional  five  miles,  with  a  grade  of  37  feet  per  mUe, 
the  railroad  would  be  amidst  the  grand  geysers  of  the  Upper  Basin. 
Proceeding  eight  miles  further,  with  a  descent  of  17  feet  per  mile,  it 
would  arrive  at  the  Lower  Basin,  which  would  form  the  terminns  to  this 
branch  of  the  line.  The  other,  diverging  northeasterly  from  Lewis 
Lake,  wonld  cross  the  main  Rocky  Mountain  water-shed  within  five 
miles,  at  a  grade  of  43  feet  per  mile,  and  descend  to  the  Hot  Springs  at 
Yellowstone  Luke  within  three  miles,  at  a  grade  of  94  feet  per  mile.  No 
ditiicnlty  in  grade  would  now  be  met  witlreither  along  the  shores  of  the 
lake  or  down  the  valley  of  the  Yellowstone  River  to  the  falls  and  Grand 

anon. 

The  following  is  a  review  of  distances  and  elevations  on  this  route, 
commencing  at  the  i)oint  where  it  would  leave  the  main  railroad  in 
Ueury's  Fork  Valley. 


Henrv's  Fork  Valley 

FallsRiver 

Kutrance  to  pa88 

Beuhih  Lakes 

Union  Fork ^ 

Lt'wis  Lake 

Hot  8priD|^,  Yellowstone  Lake 

YollowHtone  Falls 

ShoHbone  Geyser  Basin    

Divide 

I'ppcr  Geyser  Basin 

Lower  Ge vser  Basin 


Distance  from 
Henry's  Fork 
in  miles. 


0 
13 
33 
39 
45 
56 
&t 
94 
G6 
70 
80 
•l?8 


Distance  from     Elevation 
Corinne  in  miles,     in  feet. 


145 

lod 
178 
184 
190 
201 
;2U9 
239 
211 
215 
2>i5 

2;« 


5,130 
5,670 
6,950 
7,54i5 
7,800 
7,826 
7.788 
7,700 
7,880 
8,717 
7,300 
7,260 


Having  thus  followed  the  entire  line  of  the  route  through  Falls  River 
Pass  to  the  principal  points  of  interest,  we  now  will  examine  a  second 
route  running  through  the  Tyghec  Pass,  which  presents  equal  facilities 
for  a  railroad. 

Leaving  the  proposed  Corinne  and  Montana  Bailroad  at  Henry's  Lake, 
a  distance  of  six  miles  with  a  slight  upward  grade  would  bring  it  to 
the  Tyghee  Pass,  and  the  divide  could  be  reache<l  within  four  miles,  at 
a  grade  of  130  feet  V^r  mile.  The  Madison  or  Fire-Hole  River  Valley 
now  lies  open  before  us,  and,  gradually  descending,  the  line  would  fol- 
low the  northern  slope  of  the  mountains  down  to  the  level  of  the  river. 
With  a  gradual  ascent  of  10  feet  i)er  mile  it  would  follow  up  the  valley, 
entering  the  park  at  the  entrance  to  the  caiion  to  Gibbon's  Fork,  a  dis- 
tance of  twenty-three  miles  from  Tyghee  Pass.  From  this  point  the 
Lower  Geyser  Basi^in  is  reached  within  eight  miles,  at  a  grade  of  70  feet 
per  mile,  where  the  line  would  connect  with  the  first  route  described  as 
approaching  the  park  through  the  Falls  River  Pass. 

The  following  statement  of  distances  and  elevations  along  the  second 
route,  starting  at  Henry's  Lake,  will  review  the  line : 
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I 


Henry's  Lake 

Tyghee  Pass 

Gibbon's  Fork 

Lower  Geyser  Basiu 

Upper  Geyser  Basin 

Divide 

Shoshone  Geyser  Basin 

Lewis  Lake 

Hot  Springs,  Yellowstone  Lake 
Yellowstone  Falls 


Distance  from 
Henry's  Lake. 


Distance  from 
Corinue. 


235 
245 
2G8 
275 
283 
293 
297 
307 
315 
345 


Elevation. 


6,443 
7,063 

6,808 
7,260 
7,390 
H,717 
7,881 
7,8:]5 
7,788 
7,700 


A  distance  of  six  miles  may  be  saved  by  rnnniD^  from  divide  directly 
to  the  outlet  of  Yellowstone  Lake.  By  a  comparison  of  the  two  tables 
of  distances  an  opinion  may  be  formed  as  to  the  best  route.  Both  are 
within  a  short  distance  of  rivers  which  never  run  dry,  and  both  run 
over  thickly-timbered  lands.  In  all  the  high  regions  of  that  country 
there  is  but  little  soil  and,  therefore,  excavations  are  mostly  rendered 
very  expensive  by  being  in  rock.  However,  this  is  a  disadvantage  per- 
taining equally  to  both  routes  and,  therefore,  favoring  the  shorter  dis- 
tance. All  the  trapi>ers  throughout  the  whole  region  state,  concerning 
the  climate  during  the  winter,  that,  although  there  is  heavy  snow,  it  is 
rarely  accompanied  by  winds,  so  that  drifts  are  rare  exceptions..  This 
will  also  apply  equally  to  both  routes  and  the  maintenance  of  railroads 
generally. 

Hoping  sincerely  that  the  above  will  furnish  an  incentive  toward 
opening  this  grand  and  wonderful  park  to  the  multitudes,  both  at  home 
and  abroad,  that  are  ever  anxiously  seeking  instruction  and  pleasure,  I 
remain,  yours  respectfullv, 

K.  HERING. 

Professor  F.  Y.  Hayden, 

United  States  Geologist. 
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REPORT  OF  A.  C.  PEALE,  M.  D. 


WAsniNaTON,  D.  0. 

Dear  Sir  :  I  have  tbe  honor  to  transmit  herewith  my  report  for  the 
season  of  1872.  I  have  divided  it  into  six  chapters.  The  lirst  I.  have 
devoted  to  the  description  of  a  short  trip  into  Colorado  and  Utah,  made 
before  the  organization  of  the  party  was  completed.  The  second  chapter 
contains  an  account  of  our  progress  from  Fort  Ellis,  Montana  Territory, 
to  Gardiner's  River,  in  the  Yellowstone  National  Park,  including  an 
account  of  the  Hot  Springs  at  the  latter  place.  The  third  chapter  con- 
tains a  description  of  the  springs  in  the  Yellowstone  Valley  from  Gar- 
diner's River  to  Yellowstone  Lake.  The  fourth  chapter  is  devoted  to 
the  geyser-basins  of  Fire-Hole  River. 

The  time  we  were  in  the  geyser-basins  was  somewhat  limited,  and  the 
observations  must  therefore  be  to  some  extent  necessarily  incomplete. 
To  work  up  this  most  interesting  section  thoroughly  will  require  the 
time  of  at  least  one  entire  season,  so  that  data  may  bo  obtained  as  to 
the  influence  the  dififerent  portions  of  the  year  may  have  upon  the 
geysers.  Then,  also,  more  could  be  definitely  learned  in  regard  to  their 
regularity  or  irregularity.  As  far  as  the  time  permitted,  I  have  endeav- 
ored to  make  the  observations  as  complete  as  possible. 

At  this  point  I  wish  to  express  my  thanks  to  Dr.  F.  M.  Endlich,  of 
the  Smithsonian,  for  assistance  rendered  in  analysis.  That  I  am  able 
to  present  so  many  analyses,  especially  of  specimens  from  the  geysers, 
is  due  largely  to  his  assistance.  I  wish  also  to  refer  to  Mr.  W.  B.  Piatt, 
of  the  expedition,  who  also  assisted  in  analysis, 

My  fifth  and  sixth  chapters  I  have  devoted  to  the  consideration  of  the 
Madison  and  Gallatin  Valleys.  Appended  to  the  report  are  catalogues 
of  th(*  rocks  and  minerals  collected  during  the  summer.  I  have  incor- 
porated in  them  the  specimens  collected  by  both  branches  of  the  expe- 
dition. I  have  also  done  the  same  in  the  catalogue  of  thermal  springs, 
which  is  appended  to  the  rei)ort.  In  the  latter  catalogue  I  have,  for  the 
sake  of  comparison,  included  observations  of  some  of  the  springs  taken 
in  previous  years  (principally  by  Long  and  by  Fremont)  wherever  there 
was  no  doubt  as  to  the  localities  being  the  same. 

The  collections  of  geyserite  this  year  are  particularly  large,  and  pre- 
sent all  the  varieties  in  form  and  texture  to  be  found  in  the  region. 

In  conclusion  I  wish  to  express  my  thanks  to  all  the  members  of  the 
expedition  for  their  uniform  kindness  and  co-operation.  I  would  refer 
particularly  to  Mr.  T.  O'C.  Sloane,  who  for  a  while  acted  as  my  assistant, 
and  who,  by  his  zeal  and  activity,  contributed  largeh'  to  the  collections. 

To  the  editors  of  the  '^  New  York  Illustrated  Christian  Weekly"  I  am 
indebted  for  some  of  the  best  wood-cuts  illustrating  my  report. 

Trusting  this  report  may  prove  satisfactory,  I  have  the  honor  to  be 
vour  obedient  servant, 

A.  C.  PEALE. 

Dr.  F.  V.  Hayden, 

United  /States  QeologisU 
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CHAPTER  L 

COLOBADO  ASD  UTAH, 

While  the  expedition  was  being  organized  at  Ogden,  Utah  Territory, 
Mr.  W.  H.  Jackson  was  ordered  to  make  a  photographic  tour  through  a 
portion  of  Colorado.    Fortunately,  I  was  able  to  accompaD3'  him,  and 
while  assisting  him  took  a  few  notes  in  regard  to  the  lithology  and  geol- 
ogy of  the  places  we  visited.    Colorado  City  and  Golden  City  were  our 
principal  points,  and  it  is  of  them  I  will  speak  more  particularly.    We 
were  limited  as  to  time,  and  the  area  over  which  we  passed  was  so  small 
that  I  shall  have  to  restrict  all  I  have  to  say  to  each  immediate  locality ; 
still  I  hope  it  may  not  be  without  some  little  interest.  We  left  Omaha  on 
the  20th  of  May,  and  the  following  evening  reached  Denver,  in  Colorado 
Territory.    In  passing,  let  me  say  a  word  or  two  about  Denver.   Thirteen 
years  ago  a  log-cabin  represented  this  city,  that  now  contains  a  popula- 
tion of  over  14,000  people,  and  which  is  in  every  way  a  thriving  and 
prosperous  place,  bidding  fair  to  become  the  metropolis  of  the  far  West. 
Four  years  ago  there  was  not  even  a  mile  of  railroad  in  the  Territory, 
and  to-day  Denver  is  the  center  of  five  distinct  lines  of  railroad,  and 
still  more  are  being  built.    The  city  is  beautifully  situated  on  the  banks 
of  Cherry  Creek,  about  twelve  miles  from  the  mountains.    The  plain 
upon  which  it  is  built  is  so  covered  with  the  superficial  drift  of  the 
mountains  that  the  underlying  rocks  are  entirely  concealed.    There  is  lit- 
tle doubt,  however,  as  to  what  they  are,  for,  as  we  proceed  toward  the 
mountains,  we  come  upon  the  upturned  edges  of  Tertiary  sandstones, 
containing  beds  of  coal,  the  tipping  up  of  which  is  explained  by  the 
grand  range  immediately  in  front  of  us,  from  which  Gray's  Peak  and 
Long's  Peak  raise  their  snowy  heads,  seeming  almost  to  pierce  the 
heavens.    Leaving  Denver  we  took  the  Denver  and  Rio  Grande  Railroad 
to  Colorado  Springs,  some  seventy-six  miles  farther  south.    This  rail- 
road is  a  narrow-gauge  road,  and  the  first  of  any  length  that  has  been 
built.    It  threatens  to  work  an  important  revolution  in  the  railroad- 
system  of  the  West.    The  road  gradually  ascends  upon  leaving  Denver 
ifntil  we  reach  the  summit  of  the  Colorado  divide.    This  is  a  spur  or 
high  ridge,  projecting  from  the  mountains  at  right  angles  to  their  trend. 
It  forms  the  dividing  line  between  the  waters  of  the  Platte  River  and 
those  of  the  Arkansas.    It  is  very  thickly  timbered,  and  lumbering  is 
carried  on  quite  extensively.    The  ascent  from  Denver  to  the  summit  of 
the  divide  is  very  gradual,  and  it  is  a  little  diflicult  to  believe  that  one 
has  ascended  2,000  feet.    The  elevation  of  the  divide  at  the  summit  is 
8,000  feet  above  the  sea.    Smoky-quartz  crystals  are  found  here  quite 
abundantly,  and  are  called  topaz  by  the  people.    I  was  shown  several 
good  specimens  said  to  have  been  picked  up  near  the  railroad.    The 
rocks  as  seen  from  the  cars  seem  to  be  mostly  red  and  gray  Tertiary 
sandstones.    From  the  divide  the  railroad  has  a  gentle  descent,  and 
after  a  ride  of  twenty  four  miles,  passing  some  beautil'nl  scenery,  we 
reach  Colorado  Springs.    This  is  a  new  colony,  just  established  on  the 
line  of  the  rnilroad.     It  is  about  eight  miles  from  the  mountains.     Its 
site  is  covered  with  local  drift  from  the  hills.    To  the  east  the  country 
spreads  out  into  the  plains.    We  spent  several  days  at  Colorado  Springs, 
making  excursions  to  the  various  points  of  interest.    Our  first  day  was 
spent  in  the  "Garden  of  iLe  Guc»s,'^  about  four  miles  northwest  from 
Colorado  Springs  and  two  railes  north  of  Colorado  City.    This  interest- 
*  ig  and  peculiar  place  is  a  valley  in  the  foot-hills  of  the  range,  and  is 
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inclosed  by  an  almost  vertical  wall  of  massive  sandstone  of  Cretaceous 
age.  The  rocks  whicb  we  find  inside  have  beofki. subjected  to  an  im- 
mense deal  of  erosion,  and  the  many  ridges  and  toiler-like  forms  left 
standing  throughout  the  garden  are  the  remnants  ef  tbe  parallel  stratii 
which  dip  to  the  northeast  at  a  very  great  angle.  In  some  places  they 
seem  to  dip  a  few  degrees  in  the  opposite  direction.  As  we  go  toward 
the  mountains,  the  dip  decreases.  These  rocks  are  fine-grai aed  sandstones, 
of  a  deep  brick-red  color,  with  here  and  there  layers  and  spots  of  a.lighter 
red,  and  sometimes  white.  The  ridges  are  exposed  for  some  distance  to 
the  north,  while  to  the  south,  after  bending  toward  the  eas%  tbey  ap- 
pear to  be  covered  by  the  debris  from  the  mountains.  The  entrance  to 
the  **  garden"  is  through  the  "  Beautiful  Gate,''  an  opening  throiT^^one 
of  the  highest  ridges  of  red  sandstone.  We  estimated  the  height  of  this 
ridge  to  be  300  feet.  The  northern  end  is  considerably  higher,  and  view- 
ing it  so  as  to  see  the  end  alone  the  resemblance  to  the  tower  of  a  grand 
cathedral  induced  us  to  call  it  **  Cathedral  Rock.''  Another  collection  of 
rocks  inside  the  "  garden"  had  the  name  of  "  Montezuma's  Cathedral." 
On  the  western  surface  of  the  ridge  mentioned  above,  the  water  has  worn 
quite  a  large  cave.  The  sandstone  is  very  soft  in  most  places  and  can 
be  readily  crushed  in  the  fingers.  The  softness  is  due  probably  to  the 
effect  of  the  weather.  As  we  go  toward  the  west  the  hardness  increases. 
Outside  of  the  red  layers,  and  a  few  hundred  feet  farther  to  the  east,  there 
is  a  layer  of  white  sandstone  parallel  to  the  red  and  tipped  up  at  the 
same  angle,  about  7(P.  Outside  of  this,  and  in  contact  with  it,  is  a  bed 
of  gypsum  which  is  of  considerable  thickness.  From  it  I  obtained  spe- 
cimens of  selenite  and  satin-spar.  The  specimens  of  amorphous  gyp- 
sum I  obtained  are  exceedingly  beautiful,  the  white  variety  being  of 
course  the  most  abundant.  I  got  also  some  very  pretty  pink  varieties. 
The  following  day  we  spent  in  visiting  Glen  Eyrie  and  the  Soda 
Springs  on  the  "  Fontaine  qui  Bouille.*'  Glen  Eyrie  is  also  sometimes 
called  the  "  Little  Garden  of  the  Gods,"  from  its  resemblance  to  the 
**  Garden  of  the  Gods,"  which  wo  first  visited,  and  which  is  farther  to  the 
south.  The  entrance  is  through  a  natural  gateway,  cut  through  a  mass- 
ive ridge  of  gray  sandstone  by  Camp  Creek,  which  flows  through  the 
glen.  The  sandstones  are  covered  with  moss,  giving  them  a  most 
picturesque  appearance,  and  General  Palmer,  who  has  made  his  home 
here,  has  given  them  the  name  of  "  Painted  Rocks."  The  ridge  forms  a 
high  wall,  dipping  northeast  at  an  angle  of  CQo.  The  age  of  this  sand- 
stone is  Cretaceous.  Just  inside  of  it  there  is  a  layer  of  limestone, 
which  is  probably  Jurassic,  and  next  to  this  is  a  layer  of  gypsum,  the 
continuation  of  the  bed  I  mentioned  above.  Then  ibllow  soft,  red  sand- 
stones, coiTCsponding  to  those  in  the  "  Garden  of  the  Gods,"  although 
they  are  lighter  in  color,  at  a  distance  seeming  to  be  of  a  flesh  color. 
They  are  eroded  into  curious,  fantastic  forms.  One  in  particular  deserves 
mention.  It  is  a  mass  of  red  rock,  30  I'eet  in  diameter,  and  rising  to  the 
height  of  200  feet.  It  is  a  monolith,  the  top  of  which  is  larger  than  at 
the  base,  and  looking  at  it  one  almost  expects  to  see  it  toppling  over. 
It  is  called  "  Needle  Rock."  The  area  included  in  the  "  Little  Garden  of 
the  Gods  "  is  much  less  than  in  the  other  garden.  The  red  sandstones, 
as  we  approach  the  hills,  become  harder,  seeming  to  be  almost  crystal- 
line, and  have  a  deeper  color.  The  angle  of  the  dip  has  decreased,  and 
at  this  i)oint  is  only  20^.  Where  Camp  Creek  has  cat  its  way  through 
these  bard  layers  there  is  a  fine  exposure  of  the  strata.  Here  is  Glen 
Eyrie  proper,  and  a  wild,  weird-looking  place  it  is.  The  dark-red 
rocks  and  the  bright-green  foliage,  through  which  we  catch  an  occa- 
sional glimpse  of  the  stream,  form  parts  of  a  picture  well  worthy  the 
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visit  of  one  who  loves  Iftij^ •beautiful.  We  did  not  have  time  to  penetrate 
farther  up  the  caild|^*i)ut  below  these  sandstones  I  believe  there  are 
Carboniferous  lini^iistOiies.  The  thickness  of  these  rocks,  however,  is  not 
very  great.  I  QUn'no't  give  the  exact  thickness,  as  I  had  no  means  of 
measuring  theui.'*. 

Leaving  GicK'Eyrie  we  passed  a  second  time  through  the  "Garden  of 
the  Gods",  dnil -after  a  ride  of  some  six  miles  reached  the  Springs  on  the 
Fontaine  qui  -Bouille,  a  branch  of  the  Arkansas  River.  There  are  five 
principal- springs.  The  first  one  is  the  "Manitou'^  or  "Doctor  Spring."  It 
is  on^^U^e  fifft  bank  of  the  river,  and  is  quite  small,  measuring  hardly  a 
foot .lur-iijia meter.  The  water  contains  a  large  percentage  of  carbonic 
acKty.Hftd  there  is  a  slight  bubbling,  caused  %  the  escape  of  the  gas. 
J1io%\vater  is  more  agieeable  to  the  taste  than  that  of  any  of  the  other 
.  i^Ji'bigy.    There  is  quite  an  abundant  deposit  of  carbonates  about  the 

.  '/.wring  reaching  to  the  edge  of  the  river.    The  overflow  of  water  is  very 
,  \    small.    The  water  contains  about  two  drachms  of  solid  matter  to  the 

*  * '  gallon.     Its  temperature  was  57°  F.    It  is  feebly  alkaline.    An  analysis, 
made  by  Mr.  Frazer  in  18G9,  rev^ealed  the  following  contents : 

Carbonate  of  soda. 
Carbonate  of  potassa. 
Carbonate  of  lime. 
Chloride  of  sodium. 
Alumina. 
Trace  of  iron. 

The  next  spring  is  the  "  Comanche.'^  This  is  a  chalybeate  spring, 
situated  in  a  small  thicket,  on  low,  marshy  ground,  on  the  right  bank  of 
the  river,  near  the  water's  edge.  There  is  no  deposit  about,  save  a 
slight  one  of  oxide  of  iron,  and  the  escape  of  gas  is  very  insignificant. 
The  iron  is  quite  perceptible  on  tasting  the  water.  Its  temperatui:e  was 
48^.5  F. 

The  next  spring,  in  size  the  second,  is  the  *<  Shoshone."  It  is  also  on 
the  right  bank  of  the  river,  and  is  close  to  the  wagon-road.  There  is  a 
continuous  escape  of  carbonic-acid  gas  from  it,  but  the  ta«te  of  the 
water  does  not  compare  with  that  of  the  Manitou.  It  is  surrounded  by 
cousid(iral)le  deposit,  consisting  mostly  of  carbonates  of  soda  and 
potassa,  with  also  a  trace  of  sulphur.  (Frazer,  1809.)  Its  temper.ature 
is  55^.5  F.  Below  the  Shoshone  Spring,  on  the  edge  of  the  river,  ia  the 
"  Nashataga,''  an  unimportant  spring,  having  a  temperature  of  52^  p. 

The  largest  spring  is  the  '*  Bathing  Spring."  It  is  almost  opposite 
the  ^lanitou,  and  has  a  very  abundant  deposit,  in  which  the  opening 
of  the  spring  is  about  five  feet  in  diameter.  The  escape  of  gas  is  more 
violent  than  in  any  of  the  other  springs.  Its  temperature  is  60°  F. 
Water  is  conveyed  from  it  in  iron  pipes  to  a  bath-house,  \vhich  has  been 
recently  erected.  An  analysis  of  the  deposit  from  these  springs,  made 
by  Dr.  Drown  in  1871,  is  as  follows: 

Per  cent. 

Cblorido  of  sodium 36.69 

Chloride  oTpotaKsinm 10.  01 

]Ji(arboiiat(^  of  soda ^. li-LOl 

SnlpliJito  of  Hoda 4.78 

liiciirboiiato  of  lime 15.  (>'3 

liicarbonate  of  magnesia 8.61) 

Total 100.00 

The  names  of  some  of  the  other  unimportant  springs  are  the  ^'  Iron 
Ute,'-  *'Xavajo,"  the  "Arapahoe,"  and  the  *' Pawnee." 
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Fremont  visited  these  springs  in  1843  and  took  the  temperature  of 
two  of  them.  I  will  give  his  temperatures  and  those  I  took  in  tabular 
form,  so  that  they  can  more  easily  be  compared.  His  upper  spring 
corresponds,  I  believe  from  his  description,  to  the  Bathing  Spring,  and 
the  lower  spring  to  the  Shoshone. 

Temperatures  ofFrdmonty  July,  1843. 


Time. 

■ 

Temperature    of 
upper  spring. 

Temi)erature    of 
lower  spring. 

Temperature    of 
air. 

11a.  m. ...... ............ 

69^  F. 

61 

54.3 

60^.5  F. 

58 

57 

730  F. 

Saniise 

66 

Sans9t 

67.5 

Temperatures,  May,  1872. 


Kame  of  spring. 

Time. 

Temp,    of    air. 

Temp,    of   spring. 

BatbiofiT  SDrincr.. ...... .... 

Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 

700  F. 

70 

70 

70 

70 

60°  F. 

Shoshone. 

55. 5 

Comanche. ................ 

48.5 

Manitou 

57 

Nasbatiira 

52 

A  comparison  of  the  above  tables  would  seem  to  show  that  in  the  last 
twenty-nine  years  the  water  of  the  springs  has  become  cooler.  Some  of  the 
diflerence  in  temperature  may,  perhaps,  be  due  to  the  difterence  in  ther- 
mometers used.  A  large  hotel  lias  been  built  near  the  springs  for  the 
accommodation  of  invalids  and  tourists,  and  there  is  no  doubt  that  before 
long  this  will  be  one  of  the  favorite  sanitariums  of  the  West.  The  site 
of  a  viltige  has  also  been  laid  out,  to  which  the  name  of  Manitou  has 
been  gi\en.  Leaving  the  springs  we  followed  the  road  up  the  caiion  to 
the  Ute  Pass.  The  road  through  this  pass  leads  to  the  silver  mines  of 
the  Souih  Park.  It  has  been  cut  through  solid  granites.  The  canon 
is  a  most  romantic  one,  and  the  stream  rushes  down  the  deep,  narrow 
gorge  in  a  series  of  cascades  and  falls.  The  largest  fall,  Ute  Fall,  is 
GO  feet  in  heighta  The  granite  through  which  the  stream  has  cut  its 
way  is  a  red  porphyritic  granite,  presenting  a  beautiful  appearance, 
due  to  the  large  red  crystals  of  feldspar,  (Orihoclaae.)  The  mica  is 
somewhat  smaller  in  quantity  and  of  a  black  color.  The  rock  would 
donbtle^s  be  capable  of  a  very  high  polish.  As  a  building-stone  I  do 
not  think  it  will  have  much  value,  as  it  readily  breaks  down  on  exi)osure 
to  the  weather.  I  noticed  at  various  places  on  the  walls  of  the  canon 
stains  and  discolorations,  due  to  the  infiltration  of  mineral  waters. 

The  junction  of  the  sedimentary  rocks  with  the  granites  is  well  shown 
in  the  pass.  In  some  places  the  former  are  lifted  high  upon  the  hills, 
dipping  northeast,  at  angles  varying  from  10^  to  30^.  The  rock  imme- 
diately' ui)on  the  granites  is  a  hard  fine-grained  sandstone  containing 
irregular  seams  of  pebbles.  Its  color  varies  from  a  yellowish  gray  to 
red.    The  dip  was  north  40^  east ;  angle,  20^. 

Oar  next  trip  was  made  to  Chiann  Caiion,  through  which  Ohiann 
Creek  flows  to  join  the  Fontaine  qui  Bouille.    In  company  with  Messrs. 
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Nettleton,  Faller,  and  Potter,  and  Dr.  Gatcbell,  of  Colorado  Springs, 
we  started  early  in  the  morning,  and  after  a  ride  of  four  miles  over  the 
uiesiis,  reached  the  mouth  of  the  caHon,  where  we  left  our  wagons  and 
males  and  proceeded  the  rest  of  the  way  on  foot,  carrying  the  photo- 
graphic ap])aratas  and  materials  on  our  backs.  The  caiion  is  very  nar- 
row and  the  granite  walls  rise  precipitously  on  either  side  to  the  height 
of  GOO  feet  above  the  bed  of  the  stream.  We  were  obliged  to  cross 
and  recross  the  stream  many  times  in  order  to  get  alcHig,  as  the  banks 
in  some  places  were  too  steep  to  allow  our  passing  along  them.  After 
a  walk  of  about  a  mile  and  a  half  we  came  to  a  fail,  or  rather  a  series 
of  falls,  which  prevented  any  farther  progress  up  stream.  There  werd 
three  distinct  falls,  one  above  the  other,  the  entire  height  being  3^ 
feet.  The  water  in  falling  strikes  numerous  ledges,  which  churn  it  iito 
a  mass  of  foam.  It  has  worn  in  the  solid  granite  a  rounded  basin  sur- 
rounding which  are  walls  reia^hing  the  height  of  800  feet.  The  5est 
view  of  the  falls  is  to  be  had  about  a  quarter  of  a  mile  below  on  the 
side  of  the  canon.  At  a  point  300  feet  above  the  bed  of  the  creek  we 
have  a  magnidcent  view  of  the  entire  falls,  while  back  of  then:  rise 
the  hills  which  stand  at  the  foot  of  Pike's  Peak,  and  in  the  fore>ground, 
far  below  us,  we  catch  a  glimpse  of  the  creek  as  it  reflects  the  sunlight 
through  the  foliage  of  the  pines. 

The  following  is  a  list  of  the  minerals  I  obtained  while  at  Coloiado 
Springs :  Snowy  gypsum,  pink  gypsum,  selenite,  satin-spar,  (fibrous 
gypsum,)  yellow  calcite,  (crystallized,)  amazon  stone,  (prthoclase,)  ame- 
thyst, smoky  quartz,  white  quartz,  opal,  and  agate. 

We  left  Colorado  Springs  on  the  27th  of  May,  and  on  the  29th  ainved 
at  Cheyenne,  Wyoming  Territory.  On  the  3d  of  June  we  startea  on  a 
second  trip,  our  destination  this  time  being  Golden  City.  Golden  City  is 
about  twenty  miles,  almost  due  west,  from  Denver,  at  the  base  yt  the 
foot-hills  of  the  main  range  of  the  Eocky  Mountains.  It  is  situared  in 
a  valley,  between  the  hills  and  two  mesas,  or  table-like  mountains.  They 
stand  between  the  town  and  the  plain,  and  between  them  is  the 
Golden  Gate,  through  which  Clear  Creek  flows  out  to  the  plains.  Both 
the  mesas  are  surmounted  by  layers  of  basalt.  The  north  mesa^  called 
Table  Mountain,  is  about  a  mile  in  width  and  a  little  more  than  tvso  miles 
in  length.  On  the  western  side,  overlooking  the  town,  is  a  prtminent 
mass  of  bare  rock,  which  is  called  the  Castle.  The  south  mesa  has 
the  same  width  as  the  one  on  the  north,  but  is  longer,  extending 
for  four  miles.  The  upper  portion  of  the  basalt  capping  thetje  mesas 
is  more  compact  than  the  lower  layers  and  is  somewhat  cclumnar. 
Beneath  the  basalt  are  Tertiary  formations — sandstones  and  clays. 
The  surface  of  the  mesas  is  somewhat  irregular  and  covered  with 
grass.  They  form  the  grazing-grounds  for  large  herds  of  cattle.  The 
Tertiary  beds  continue  some  distance  west  of  the  mesas,  and  contain 
coal.  The  principal  bed  varies  in  thickness  from  a  few  inches  to 
eight  feet.  It  is  almost  vertical.  There  arc  four  openings  into  it,  thrte 
of  which  are  owned  by  the  Mineral  Land  Company  and  leased  to 
the  Hazleton  Company.  Only  one  of  them,  however,  is  worked  at 
present ;  one  of  the  others  has  been  burned  out — since  which  work  has 
not  been  resumed — while  the  third  is  filled  with  water.  A  fourth  open- 
ing is  owned  b\'  Judge  Johnson.  Only  enough  coal  is  mined  to  supi^ly 
the  local  demand.  The  ridge  above  the  coal  is  a  white  sandstone  con- 
taining impressions  of  deciduous  leaves,  while  beneath  the  coal  is  a  bed 
of  clay.  The  strike  of  these  beds  is  almost  duo  north  and  south.  Be- 
low the  coal-beds  are  red  and  gray  sandstones  with  a  layer  of  limestone. 
These  sandstones  rest  immediately  on  the  metamorphic  rocks  at  an  angle 
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of  about  450.    The  effect  of  erosion  here  has  been  to  so  level  these  beds 
that  it  is  difficult  to  trace  the  succession  of  the  various  layers. 

Wo  made  several  excursions  while  at  Golden  City,  one  of  which  was 
np  Clear  Greek  Oaiion,  through  which  the  Colorado  Central  Eailroad, 
a  narrow-gauge  road,  runs.  When  finished  it  will  x)enetratetothe  min- 
ing-districts of  Cteorgetown  and  Central  City.  When  we  visited  it 
the  road-bed  was  graded  some  ten  miles  above  Golden  City.  The  creek 
has  cut  its  way  through  the  hills  in  a  tortuous  conrse,  leaving  high 
walls  of  gneiss  and  granite  standing  on  either  side.  In  the  gneisses  I 
obtained  gamete  and  magnetite.  There  has  been  some  gold-mining 
carried  on  in  Clear  Creek  Caiion,  but  I  judge  it  was  with  but  little  profit. 
At  any  rate,  at  the  present  time  the  diggings  "are  abandoned. 

f^m  the  office  of  the  Colorado  Central  Bailroad  I  obtained  speci- 
mens of  ores  from  Central  City,  consisting  mainly  of  gold  quartz, 
pyrites,  and  argentiferous  galena. 

Having  completed  our  work  we  left  Golden  City  and  started  for  Ogden, 
Utah  Territory,  where  we  joined  the  main  party  in  camp  on  the  8th  of 
June.  The  Wasatch  Range,  at  the  foot  of  which  the  town  of  Ogden  is 
built,  has  a  trend  north  and  south.  Its  geological  structure  is  beauti- 
ftilly  shown  in  the  many  canons  which  cut  deeply  into  it  almost  atright 
angles  to  the  trend.  It  is  in  these  canons  that  the  profitable  mines  of 
Utah  are  situated.  The  canons  near  Ogden  are  Ogden*  Canon  and 
Webfer  Caiion.  Through  the  latter  the  Union  Pacific  Railroad  finds  its 
way  into  the  Great  S«alt  Lake  Basin.  Between  these  two  there  are  a 
number  of  smaller  canons  which  cut  the  mountains  only  partially.  Two 
of  these,  immediately  back  of  our  camp,  are  Taylor's  Canon  and  the 
Waterfall  Canon.  In  the  former  there  is  a  limekiln  in  operation.  Here 
also  some  miners  claim  to  have  discovered  tin.  An  examination  of 
specimens  proves,  however,  the  absence  of  any  metal  and  showed  the 
specimen  to  consist  almost  entirely  of  hornblende.  The  Waterfall  Caiion 
is  named  from  the  occurrence  in  it  of  a  fall  some  300  feet  in  height. 
The  water  falls  over  a  ledge  of  white  quartzite.  Above  it  rises  Mount 
Bechler,  whose  height  is  9,716  feet.  The  base  of  the  mountains  near 
Ogden  is  for  the  most  part  a  red  syenite,  whose  specific  gravity  is  about 
2.0.  This  syenite  passes  into  granite  and  gneiss.  It  contains,  in  places, 
veins  of  hornblende,  and  the  gneisses  have  veins  of  quartz  with  spequ- 
lar  iron.  Several  of  these  veins  have  had  openings  made  into  them  by 
prospectors.  The  largest  is  just  south  of  the  Waterfall  Canon.  It  is 
four  feet  in  width  and  x>enetrates  the  rock  to  a  depth  of  thirty  feet  hori- 
zontally. The  walls  on  either  side  are  gneisses,  stained  with  the  green 
carbonate  of  copi>er,  (malachite.)  The  gangue  is  quartz  and  serpentine. 
Associated  with  the  specular  iron  or  micaceous  hematite  are  iron  pyrites 
and  stainings  of  copper.  The  iron  is  in  veins  varying  from  the  fraction 
of  an  inch  to  two  inches  in  thickness.  On  the  north  side  of  Ogden  Canon 
I  found  another  opening,  much  smaller,  in  chloritic  schists,  which,  at 
this  point,  lie  just  above  the  syenite.  The  gangue  here  was  white 
quartz,  containing  veins  of  micaceous  hematite.  The  schists  contained 
numerous  veins  of  quartz.  Above  thef  metamorphic  rocks  there  are  heavy 
beds  of  quartzite,  the  lower  bed  of  which  is  conglomerate,  the  siliceous 
matrix  containing  pebbles  of  bright-red  jasper.  The  quartzites  have  a 
specific  gravity  of  2.6  and  are  mostly  of  white  color,  although  in  some 
places  they  are  pink  and  again  dark  brown,  becoming  highly  ferruginous. 
Above  thequartzites  are  heavy  beds  of  dark-blue  maguesian  limestonesof 
Silurian  age,  above  which  are  Carboniferous  limestones.  I  was  shown  a 
8i>ecimen  of  graphite  from  near  North  Ogden,  a  village  six  miles  above 
Ogden.    At  the  upper  end  of  Ogden  Caiion  galena  is  found  associated 
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with  carboD.ato  of  cop|>er  ia  liinestoues.  Tbis  corresponds  to  the  loca- 
tion of  tlie  most  productive  silver  mines  iir  Utah.  They  are  almost 
BitiiattMl  ill  liiiiestonesat  the  heads  of  the  cailoiis,  and  the  oi'es  are  ores 
of  lead  coutainiui;  silver.  The  minerals  I  obtained  at  Ogden  are  the 
following:  inieaceons  hematite,  irou  pyrites,  f^alenite,  magnetite, 
j;i':(]>liite,  aztii'ite,  malachite,  garnets,  quartz,  chlorite,  talc,  seriteutiue, 
jnsptT,  hornblende,  serpentine, -and  calcite. 

On  the  lUth  of  Jnno  Mr.  Jackson  started  on  a  photographic  trip  to 
Little  (Jottonwnod  CaQon,  on  which  trip  1  accompanied.  From  Ogden 
to  Suit  Lake  City  we  tooli  the  Ut-aii  Central  Bailroad,  which  skirts  tlie 
edffn  of  the  niimittains.  The  granitio  rocks  extend  for  some  distance 
below  Weber  Gaiion,  but  as  wo  near  Salt  Lake  City  the  limestones  form 
the  base  of  the  mountains,  near  which  areanumberof  limekilns.  The 
limestone  for  the  kilns  seemed  to  be  taken  from  the  upper  layers,  prob- 
ably  becanae  the  lower  ones  are  siliceous,  na  at  Ogden. 

The  caiions  which  cnt  through  the  Wahsatch  Bange  near  Salt  Lake 
City  are  as  follows,  in  their  onlcr  from  north  to  south:  lied  Butte,  E^mi- 
gration,  Parley's,  Mill  Creek,  Big  Cottonwood,  and  Little  Cottonwood. 
At  the  head  of  the  latter  are  some  of  tlie  best  silver  mines  to  be  found 
in  Utah,  and  among  them  is  the  famous  IJmma  mine.  Leaving  Salt 
Lake  City  we  take  the  State  road,  and  after  a  ride  of  ten  miles  in  a 
Bonthenaterly  tlirection,  passing  lietwe  n  thriving  farms  dotted  with 
comfortable-looking  houses,  wo  turn  '  /  the  left  and  strike  across  the 
country-  to  the  mountains.  Directly  '  ^tbre  us  is  the  highest  point  in 
the  WaliMatch  tiange,  the  Twin  Pea_8,  over  12,000  feet  above  sea-level. 
A.S  we  ride  along  we  see  distinctly  marked  on  the  sides  of  the  mount- 
ains in  front  of  us  the  water-lines  of  the  former  shore  of  the  Great 
Salt  Fjitke.  These  old  shore-lines  are  distinctly  marked  on  the  mount- 
ains, on  all  sides  of  the  lake,  and  on  the  islands  in  the  lake.  We  pass 
over  numerous  terraces  and  at  length  reach  the  month  of  the  caQon. 
Here  thoi'c  are  no  less  than  seven  distinct  terraces,  some  of  tliem,  how- 
ever, (hie  to  the  action  of  the  Cottonwood  Creek.  Near  the  mouth  of  the 
caQuu  there  are  smelting-works,  to  which  ore  is  brought  from  the  mines 
pj.  ^,  at  the  head  of  the  creek.    Inside  the 

caHon  we  find  ourselves  between  high 
granite-walls,  rising  pre<:ipitously  on 
either  side  of  the  creek  The  first 
thing  to  attrict  our  nttention  is  the 
conspicuous  bedding  oi  these  gnu 
ite-4  The  dip  is  east  it  an  angle  of 
60°  to  70°  Ihe  gianito  is  ot  a  light 
gray  color,  couipotied  of  white  teld 
spar  (orthocl  ise,)  quart?,  and  black 
inici  Tho  bottom  of  the  canon  is 
stuwn  with  bonldtis  of  grinite, 
which  lie  St  ittered  on  r  it  in  iiie\tri 
ciblo  confusion  In  m^n\  ot  them 
(1  ig  Ji)  1  noticed  \ein*»  ot  teldspir 
of  ibont  two  niches  m  widt^h  crossing 
etch  othei  it  iignt  ingles  Anothii 
■uci^oF  CI.A,  [IK  .-nil  FET.i.srATiiJ- SMAMS,  noticeable  feature  in  these  granites 
is  the  occnrrenceof  rounded  pebble-like  masses,  of  a  dark  color,  inclosed 
in  the  gray  matrix.  Professor  SiJliman,  (SilUman's  Journal,  vol.  iii,piige 
190,)  referring  to  these,  says  "  These  granites  are  prol'-ably  inetamor[>hie, 
of  coglomerates,  an  opinioLi  first  suggested  to  me  by  I'lofessor  W.  P. 
Blake."    As   he  also  further  states,  Lhei'e  is  a  x>ebble  like  roundness  in 
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the  particles  of  qnartz  in  this  granite  which  points  to  a  mechanical 
origin.  The  rock  is  qnite  uniform  in  its  structure.  A  mile  or  two  in 
the  caOou  we  came  to  a  small  village  called  Graniteville.  It  is  near 
here  that  the  granite,  of  which  the  Mormon  temple  is  being  built,  is 
quarried.  Instead  of  working  into  the  rock  on  the  sides  of  the  canon, 
the  quarrying  is  confined  to  the  huge  blocks  of  granite  which  are  scat- 
tered over  the  bottom  tm  both  sides  of  the  creek.  Some  of  these  blocks 
are  immense,  measuring  30  feet  square.  They  are  split  into  therequirc(l 
size.  Our  road  for  about  five  miles  leads  us  between  the  granite  walls 
that  tower  far  above  us,  surmounted  by  dome-like  masses,  whose  summits 
are  covered  with  snow^  givingorigin  to  the  numerous  falls  and  cascades 
which  abound  on  the  sides  of  the  caiion.  The  Little  Cottonwood  Creek 
flowing  past  us  falls  about  500  feet  to  the  mile.  It  rufshes  along  furiously 
over  its  rocky  bed,  seeming  to  be  at  war  with  the  immense  bowlders  that 
dispute  it^  right  of  way.  As  we  proceed  we  leave  the  granites  l>ehind 
as,  and  above  us  project  the  sharp,  jagged  edges  of  quartzite  beds. 
These  quartzites  have  a  reddish  color,  and  are  followed  by  slates  upon 
which  rest  thick  beds  of  white  limestone.  The  lower  beds  are  crystalline 
and  probably  Silurian,  although  I  was  unable  to  find  any  fossils  in  them. 
The  upper  layers  are  dolomitic,  and  are  Carboniferous  in  age.  It  is  in 
these  limestones  that  the  ores  occur.  The  principal  mine  is  the  Emma. 
Unfortunately,  owing  to  a  disturbance  at  the  time  of  our  visit,  1  was 
unable  to  see  the  Emma  mine,  but  visited  the  Flagstaff  and  the  Silver 
Star.  I  quote  the  following  analysis  and  remarks  upon  the  ore  of  the 
Emma  mine  from  an  article  by  Professor  Sillimau:* 

I  am  able  to  present  an  analysis  of  an  average  sample  of  82  tons  (=183,080  ponnds) 
of  tirst-class  ore  from  the  Emma  mine,  made  l»y  James  P.  Merry,  of  Swansea,  April, 
1871,  which  is  as  follows : 

Per  cent. 

Silica 40.90 

Lead 'MAi 

Sulphur : 2.37 

Autimouv - 2.27 

Copi>€r  /. .* 0.^3 

Ziuc 2.1>2 

Manganese 0. 15 

Iron - 3. 54 

Silver ; 0.48 

Alumina 0.35 

M:ij;nesia 0.25 

Lime 0.72 

Carbonic  acid 1.  ^^0 

90.42 
Oxygen  and  water  by  difference 9.58 

100. UO 

The  quantity  of  silver  obtained  from  this  lot  was  15C  troy  ounces  to  the  gross  ton  of 
2,240  pounds. 

This  analysis  sheds  important  light  on  the  chemical  history  of  this  remarkable 
metallic  deposit,  anil  will  aid  us  in  the  study  of  the  paragenesis  of  tho  derived  species. 
It  in  pretty  certain  that  all  the  heavy  metals  have  existed  originally  as  sulphides,  and 
we  maj-,  tlicrefore,  state  the  analysis  thus,  allowing  8.52  per  cent,  sulphur  to  convert 
the  heavy  metals  to  this  state : 

Silica 40.90 

Metallic  salphidea 52.60 


••• 


Al,.35,Mg,  .25;Ca,.72;  Mn' Mn,  .20 152 

95.02 

Water,  carlxmic  acid,  and  lofls 4.93 

^ ==< 

^American  Joomal  of  Science  and  Arts,  vol.  iii,  page  196. 
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ThiH  calcnlation  assnmes  that  the  snlphides  are  as  follows,  viz :  p«r  cent. 

Galonite 38.69 

Stibnite 3.30 

Bornito 1.03 

Sphakrite,  (blende) 3.62 

Pyrito 5.42 

Argeutite *. • 0.54 

52.60 

This  Btatement  excludes  the  presence  of  anj  other  gangne  than  silica,  and,  consider- 
iu^  that  the  ores  exist  in  limestone,  the  almost  total  absence  of  lime  in  the  composition 
of  the  average  mass  is  certainly  remarkable.  The  amount  of  silica  fonnd  is  noticeable, 
siuce  quartz  is  not  seen  as  such  in  this  great  ore-chamber,  nor,  so  far  as  I  could  find,  in 
other  parts  of  the  mine.  The  silica  can  have  existed  in  chemical  combination  only  in 
the  most  inconsiderable  quantity,  since  the  bases  with  which  it  could  have  combined 
are  present  to  the  extent  of  less  than  1^  x>er  cent. ;  nor  do  we  find  in  the  mine  any 
noticeable  quantity  of  kaolin  or  lithomarge  resulting  from  the  decomposition  of  sil- 
icates, nor  are  there  any  feldspathio  minerals.  It  is  most  probable  that  the  silica  existed 
in  a  Htate  of  minnto  subdivision,  diffused  in  the  sulphides  as  I  have  seen  it  in  some  of 
the  uucbanged  silver-ores  of  Lion  Hill,  in  the  Oquirrh  Range. 

Tlie  abHence  of  chlorine  and  of  phosphoric  acid  in  the  analysis  corresponds  well  with 
the  absence  of  the  species  oerargyrite  and  pyromorphite,  of  which  no  trace  could  be 
foiiiul  by  the  most  careful  search  among  the  contents  of  the  mine. 

From  the  Flagstaff  and  Silver  Star  I  obtained  specimens  of  wolfenite, 
aurichalcite,  galeuite,  lithoinarge,  massicot,  cervantite,  and  oeransite. 
The  wulfenito  I  foand  in  minate,  brilliant,  yellow,  tabular  crystals,  in 
cavities  in  ochraceoos  ores,  and  also  associated  with  oerossite.  Other 
minerals  found  at  this  locality  are  aznrite,  malachite,  calamine,  angle- 
site,  sphalerite,  pyrite,  argentite,  antimonial,  galenite,  anglesite,  kaolin, 
and  limonite. 

A  specimen  of  galena  fix>m  the  Yallejo  tunnel  of  the  Silver  Star  mine 
yieldcHl,  on  examination,  a  small  percentage  of  silver. 

Among  the  rocks  I  obtained  while  at  Ogden  were  specimens  of  aplite, 
protogiiie,  bornblendic  gneiss,  protogenic  gneiss,  chlorite,  schist,  and 
micaceous  schist. 

Before  closing  this  chapter  I  wish  to  express  my  thanks  to  Messrs. 
Net  tleton  and  Somers,  of  Colorado  Springs,  and  the  officers  of  the  Colo- 
rado Central  Railroad  in  Golden  City,  for  favors  and  information 
afforded  us  while  in  Colorado. 


CHAPTER  II. 

FORT  ELLIS  TO  GARDINER'S  RIVBR. 

On  the  22d  of  June  the  expedition  was  divided  into  two  parties  at 
Ogden,  and  I  found  myself  a  member  of  the  party  which  was  to  make 
Fort  Ellis,  Montana,  the  base  of  operations.  Accordingly,  after  a  long 
and  tedious  stage-ride,  we  pitched  our  tents  near  Fort  Ellis  on  the  29th  of 
June.  Fort  Ellis  is  situated  at  the  head  of  the  Gallatin  Valley,  on  one  of 
the  many  small  streams  that  contribute  to  form  the  East  Gallatin  River. 
The  Gallatin  Valley  is  one  of  the  most  fertile  in  Montana  Territory,  and 
is  surrounded  by  ranges  of  mountains  which  contain  choicest  bits  of 
scenery  as  well  as  contribute  to  the  wealth  of  the  Territory.  The  prin- 
cipal towns  of  the  Gallatin  Valley  are  Bozeman,  Uamilton,  and  Gal- 
latin City.  The  former  contains  a  pox)ulation  of  about  five  hundred 
inhabitants.  Between  Bozeman  and  Gallatin  City  there  are  numerous 
^ell-cultivated  and  productive  farms. 
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The  streams  that  form  tlie  headwaters  of  tlie  Gallatiii  Biver  have 
oat  profoandly  into  the  inoniitaia-  ^ 
ranges,  exposing  their  stmctare  in  ." 
thff  most  Ueaatifiil  maimer.  The  §* 
first  of  the  cauona  to  which  I  will  | 
referisSpringorRockCailon.  This  e 
eanou  forms  a  most  intereating  sub-  g- 
ject  of  stndy,  and  will  answer  ad-  | 
mirably  as  a  type  of  the  others.  It  -- 
is  a  V-shaped  chasm,  cut  throngh  ^ 
the  end  of  an  anticlinal  range  by  ^ 
the  stream.  The  trend  of  this  range  s 
is  northwest  and  southeast.  The  c 
first  thing  that  attracts  our  atten-  | 
tioQ  after  we  are  fairly  inside  the  | 
caSon  is  the  ocoureDce,  on  the  left-  - 
band  side  of  the  creek,  of  an  arch  ^ 
tiiat  crosses  the  road,  and,  describ-  ^ 
ing  a  semicircle  on  the  hill,  again  | 
crosses  the  road  at  the  upper  end  | 
ofthecaSon.  (Fig.  2(i.)  The  first  « 
prominent  bed  we  meet  is  a  layer  ^ 
(tf  coarse,  gray  calcareous  sand-  b- 
stone,  containing  fragmentsof  fqs-  g 
sils.  Proceeding  up  the  cniion  we  ^ 
find  the  center  of  the  arch  is  occu-  n  s 
pied  by  masses  of  Carboniferous 
limestone,  which  tower  far  above 
the  creek,  giviug  a  most  pictur- 
esq,ue  apt^earance  to  the  canon. 
Still  farther  along  we  come  to  the  |^  > 
other  extremity  of  the  arch  and  ^ 
find  the  same  layer  that  we  saw  at 
the  opposite  end.  Following  this  ~^ 
layer  at  the  western  end  of  the  _h 
canon,  that  nearest  Fort  Ellis,  we  g 
find  the  dip  at  the  bed  of  the  creek  a 
to  be  south  45°  west;  angle,  300-400.  $ 
Farther  along  we  iindit  tobesouth  | 
8*1°  west,  the  angle  remaining  about  5 
the  same.  Still  higher  up  on  the  o 
ridge  it  is  north  50°  west;  angle,  9 
150-25°;  and  when  we  reach  the  f: 
highest  point  on  the  ridge  it  dips  a. 
due  north  at  an  angle  of  about  ^5°.  u 
Taking  this  same  layer  again  at  the  » 
level  of  the  creek,  this  time  at  the  J: 
eastern  end  of  the  caiiou,  we  find  % 
the  dip  to  be  in  the  same  direction,  g 
although  the  angle  is  greater.  As  " 
we  go  toward  the  south  it  ap-  » 
proacbes  more  and  more  to  the  ver-  ¥ 
tical,  until  the  dip  becomes  uorth-  ^ 
east  and  the  range  therefore  be-  I. 
comes  a  true  anticlinal.  The  rend-  I 
ing  just  above  the  creek  on  the  ' 
Dorthem  side  gives  a  dip  of  south  4D°  west ;  angle,  70o,    As  wo  follov 


GEOLOGICAL  SURVEY  OF  THE   TEERIT0EIE8. 


ttiD!  ridge  ton-ard  the  nortb,  it  is  sonth 

3(io-3i)0   west;    angle,   tHi°~85°.      Still 

LifiluT  lip  it  is80utb2(Pwestj  angle,85^; 

ami  tlicn  beeonien,  witliin  a  very  abort 

,  distaiice,8oatb  IIP  west;  aiigle,88°-90o. 

As  we  progress  it  passes  llie  vertical 

s  aiiO  <li[is  iiortbeaat  at  a  Iiigb  augle, 

1  wJiicb  gradually  decreases,  the  dip  be- 

i  comitig  Dinre  and  mare  iiortlierly  uutil 

tiie  ai-eb  is  completed.    At  tlie  westeni 

^  end  of  the  cauon  beneath  the  linK«toue, 

3  which  immediately  saceeedstbe  tbssilif- 
eroiis  sandstone,  tliere  is  a  line  exposnre 

4  ot'quartzite-be4ls,  the  top  layers  of  whicb 

5  are  somewhat  ealeai'eoiis.  Tbeu  cornea 
e  a  liiyer  of  conglomerate  made  ap  of 
1  green  and  bi-own  Hint  pebbles,  varying 

jVom  the  size  of  a  walnut  to  oigbt  inches 
in  diameter.   Associated  with  these i>eb- 

e  l>les  are  geodes  of  ciuartz,  some  of  which 

,  contain  citlcite. 

Tlie  iK^st  section  of  all  the  beds  ex- 
]K>8i.'d  iu  ii^priiig  Canon  is  obtaitietl  in 
the  collier  of  the  canon  at  the  point 

jj  miirlted  in  Fig.  2U  by  the  dotted  line  8. 
We  commence  at  tlie  top  of  the  hill, 
which  rises  ],l(XI-fe<'t  above  the  level  of 

,1  the  ci-eek.  The  first  bed  we  notice  is  a 
highly  nietiiinm-phic-lookiiig  qnartzite, 
which  emits  out  ahmg  the  sammit  of 
the  bill.  Its  gc-neml  cuJor  is  a  dull  red, 
piissiiig  in  places  into  a  dull  purple  and 

,g  again  lii'coining  light  gniy,  with  bright 

red  and  yellow  streaks.     Somo  of  them 

|i7  have  amilniostllintylijictnre.    Weesti- 

g  malcd  the  Ihickness  of  the  Itcds  at  50 

9  feet.    Next  below  these  beds  arc  quartz- 

u  ites  and  light  gray  sandstones  followed 
by  toughimenites,  in  the  lower  layers  of 
which  the  pebbles  an-  very  fine.  The 
etniglomcrates  »w  foUnwcii  by  brown 
limestones  and  stindslonea,  the  weath- 
ering of  which  gives  a  K'd  tinge  to  the 
soil.  These  beds  arc  sueireeded  by  fine, 
dark-gray  ealciireims  s;ii]ilsfoties,  whicli 
break  into  iarniiiin  ol  iVoui  two  to  four 
inches  lliii-kuess.  N.-xt  to  these  are  tlte 
eoarsi'-j!  rail  led  fossilifcrous  sandstones 
that  1  iiavf^  refem'd  to  alKive,  (layer 
>'o.  T  in  (lie  seclinn,)  coiitiiining  frag- 
m'uistyf  0.'<lir-t  iuid  <'ttmi>iiiiitrt<H.  They 
niiglit  Jilrimst  be  t-alli'd  siliceous  liiiie- 
stiiries  tVorn  the  ainimiit  of  lime  tliey 
cimtain,  liiit  tbey  are  made  up  o!' coarse 
gniiris  111'  satiil  and  nioiv  projieriy  de- 
serve tlie  uauRi  ii(  5andstoucs.    Inter- 
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laminated  with  them  are  light-brown  shale-like  sandstones,  which  are 
quite  soft  and  break  into  numerous  lamiute.  The  layers  of  this  sand- 
stone vary  in  thickness  from  a  few  inches  to  eight  teet.  Just  below 
these  beds  are  very  coarse-grained  limestones.  The  thickness  from 
the  bottom  of  these  limestones  to  the  top  of  the  light-gray  Scindstones 
mentioned  above  is  260  feet.  The  coarse  limestones  are  followed  by  line- 
drained  compact  limestones,  the  weathered  suifaces  of  which  are  white. 
These  ])ass  by  gradations  in  to  bluish  argillaceous  shales,  containing  a  large 
percentage  of  lime,  (layer  No.  11  in  the  section.)  These  shales  weather 
of  a  white  color  and  contain  the  following  fossils :  Trigonia  Americanus^ 
Pinna^  Camptonectesj  and  Modi4)la^  proving  their  Jurassic  age.  They  are 
very  tiue-graiued  and  separate)  into  lamina)  of  half  an  inch  to  two  inches 
thickness.  They  are  very  brittle  also,  and  break  readily,  the  plane  of 
cleavage  being  at  right  angles  to  the  plane  of  deposit.  The  angle  of 
dip  of  these  beds  is  20°.  The  distance  from  the  bottom  of  these  layers 
to  the  top  of  the  compact  limstone  is  100  feet.  All  the  above  beds  to 
the  conglomerates  are  probably  Jurassic,  while  those  above  are  Greta- 
ceons.  Next  below  the  limestones  are  five  feet  of  yellowish-brown 
sandstone,  followed  by  a  l)ed  of  quartzite  containing  veins  of  quartz 
and  calcite  in  geodes,  from  which  I  obtained  large  crystals  of  calcite 
of  the  variety  known  as  dog-tooth  spar.  The  lower  portion  of  this  bed, 
which  is  about  ten  feet  thick,  is  very  irregular  in  composition,  seeming 
to  have  been  deposited  in  rough  waters.  It  is  succeeded  by  four  feet 
of  very  compaet  quartzite,  which  in  turn  is  followed  by  a  pebbly  con- 
glomerate of  two  feet.  Next  comes  eight  feet  of  quartzite  succeeded 
by  alternate  beds  of  quartzite  and  limestone,  the  thickness  of  the  whole 
being  110  feet.  Next  come  30  feet  of  red  sandstones,  which  are  prob- 
ably Jurassic,  although  not  even  a  trace  of  any  fossils  can  be  found 
in  them  to  prove  it.  The  upper  layers  of  these  red  beds  contain 
lime,  the  percentage  of  which  decreases  as  we  descend.  The  angle 
of  the  dip  is  about  25^.  The  succession  of  these  beds  is  shown  in 
the  s<H5tion  given  below.  Below  the  red  beds  are  immense  beds  of 
carboniferous  limestone,  reaching  to  the  bed  of  the  creek,  a  distance  of 
433  feet.  The  upper  layers  of  this  limestone  are  arenaceous.  The 
force  that  caused  the  tipping  up  of  the  strata  in  Spring  Canon  was 
some  distance  to  the  soutli  and  was  <lying  away  at  this  end  of  the  range, 
so  that  the  older  beds  were  not  elevated  sulliciently  to  be  exposed  to 
the  action  of  the  stream  and  are  therefore  not  shown.  The  carbonifer- 
ous beds  are  crushed  together  in  a  confused  mass,  and  it  is  difficult  to  get 
at  the  true  dip.  The  creek  cutting  through  them  has  left  huge  masses 
standing  out  on  the  sides,  resembling  castles,  towers,  &c. 

The  following  section,  corresponding  with  Fig.  27,  will  perhaps  show 
the  succession  of  the  beds  more  clearly.    The  thicknesses  are  estimated. 

The  section  is  in  descending  order. 

Thickness 
iu  feet. 

1.  Rod,  pnrple»  aud  gray  raetamorpbosed  sandstones >         rg 

2.  Hmwn  liim'Stoue../. ^ 

X  Gray  sandstones 

4.  Conj^lomcrates 

5.  Brown  liiuestono  and  interlamlnato  sandstones 

C.  Gray  sandstone 

7.  J  Coars<»  calcarcons  fossiliferous  sandntone 

8.  I  With  interlaniinated  sbaly  sandstom^s 

9.  Coarse  lime8toiio 

10.  Compact  limestone 

11.  Sbaly  argilaccons  limestone 

Vi.  V»*ll6w-brown  sandstone 5 

13.  Qiiartaslt«  witli  veins  of  Ciilcite...: 10 


1/9 
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in  feet. 

14.  Compact  qnartzite « 4 

15.  CoDglumerato ••.... 2 

16.  Yellow  limestone ..••..• 3 

17.  Cberty  limestone • .•.......• •....••  15 

18.  Quartzito 5 

19.  Limestone 20 

20.  Calcareous  sandstone 4 

21.  Limestone 4 

22.  Sandstone •.... 15 

23.  Quartzite 15 

24.  Yellow  calcareous  sandstone 5 

25.  Red  sandstone 5 

26.  Purple  and  greenish  sandstone 2 

27.  Spotted  purple  sandstone *• 4 

28.  Brick-red  sandstone • 4 

29.  Purple  sandstone 3 

30.  Greenish- white  qnartzite 2 

31.  Purple  sandstone 5 

32.  Arenaceous  limestone i  ^oe 

33.  Limestone J  *^ 

Outside  of  the  qnartzite  bed,  with  which  I  have  headed  the  above  sec- 
tion, there  is  a  saccession  of  beds  of  hard  quartzites  and  coDglomerates 
followed  by  soft  saudstones  of  steel-gray  colors.  Jast  below  these  sand- 
stoues,  which  are  Cretaceous,  there  is  a  layer  of  hard,  green  shale  con- 
taining fossils.  Outside  of  them  there  occurs  a  bed  of  limestone.  All 
these  beds  curve  around  the  Spring.  Canon  layers,  to  which  they  seem 
to  be  conformable.  Above  the  Cretaceous  beds  there  is  an  immense 
thickness  of  brown  and  dark-gray  Tertiary  sandstones,  (Eocene,)  contain- 
ing beds  of  coal.  They  also  follow  the  curve  of  the  Cretaceous  beds  and 
are  seemingly  conformable  to  them.    They  extend  for  four  or  five  miles. 

About  five  miles  north  of  Spring  Canon  there  is  a  range,  the  Bridger 
Range,  the  trend  of  which  is  north  and  south.  I  shall  here  refer  only 
to  the  southern  end  and  western  side  of  this  range,  reserving  any 
further  consideration  of  it  to  a  subsequent  chapter.  Near  the  south- 
ern end  of  the  range  there  is  quite  a  high  peak  known  as  Bridger's 
Peak,  which  is  9,000  feet  above  the  sea.  The  crest  of  the  range  is  made 
up  of  Carboniferous  limestone,  dipping  southeast,  containing  Hemi- 
pro7iite8  crcncsiria^  Productus  langispinus.  Then  follows  a  succession 
of  beds  as  we  found  them  in  Spring  Caiion.  Following  these,  and  still 
dipping  southeast,  are  the  Cretaceous  beds  that  we  noticed  ontiside  of 
Spring  Canon.  In  a  layer  of  hard,  green  shales  I  found  Qryphasa^  Am- 
cula,  Finnaj  InoceramuSj  Turritella^  Craasatellaj  &c.,  proving  their  un- 
doubted Cretaceous  age.  Next  we  find  the  Tertiary  saudstones,  which 
are  unconformable  to  the  Bridger  layers.  There  is  therefore  between 
Spring  Caiion  and  the  Bridger  Bange  a  synclinal  valley  the  floor  of  which 
is  Cretaceous  filled  in  with  the  Tertiary  sandstones,  dipping  northwest, 
north,  and  northeast  at  an  average  angle  of  40°.  Many  of  these  sand- 
stones are  calcareous  and  contain  veins  of  calcite.  The  thickness  of  these 
beds  must  exceed  1,000  feet,  and  from  the  specimens  of  fossil-plants 
found  in  tliem  they  are  for  the  most  part  Eocene.  Some  of  the  ux)per 
layers  may  be  of  Miocene  age. 

Opposite  Fort  Ellis,  between  our  camp  and  Bridger  Peak,  there  are 
blutts  composed  of  Pliocene  sandstones,  marls,  and  conglomerates.  The 
strata  are  for  the  most  part  horizontal,  although  inclining  sometimes  at 
a  very  small  angle,  which  is  never  more  than  o^.  The  height  of  these 
bluffs  above  the  level  of  the  creek  is  175  feet.  Thev  are  the  remnants 
of  Pliocene  formations  that  once  spread  over  the  entire  valley  of  the 
Gallatin,  and  formed  the  bottom  of  a  vast  lake  that  spread  over  what 
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are  now  the  valleys  of  the  Jefferson,  Madison,  and  Gallatin  Rivers,  reach- 
ing  to  the  junction  of  the  three  streams.  The  bills  between  the  Gal- 
latin and  Madison,  and  between  the  Madison  and  Jefferson,  are  Plio- 
cene, remnants  of  the  same  beds,  and  when  we  ascend  the  mountains  on 
the  southern  border  of  this  old  lake-basin  the  whole  plan  lies  spread 
out  before  us.  Each  of  the  rivers  has  cut  deeply  into  these  Pliocene 
rocks,  and  their  valleys  are  the  results  of  the  erosion  that  has  taken 
place  since  the  draining  of  the  ancient  lake.  The  question  of  priority 
of  elevation  of  the  Bridger  Range,  and  that  into  which  Spring  Caiion 
is  cut,  is  one  of  some  interest.  That  there  has  been  more  than  one 
force  at  work  to  give  the  surface  its  present  configuration  is  evident. 
The  question  is,  whether  or  not  they  acted  synchronously.  The  forces 
that  elevated  the  layers  of  Spring  Canon  ard  those  of  Bridger  were, 
I  take  it,  entirely  distinct  from  each  other  and  separated  by  long  periods 
of  time.  The  Bridger  Range  was  the  first  to  be  elevated,  and  its  eleva- 
tion occurred  probably  about  the  end  of  the  Cretaceous  period,  and  be- 
fore the  beginning  of  the  Eocene,  while  the  range  running  south  from 
Spring  Caiion  was  elevated  some  time  after  the  Eocene  and  prior  to  the 
deposition  of  the  Pliocene  strata.  This  is  proved  by  the  fact  that  tiie 
Cretaceous  rocks  on  one  side  of  the  valley  are  contormable  to  the 
Bridger  Range  and  on  the  other  side  to  the  Spring  Canon  layers. 
while  the  Eocene  rocks  are  conlbrmable  only  to  the  latter,  and  the  Plio- 
cene rocks  have  been  affected  by  neither  range.  I  believe  also  that  the 
elevation   of  the  Fig.  "^a. 

Bridger  Range  was 
the  more  gradual  of 
the  two.  The  eleva- 
tion of  the  Spring 
Caiion  layers  was  due 
to  volcanic  action, 
the  center  of  which 
lies  to  the  south. 
There  have  been  sev- 
eral i)eriods  of  erup- 
tion, for  in  the  valley  a,  Bridptr  Ptak;  b,  suiinu 

of      the     Yellowstone  Jura-aic ;  F,  Carbonito 

River  we  find  Pliocene  sandstones  and  marl  capped  by  basaltic  ])lateaus, 
while  at  Fort  Ellis  there  is  nothing  of  the  kind,  and  we  will  see  in  a  sub- 
sequent chapter  that,  some  distance  farther  south,  we  find  Eocene  beds 
lifted  high  up  on  the  mountains.  The  section  shown  in  Fig.  27a  will 
give  the  relations  of  the  beds  between  Spring  Caiion  and  Bridger  Peak. 
£  have  referred  above  to  the  occurrence  of  coal  near  Fort  Ellis.  The 
only  rocks  in  which  1  noticed  it  were  those  of  Eocene  age.  At  only 
one  point  has  there  ever  been  any  mining  attempted.  This  one  point 
is  east  of  Spring  Caiion,  about  four  miles  southeast  of  Fort  Ellis.  Coal 
was  discovered  here  in  1807  by  two  blacksmiths,  of  Bozeman.  Colonel 
J.  D.  Chestnut,  hearing  of  the  discovery,  offered  to  furnish  provisions 
to  get  men  to  work  into  the  bed,  if  they  would  give  him  a  share.  This 
they  did,  and  afterward  left  him  sole  owner  of  the  (tlaim,  which  in- 
cludes one  hundred  and  sixty  acres.  Fig.  28  is  a  section  of  the  coal 
bed,  C  showing  the  opening  into  it.  The  shaft  penetrates  the  bed  in 
a  horizontal  direction,  and  has  reached  a  depth  of  250  feet  from  the 
entrance.  The  width  of  the  shaft  is  14  foet  at  the  widest  part.  Tbo 
bed  of  coal  is  considerably  wider,  and  dips  norMi  50^  east;  angle,  80^. 
On  each  side  of  the  coal  there  are  beds  of  bluish  argillaceous  sand* 

80s 
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CufloD:  C.  Tertiary;  D,  Crotacoous;  E, 
rou«i;  G,  Drift;  H,' Tertiary  hills. 
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stones,  wfalch  are  followed  by  coftne,  gra^  saodstoDM.  When  tbe  bed  wu 
first  opened  tbere  were  several  aeams  of  day  in  it^  but  as  the  abaft  pene- 
trated deeper  tliey  g^daally  tlunned  ont,  and  at  pieaeot  there  is  onlr 


Fig.  38. 


one  in  the  center  of  the  coal, 
bavlng  a  thickness  of  about 
twelve  inches.    The  coal  is  a 
lignit^  and  is  well  adapted 
for    blacksmiths'    pnrposes. 
It  is  naed,  I  believe,  by  black- 
smiths of  Bozeman,  who  like 
it  very  mnch.    Some  of  the 
coal  was  taken  to  Helena, 
and  is  said  to  have  yielded 
five  cubic  feet  of  gias  to  the 
pound.     As  tbe  shaft  goes 
1  deepertbequality  of  thecoal 
I  seems  to   improve.     Up  to 
(  the  present  time  there  has 
I  been  bat  little  demand  for 
^    "  coal.     One  reason  of   this, 
■,  Coil;  A  BiiHB or ctai I  c,  opraiDg    perhaps,  is  the  abnndanoe  of 
taio  BMiL  timber    in    the    moantains 

near  Bozeman,  and  another  reason,  perhaps,  is  that  hitherto  there 
luive  been  few  facilities  for  transportation,  tbe  road  throngh  Spring 
Caijon  having  only  lately  been  completed.  There  is  but  little  doabt, 
however,  that  ultimately  this  coal  wilt  be  extensively  used.  When  the 
Northern  Pacific  Uailroad  is  built  through  this  region  tbe  atility  of  the 
coal-beds  near  Fort  Ellis  will  become  more  and  more  apparent. 

I  have  made  the  following  analysis  of  the  coal.  Jio.  1  is  a  poor  speci- 
men, No.  2  medium,  and  No.  3  the  best.  The  coal  is  black,  (brown  in 
powder,)  liaa  a  high  luster,  irregular  fracture,  speoiflc  gravity.  The 
coke  ia  niodenitely  goo4^,  und  has  a  high  luster: 

Anatgiii  A'o.  L 

Water 6.00 

Vulatiluiuattnii 32.90 

Coke ,  44.10 

Aoh 17.00 


Wulor 3.00 

Vulntilv  iimtU'rs 41.  M 

Coko 43.50 

■Asli 12,00 


100.00 
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For  purposes  of  comparison  I  iusert  here  analyses  of  coal  from  Utah : 

AKaljf8i8  of  coal  from  Evanston,  Utahy  (mine  of  the  Rocky  Mountain  Coal  and  Iron  Com- 
pany,) 

Per  cent. 

Water 7.00 

Volatile  matters 42.00 

CarboD 15.00 

Aih,(reddi9h) G.OO 


100.00 


Average  of  three  analyses  of  coal  from  Evanaton,  UfaJi,  hy  Persifor  Fraser,  jr,j  and  F. 
Plattf  esq.j  (  United  States  Geological  Survey  of  Wyoming^  1^0,  page  IS4.) 

Per  cent. 

Water 5.83 

Volatile  dubstances 37.40 

Ash 7.46 

Fixed  carbon 49.50 

100. 19 


The  following  is  an  analysis  of  coal  from  the  mine  of  Buel  &  Bate- 
man,  at  Coalville,  Utah  Territory.  This  was  formerly  called  Sprigg's 
mine: 

Analysie, 

Per  cent. 

Water C.50 

Volatile  substaoces 41. 70 

Carbon 44.80 

Ash 7.00 


100.00 


Andlyeit  of  specimen  ^  from  the  same  mtw«,  hy  Persifor  Fraser,  jr.  j  (United  States  Geological 

Survey  of  Wyoming^  page  183.) 

Per  cent 

Water  and  volatile  substances 50. 80 

Ash 3.60 

Fixed  carbon 45. 60 

100.00 


About  a  mile  or  two  sonth  of  Spring  Canon  I  visited  a  second  caiion 
which  another  branch  of  the  Gallatin  has  cut  in  the  range.  The  gen- 
eral direction  of  the  stream  in  this  caiion  is  north  75°  east.  The  expos- 
ure of  the  Upper  Cretaceous  beds  is  perhaps  better  here  than  in  Spring 
Caiion.  The  first  exposure  is  a  bed  of  white  crystalline  limestone,  dip- 
ping south  5(P  west:  angle,  50°.  This  limestone  is  followed  by  red  and 
yellow  sandstones,  which  are  themselves  succeeded  by  a  bed  of  brown 
limestone,  weathering  bright  yellow.  These  occupy  between  one  and 
two  hundred  feet.  Then  follow  the  soft,  gray  sandstones  that  I  noticed 
near  Spring  Canon  and  Bridger  Peak.  They  continue  for  about  half  a 
mile,  when  we  come  to  Jurassic  rocks,  the  first  bed  of  which  we  recog- 
nize as  one  of  the  Spring  Caiion  layers.  It  dips  south  40o  west;  angle, 
85"^.  It  is  followed  by  the  same  beds  we  saw  in  Spring  Canon.  They 
are  in  fact  only  a  continuation  of  the  same.    The  Carboniferous  lime- 
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HtoDes  form  the  ceuter  of  the  ridge^  the  oater  layers  on  either  side  dip- 
])iug  iu  oi)po8ite  directions,  on  the  eastern  side  dipping  northeast  and 
tliose  on  the  western  side  southwest.  The  general  strike  is  soath  30^ 
east.  The  exposures  in  the  canon  were  very  fine,  but  I  found  nothing 
dilt'eriug  from  what  I  have  described  in  Spring  Canon. 

Oil  the  13th  of  July  I  started  on  a  trip  to  Mystic  Lake,  about  twelve 
miles  nearly  south  from  Fort  Ellis.  After  a  pleasant  ride  over  the 
glassy  plain  that  slopes  gently  from  the  mountain's  edge  we  began  to 
ascend  and  soon  found  ourselves  entangled  in  a  mass  of  dead  and 
fallen  timber.  After  considerable  trouble  we  reached  the  summit  of  the 
hill  to  find  that  wo  had  to  descend  again  on  the  opposite  side.  The  hills 
are  so  covered  with  vegetation  and  ddyris  that  the  character  of  its  rocks 
cannot  be  made  out  certainly.  High  up  on  the  sides,  however,  there 
are  small  exposures  of  limestones  and  sandstones,  and  it  is  probable  that 
the  valley  is  underlaid  by  Cretaceous  formations.  What  their  exact 
relation  is  to  the  ridge  running  south  from  Spring  Caiion  it  is  rather 
difficult  to  determine,  though  it  is  probable  that  the  trail  runs  through 
a  synclinal  valley  on  one  side  of  which  lies  the  Spring  Caiion  Ridge. 

The  trail  leads  us  now  through  pine-forests  and  anon  across  beautiful 
little  valleys,  each  a  garden  of  wild  flowers.  At  last,  after  crossing 
several  ridges,  we  reach  the  lake.  Mystic  Lake  is^he  head  of  Bosemau 
Creek,  one  of  the  branches  of  the  East  Gallatin  River.  Neiir  it,  on  a 
level  fully  one  hundred  feet  higher,  are  two  exquisitely  beautiful  lakes, 
whose  beauty  is  half  hid  by  the  trees  fringing  their  banks.  One  of  them 
we  named  Emerald  Lake,  from  the  deep-green  tint  of  its  waters. 

The  valley  in  which  these  lakes  are  situated  is  synclinal,  one  side  being 
the  continuation  of  the  Spring  Caiion  Ridge  and  the  other  a  spur  run- 
ning south  from  Mount  Ellis.  Opposite  the  lake,  to  the  southeast,  there 
is  a  volcanic  range,  at  the  base  of  which  we  find  the  Spring  Canon 
layers,  having  a  general  dip  to  the  southwest.  The  other  side  of  the 
synclinal  cuts  obliquely  across  the  lower  end  of  Mystic  Lake,  the  strata 
dii)ping  north  4(P  east;  angle,  50O-60o.  At  present  the  lake  is  about 
three-fourths  of  a  mile  in  length  and  about  one-fourth  of  a  mile  wide.  It 
once  extended  farther  up  the  valley  and  lay  in  a  saucer-like  depression. 
From  the  gradual  elevation  of  the  valley  or  some  other  cause,  as  the 
draining  of  the  lake  by  the  erosion  caused  by  its  outlet,  at  present  it 
occui)ies  the  lower  end  of  the  valley,  lying  on  the  edges  of  the  Cretace- 
ous, Jurassic,  and  Carbonilerous  strata. 

The  course  of  the  stream  of  which  Mystic  Lake  is  an  expansion  is 
about  south  20°  west,  making  an  angle  of  about  6(>o  with  the  strike  of 
the  strata.  On  the  western  shore  of  the  lake  there  are  exposures  of 
Jurassic  sandstones  and  limestones  precisely  like  those  of  Spring  Caiion, 
and  in  which  occur  Ostrea  and  Gamptonectes.  Below  the  Jurassic  C/Ome 
immense  beds  of  quartzites  and  limestones,  the  upper  layers  of  which  are 
undoubtedly  Carboniferous,  containing  Productwt  longispinnpj  JSpiri/er 
lin^ata^  Jlemipronites  croivstria,  Productvs  scahriculuft^  Zaplirentis,  &c. 
The  thickness  of  these  beds  isover2,0(K)  feet,  and  the  lower  strata  should 
probably  be  referred  to  a  lower  geological  horizon  than  the  Carboniferous. 
As  we  go  soutl)  the  strata  turn  more  and  more  toward  the  west.  As 
we  go  toward  the  north  we  find  Mount  Ellis,  the  extreme  northern  end 
of  tiio  spur  or  ridge.  The  elevation  of  Mount  Ellis  is  8,410  feet  above 
the  sea.  it  is  composed  mainly  of  Carboniferous  limestones,  while  to 
the  west  and  at  the  base  are  gneissic  rocks.  The  elevation  of  this  ridge 
was  probably  contemporaneous  with  that  of  the  Bridger  Range,  as  its 
formation  seems  to  be  similar.  As  we  follow  the  ridge  south wai-d  it 
curves  until  the  trend  is  almost  east  and  west.    It  i)robably  once  lormed 
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a  i>ortion  of  tbe  soatbem  shore  of  the  ancient  lake,  as  the  Brid^er  Range 
did  part  of  the  eastern  shore,  while  Moant  Ellis  and  Bridger  Peak  may 
have  been  promontories  projecting  into  it.  The  action  of  volcanic 
forces  within  a  very  short  distance,  however,  has  complicated  matters 
to  such  an  extent  that  any  opinion  must  be  conjectural,  and  future 
careful  study  will  be  required  to  prove  or  disprove.  The  elevation  of 
the  lake  above  sea-level  is  6,468  feet^  which  is  1,533  feet  higher  than  the 
elevation  of  our  camp  at  Fort  Ellis.  The  synclinal  valley,  which  I 
referred  to  above,  has  no  later  rocks  than  the  Cretaceous.  Why  there 
should  be  no  Tertiary  beds  here  is  perhaps  a  little  difiicult  to  understand. 
That  there  have  never  been  any  is  evident,  or  there  would  be  some 
remnant  or  txace  of  them  left.  Erosion  could  scarcely  have  removed 
all  withoat  some  trace  being  left.  Moreover,  this  is  not  a  valley  caused 
by  erosion.  Perhaps  the  elevation  of  this  point,  which  may  have  been 
greater  in  the  past,  precluded  the  possibility  of  the  Tertiary  beds  reach- 
ing this  point. 

Bozeman  Creek,  leaving  Mystic  Lake,  flows  at  first  a  little  west  of 
south,  and  turning  flows  more  toward  the  west,  until  finally  it  flows  in 
a  northwesterly  direction.  At  first  it  cuts  its  way  in  a  deep  gorge 
almost  at  right  angles  to  the  strata,  over  which  it  rushes  in  a  series  of 
cascades  hsdf  hidden  by  the  overhanging  vines  and  brush.  Within  a 
quarter  of  a  mile  it  falls  about  five  hundred  feet.  Just  below  the  lake 
it  is  joined  by  a  stream  coming  in  from  the  left.  It  heads  at  the  base 
of  the  volcanic  range,  which  lies  to  the  east  of  Mystic  Lake.  Following 
the  course  of  this  creek  there  is  a  bed  of  volcanic  breccia  which  has 
flowed  from  the  head  of  the  valley.  It  is  composed  of  sharp  angular 
fragments  of  basalt,  varying  in  size  from  three  inches  to  a  foot.  The 
prevailing  colors  are  black  and  a  brick  red.  The  cementing  material  of 
this  breccia  seems  to  contain  fragments  of  sandstone  like  those  seen  in 
the  Eocene  beds.  The  belt  covered  by  this  bed  of  breccia  is  not  over  a 
quarter  of  a  mile  in  width. 

The  minerals  I  obtained  while  at  Fort  Ellis  are  as  follows,  viz:  rhomb- 
spar,  dog-tooth  spar,  quartz,  agate,  red  and  yellow  jasper,  and  coal. 

We  left  Fort  Ellis  on  the  20th  of  July  and  started  for  the  valley  of 
the  Yellowstone.  For  about  three  miles  our  course  was  in  an  easterly 
direction,  when  we  turned  toward  the  southeast  and  followed  one  of  the 
branches  of  Mill  Creek,  the  stream  that  flows  through  Spring  Canon. 
Our  road  led  us  over  Tertiary  sandstones.  Camp  >i'o.  2  was  in  a  mono- 
clinal  valley,  near  the  head  of  Mill  Creek.  Tbe  hills  on  the  east  side 
of  the  valley  were  Tertiary,  while  those  on  the  west,  dipping  in  the  same 
direction,  were  Cretaceous.  The  former  were  about  400  feet  high  and 
composed  of  sandstones,  the  texture  of  which  varied,  some  of  the  layers 
being  <|uite  soft,  while  others  were  very  hard,  seeming  to  have  been  met- 
amorphosed. Many  of  them  contained  impressions  of  deciduous  leaves, 
which  Professor  Lesquereux  has  determined  to  be  Eocene.  Among 
them  he  found  Platanus  aceroides^  Fa^us  antipojij  Saluburia  polymorpha^ 
Juglans  denticulata^  and  Gt/mtwgranima  IlaydcniL  He  says,  "  The  most 
interesting  discovery  is  that  of  Salisburia  poUjmorpha^  described  from 
Evan's  specimens  of  Vancouvers  Island,  a  long  time  ago."  This  would 
indicate  a  correspondence  in  the  Tertiary  flora  of  the  Pacific  coast,  and 
that  on  the  east  side  of  the  Rocky  Mountain  divide  as  at  present  consti- 
tuted, and  thus  points  to  the  modern  elevation  of  the  range.  Mr.  ^Meek 
liuds  also  a  correspondence  in  the  Cretaceous  shells  of  the  two  localities 
referred  to,  and  says  also  that  they  do  not  correspond  to  the  forms  fouml 
farther  east,  which  would  leiul  us  to  suppose  that  at  the  period  of  tluir 
dei>ositiou  the  divide  of  the  Kocky  Mountain  must  have  been  more  to  the 
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eastward  of  the  present  divide.  One  of  the  layers  contaiDing  the  best  fos- 
sils showed  a  plane  of  cleavage  that  was  obliqae  to  the  plane  of  deposit, 
rendering  it  extremely  difiicult  to  get  perfect  specimens.  The  color  ot 
these  sandstones  was  mostly  a  gray^  passing  in  places  into  a  greenish  tint. 
Intercalated  with  them  were  some  beds  of  basalt,  which  was  probably 
the  cause  of  the  metamorphism  observed.  In  climbing  over  these  hills 
I  found  numerous  indications  of  coal-beds,  one  of  which  was  just  above 
our  camp.  There  was  no  outcrop  visible,  but  a  prairie-dog  in  burrowing 
had  penetrated  the  bed,  and  revealed  its  presence  by  the  coal  he  had  dug 
out.  On  the  21st  I  visited  the  hills  west  of  camp.  The  first  ridge  was  41(> 
feet  above  the  level  of  the  creek,  and  composed  of  gray  and  green  sand- 
stones contain  ing  Inoceramus  and  other  Cretaceous  fossils.  The  dip  of 
these  strata  is  60°  northeast ;  angle  of  inclination,  65^.  The  layers  be- 
tween this  ridge  and  the  Eocene  on  the  opposite  side  of  the  valley,  having 
been  soft  sandstones,  have  been  washed  away  to  form  the  bed  of  the 
stream.  From  this  first  ridge  I  ascended  to  the  next,  still  higher,  but 
parallel  to  the  first.  The  first  strata  were  light-gray  sandstone^  very 
much  metamorphosed.  These  beds,  which  I  take  to  be  of  Cretaceous 
age,  continued  for  about  half  a  mile,  and  were  followed  by  50  feet  of 
coarse,  reddish  sandstones,  the  lower  layers  of  which  were  conglomerate. 
Next  came  a  layer  of  very  hard  sandstone  containing  fragments  of 
fossils.  This  was  about  10  feet  in  thickness,  and  is  followed  by  30  feet 
of  white  quartzite.  The  summit  of  this  ridge  is  818  feet  iabove  the 
valley  and  402  feet  above  the  top  of  the  first  ridge.  I  followed  it  until 
the  timber  obstructed  my  passage,  iind  I  returned  to  the  valley.  These 
beds  are  a  continuation  of  those  exposed  at  Spring  Canon,  and  are 
underlaid  by  the  Jurassic  and  Carboniferous.  Our  course  on  the  21st 
was  up  the  valley  to  its  head,  when  we  crossed  the  divide  to  Trail  Creek, 
a  tributary  of  the  Yellowstone  River,  which  we  followed  and  camped  in 
the  valley  of  the  Yellowstone.  This  divide  is  5,821  feet  above  the  sea. 
The  strata  here  have  been  so  leveled  and  covered  with  debris  and  vege- 
tation that  it  becomes  very  difiicult  to  trace  the  various  beds.  It  is 
probable,  however,  that  they  curve  toward  the  east  and  cross  the  valley-, 
for  a  few  miles  after  lejiving  the  divide  there  is  on  the  left-hand  side  of 
the  road  an  exposure  of  Carboniferous  limestones  dipping  a  little  east 
of  north.  On  the  right  hand,  a  few  miles  to  the  south  and  west,  there 
are  numerous  volcanic  peaks,  their  sharp,  jagged  edges  standing  out 
boldly  against  the  sky.  As  we  neared  the  valley  of  the  Yellowstone, 
we  came  to  a  bed  of  volcanic  breccia,  resembling  that  at  Mystic  Lake 
and  originating  evidently  in  the  same  center  of  eruption.  Trail  Creek 
has  cut  through  this  breccia,  leaving  a  high  butte  st^tnding  on  the  left 
bank  of  the  creek  a  few  miles  from  its  mouth.  The  top  of  this  butte 
seems  to  be  composed  of  compact  rock.  A  few  miles  from  the  divide 
on  Trail  Creek  there  are  coal-beds,  none  of  which,  however,  have  ever 
been  mined. 

Camp  No.  3  was  in  the  Yellowstone  Valley,  on  Eight-Mile  Creek,  a 
few  miles  from  its  junction  with  the  river.  The  valley  of  the  Yellow- 
stone is  tilled  with  Pliocene  deposits  of  about  150  feet  thickness,  on  top 
of  which  there  are  horizontal  beds  of  basalt,  which  once  probably  ex- 
tended over  the  whole  valley,  forming  an  immense  i)lateau  through 
which  the  river  has  cut  its  bed,  removing  immense  quantities  of  ma- 
terial. The  basalt  is  covered  with  local  drift  from  the  mountains.  The 
foot-hills  on  the  western  side  of  the  valley  are  composed  of  volcanic 
breccia.  There  has  evidently  been  more  than  one  period  of  eruption, 
lor  farther  up  the  valley  there  are  several  layers  of  basalt,  between 
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which  tbere  are  Plioceoe  saodstonea.    The  columnar  form  is  beaatiAilly 
shown  iit  many  places  thi'oiigfaout  the  valley. 

ProiD  Camp  No.  3  £  ascended  the  foot-hills  which  lie  to  the  west, 
bordering  the  Yellowstoue  Valley.  These  hills  rise  about  3,01)0  feet  above 
the  level  of  the  river.  Proceedingthree  miles  from  the  tirer  we  reached 
the  base  of  the  hills  and  found  the  lower  ones  composed  almost  entirely 
of  breccia,  while  farther  hack  we  find  laminated  trachytes,  which  are  iu- 
clined  at  an  angle  of  about  Hi%  as  though  the  lava  hud  beeu  ponred 
tbrth  in  successive  layers  and,  after  cooling,  had  been  tipped  up  by  sub- 
sequent volcanic  action.  It  is  probable  that  under  this  volcaiiio  mass 
ve  would  find  all  the  sediuientary  rocks,  from  the  (Jretaceous  to  the 
Carboniferous  or  even  loner.  A  few  miles  from  the  river,  where  the 
small  streams  have  cut  decjily  into  the  hdls,  we  find  rocks  continuing 
Gretacfous  fossils.  FHrtliw  up,  however,  the  volcanic  rocks  conceal  all 
the  underlying  formntious. 

Onr  next  camp.  No.  4,  was  some  eight  or  ten  miles  farther  up  the 
valley,  on  a  basaltic  plateau  near  Bottler's  ranch.  The  general  eleva- 
tion of  this  plateau  above  the  river  is  between  100  and  liOO  feet.  Near 
Bottler's  thero  are  several  good  exhibitions  of  basaltic  columns,  and  on 
the  opposite  side  of  the  river  the  underlying  marls  and  white  sand- 
stones. A  few  miles  west  of  Bottler's  we  find  ourselves  in  the  midst  of 
volcanic  rocks  of  all  kinds  and  colors,  basalts  predominating.  The  pre- 
vailing color  of  these  rocks  is  a  brick-red  and  dull  purple.  Scattered 
over  the  hills,  as  well  us  throughout  the  entire  valley  of  the  Yellow- 
Rtoue,  we  find  cliip^  ot  black  obsidian,  chalcedony,  agate,  and  Jiis|>er. 
I   got    some    very  * 

good  specimens  of  ^^'  '^' 

red  jasper  associ- 
nted  with  blue  chal- 
mlony,  and  also 
8|>ecimeus  of  oliv- 
ine from  the  basalt. 

We  left  Bottlei'-s 
on  the  24th,  and 
started  up  the  val- 
ley, camping  in  the 
afternoon  (Camp 
No.  5)  on  Canon 
Creek,  eleven  miles 
above  Bottler's. 
Cation  Creek  joins 
the  Yellowstone 
just  after  the  latter 
has  emerged  from 
the  second  canon. 
(Fig.29.)  Therocks 
of  the  second  canon 
are  oil  goeissic,  and 
as  I  described  them 
in  the  report  for 
1871,  I  will  pass 
them  here.  Be- 
tween Bottler's  and 
the  second  canon 
the  trail  leads  as  along  the  western  side  of  the  Yellowstone,  being  part 
of  the  way  at  a  considerable  height  above  the  river  on  blufits  of  volcr* 
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breccia.  The  prevailing  color  of  this  breccia  is  a  gray,  bat  the  indoded 
masses  have  an  almost  infinite  variety  of  color,  green,  purple,  and  red 
masses  being  abundant. 

On  the  24th  of  July,  in  company  with  Messrs.  Wakefield  and  Savage 
of  the  expedition,  I  started  up  Gallon  Creek  from  camp  No.  5  with  the 
intention  of  crossing  the  hills  west  of  the  second  caOon  and  striking 
the  Yellowstone  River  near  Cinnabar  Mountain,  where  the  party  ex- 
pected to  camp.  The  valley  of  Canon  Cre^k  is  quite  wide  and  well 
watered,  there  being  several  small  lakes  bordering  it.  We  followed  the 
course  of  the  stream  but  a  short  distance,  when  we  struck  up  on  the 
hills.  The  volcanic  rocks  here  seem  to  be  in  contact  with  the  gneisses. 
Scattered  among  the  volcanic  rocks  I  found  silicified  wood  in  abundance. 
After  a  long  and  arduous  climb  over  the  lower  hills  we  reached  a  long 
ri<lge  of  volcanic  breccia,  which  seemed  to  be  a  spur  of  the  main  ridge, 
and  to  the  smnmit  of  which  it  led.  It  projected  from  it  at  a  right  angle. 
So  following  it  up  we  at  last  gained  the  top,  and  found  ourselves  on  the 
edge  of  a  precipice,  which  formed  a  portion  of  the  opposite  side  of  the 
ridge.  Looking  over  the  precipice  we  saw  we  were  on  the  top  of  a 
blank  vertical  wall  of  over  2,000  feet  in  height.  The  elevation  of  the 
mountain  we  were  on  was  9,478  feet  above  sea-level  and  4,377  feet  above 
the  camp  (No.  5)  we  had  just  left.  The  view  from  the  summit,  how- 
ever, repaid  us  well  for  our  toilsome  climb.  To  the  south  and  west  the 
entire  country  seemed  to  have  been  subjected  to  the  most  intense  vol- 
canic action,  followed  by  an  immense  amount  of  erosion.  Somber- 
colored  ridges,  with  sharp,  piercing  peaks  and  conical  crater-like  points, 
with  deep  gorges  between,  testify  to  the  former  disturbances.  All  about 
us  were  deep  banks  of  snow.  In  order  to  descend  we  were  obliged  to 
follow  the  ridge  toward  the  north  until  we  came  to  a  spur  projecting  at 
right  angles  from  it.  This  spur  sloped  gnuiually  to  the  valley  of  Cin- 
nabar Creek,  a  small  stream  tributary  to  the  Yellowstone  River.  We 
descended  on  this  spur  to  Cinnabar  Creek,  and  then  followed  it  around 
Cinnabar  Mountain,  reaching  camp  at  night-fall.  Cinnabar  Mountain 
shows  a  patch  of  the  sedimentary  rocks  that  everywhere  else  near  here 
seemed  either  to  have  been  covered  by  the  outflow  of  lava  or  to  have 
been  washed  away.  It  is  probable  that  both  causes  have  oi)erated. 
The  northern  portion  of  the  mountain  is  made  up  of  gi^anitic  rocks,  a 
continiuition  of  those  seen  in  the  second  caiion.  Upon  these  rocks  rest 
quartzites,  followed  by  limestones,  the  upper  layers  of  whi(;h  are  un- 
doubtedly Carboniferous.  The  limestones  are  followed  by  (luartzites 
again.  One  ridge  of  this  quartzite  forms  the  northern  wall  of  the 
Devil's  Slide,  while  the  southern  wall  is  formed  of  a  dike  of  dark-green 
porphyritic  rock.  This  dike  probably  separates  the  Carboniferous  from 
the  Jurassic.  Between  these  two  almost  vertical  walls  the  softer  ma- 
terial has  been  washed  out.  Adhering  to  thedike  are  pieces  of  a  blue-clay 
slate,  and  following  it  we  find  Jurassic  beds  of  slates  and  limestones  con- 
tain in  giiryav?e?te««u6cowi/>re»«a,  Pholadomya^  and  Camptotiectes.  Nextcoine 
Cretaceous  beds,  in  which  there  are  indications  of  c;oal,  and  containing 
Si'aphifeSj  Ventricosa,  BaciiUteSj  Ostrea^  ItKHieraimiH,  and  Trigonia,  All  the 
beds  I  have  mentioned  above  have  a  dip  to  the  southwest  and  an  incli- 
tion  of  from  5iP  to  80^.  About  a  half  mile  above  the  DeviPs  Slide  we 
liiul  that  the  bods  seem  very  much  crushed  together,  and  within  a  very 
short  distance  dip  southwest,  and  are  horizontal  and  dii)piug  northeast. 
A  visit  to  one  of  the  high  peaks  in  the  neighborhood  gave  us  a  clew  to 
I  his  curious  contortion  of  the  strata. 

On  the  morning  of  the  26th  of  July  Messrs.  Gannett,  Brown,  and 
aiyself  started  to  make  the  ascent  of  the  peak,  which  lay  to  the  south- 
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west  of  camp.    Our  way  vas  up  a  long  rid^,  which  seemed  to  ns 

lead  to  the  summit  of  the  peak.    The  rocks  iuimeiliiitely  beneath 

were  Cretaceous  saudstoues.    Oiireacliiii^tbo  ^ 

timber-line  (9,44ii   Feet   above   sea-level)   we  -^ 

iband  we  woald  have  to  flaish  the  ascent  on  £ 

foot,  as  the  Hlope  became  too  steep  for  the  s- 

horses.    So  dismoautiug  we  picketed  them,  I- 

ikDd  started  for  the  summit.    The  sandstoues  ^ 

over  which  we  piissed  reach  within  5(W  feet  of  g- 

the  top,  dipping  to  the  northwest.    The  sum-  ■ 

mit  of  the  [ie»k  seemed  to  be  made  ap  of  an  ^ 

immense  pile  of  broken  up  volcanic  rock,  (a  u 

raBty-gra,v  trachyte.)     When  we  were  within  |_ 

about  500  feet  of  the  top  a  storm  came  up,  and  -? 

we  were  enveloped  in  clouds.    The  a«cent  here  n 

was  very  difficult,  as  the  fragments  of  rock  Q 

were  very  sharp,  and  most  of  them  loose,  slid-  f 

ing  from  beneath  us  at;  we  climbed  over  them.  | 

Mr.  Gannett  succeeded  iuattatuingthehighest  .■ 

point  and  depositing  his  instruments,  when  he  a  ^ 

discovered  that  he  was  in  the  midst  of  an  etec-  a  g 

trical  cloud,  and  his  feelings  not  being  of  the  g- '' 

mostagreeablesortheretreated.  Astaeneared  s.  ^ 

us  we  observed  that  his  hair  was  standing  on  |  ^ 

end,  as  though  he  were  on  an  electrical  stool,  I  I 

and  we  conld  hear  a  series  of  snapping  sounds,  '^  ^ 

as  though  he  were  receiving  the  chargeB  of  a  "k.  I 

uumberol' electrical  frictioual  mitchines.    Mr.  ?f  z 

Brown  next  tried  to  gonp.bntreceivedashock  ^1,  'i 

which  deterred  him.    The  cloud  now  began  to  ir  ' 

settle  about  us,  and  we  descended  some  500  f^  ^ 

feet,  and  waited  until  the  storm  passed  over.  $  ^ 

Aboat  4  o'clock  in  the  atternoon  we  succeeded  I  i 

in  reaching  the  top,  and  Mr.  Gannett  found  the  %  '' 

altitude  of  the  peak  to  be  10,90:i  feet  above  the  t.  \ 

sea.    We  named  it  Electric  Peak,    The  eastern  f  S 

side  is  hollowed,  and  from  the  base  two  small  -  ± 

creeks  flow  to  join  the  Yellowstone.     Between  n  " 

the  i>eak  and  the  Hot  Springs,  on  Gardiner's  •" 

Eiver,thereuiust  have  been  acenterof  volcanic  ^ 

action,  for  the  sedimentary  beds  opposite  the  % 

springs  dip  in  the  opposite  direction  to  that  of  "s 

the  beds  on  the  western  side  of  Electric  Peak,  ^ 

iind  the  si>ace  between  is  filled  with  volcanic  ^ 

material,   from  which   a  cono-like  mountain  £, 

uses.    This  will  also  explain  the  crushing  to-  % 

petber  of  the  strata  uliove  the  Devil's  Slide,  g" 

Descending  the  peak  after  completing  our  oh-  f" 

servatioDS  wer  reached  our  horses  about  6  m 

o'clock  in  the  evening,  and  soon  were  on  the  ^ 

way  toward  camp,  with,  however,  but  little  V: 

hopeofreachingitthatnight,asthemain  party  \ 

liad  started  up  the  river  in  the  morning  after  | 

wc  leftxamp.    After  dark  we  ciimped  on  the  | 

banks  of  Cache  Creek,  some  milf^  from  the  " 

valley  of  the  rellowstoue.     The  next  day  about  noon  we  reachw 
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camp  at  the  Hot  Spring  on  Oardiuer's  Biver.  Opposite  the  springs 
there  is  a  high  wall,  which  presents  the  edge  of  Oretaceons  and  Lower 
Tertiary  strata  tor  a  vertical  distance  of  nearly  2,000  feet.  The  river 
has  cut  its  way  through  a  sort  of  a  monoolinal  valleyy  resting  on 
either  Carboniferous  or  Jurassic  beds,  while  on  the  east  side  of  the 
river  we  have  the  Oretaceons  beds  1  spoke  of  above.  The  lower  layers 
are  very  calcareous,  and  contain  thin  beds  of  limestone,  from  which  I 
obtained  good  specimens  of  cillcite  and  Iceland  or  donble-iefiraeting 
spar.  Near  the  forks  of  the  river,  about  half  a  mile  above  tike  springs, 
we  have  exposures  of  lower  beds,  in  which  there  are  seams  of  earthy 
lignite,  associated  with  which  I  observed  selenite,  coating  some  of  the 
argillaceous  sandstones.  There  is  an  exposure  of  this  earthy  lignite 
some  four  miles  farther  down  the  river,  a  continuation  probably  of 
the  same  beds.  Near  the  top  of  the  wall  there  are  Tertiary  beds  inter- 
calated with  basalt.  The  topmost  layer  of  the  latter  stretches  away  to 
the  east  in  a  broad  plateau,  and  on  the  edge  the  columnar  form  is 
well  shown.  It  probably  once  extended  on  both  sides  of  the  river,  and 
came  from  a  point  west  of  the  springs.  All  the  beds  mentioned  above 
dip  to  the  northeast  at  an  angle  which  averages  about  15^.  The 
limestones  which  dip  under  Ganliuer^s  Biver  extend  under  the  Hot 
Si)riDgs,  and  are  probably  the  source  of  the  lime  observed  in  the  waters 
and  deposits.  The  section  shown  in  Fig.  30  will  perhaps  show  more 
clearly  tlie  relations  of  the  various  beds  near  the  Hot  Springs.  The 
springs  were  so  fully  described  in  the  report  of  last  year  (1871)  tlwt  I  will 
not  take  the  room  to  describe  them  again,  inasmuch  as  it  would  be  a  mere 
repetition.  We  S|)ent  two  days  in  camp  there  this  year,  during  which 
time  I  made  a  more  complete  record  of  the  springs  nnd  their  tempera- 
tures and  noted  the  changes  that  have  taken  place  since  our  last  visit. 
Since  then  there  have  been  a  numberof  cabins  and  bathhouses  erected, 
and  notwithstanding  the  difficulties  of  reaching  the  springs  there  were 
about  thirty  pei*sons  there  enjoying  the  benefits  to  be  derived  from 
drinking  and  bathing  in  the  waters. 

The  top  of  the  gorge  in  which  the  springs  are  situated  is  1,285  feet 
above  the  level  of  the  river.  I  will  commence  with  the  springs  at  the 
level  of  the  river.  These  are  seven  in  number,  and  remain  about  the 
same  as  they  were  last  year,  with  the  exception  that  some  of  them  have 
been  artilicially  enlarged.  The  temperatures  here  are  lower  than  we 
find  higher  up,  and  the  springs  are  tilled  with  brigh^green  Confer- 
voifUa.  The  following  table  gives  all  the  points  of  interest  in  regard 
to  these  springs : 

Springn  ai  ike  level  of  the  river, 
Timo  of  obscrvntion,  e.30-6.-10  a.  m.,  July  S9, 1873.— There  xvas  no  percoptiblo  gas  gilven  off. 


Ne. 

Size  of  spring. 

Depth. 

1 
2 
3 

Inches, 
12x12 
30x30 

Inches, 
3 
12 

4 

24x24 

?  Artificially  S 
i     CDlar^cil.i 

5 

6 

0^ 

4 

Temperature        Temperature 
of  ain  I      of  spriug. 


70^  F. 

70 

70 

70 

70 

70 

70 


104'=>F. 
104 
111 
114 
112 
94 
132 


Elevatiou  above 
Bea-Ievel. 


Feet. 

5,750 

5,750 

5,750 

5,750 

5,750 

5,750 

5,750 
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As  wfl  go  from  the  river  up  tlic  hill  tnwiird  the  main  Rprings  we  meet 
with  a  lai^  pool  of  hot  water  of  ultoiit  lUU  I'eet  diumeter.  It  is  230 
feet  above  the  level  of  the  river,  and  on  its  vdge  there  are  several 
spriogs.  Of  two  I  took  the  tempenktiires,  and  found  tbeui  both  to  be 
140^  F.,  the  temperatnre  of  theairbeiii{|;<>5°  F.  iiud  tliotimeofobser\'a- 
tion  8  a.  m.  A  short  distauce  farther  up  wo  iraiuo  to  the  maiu  mass  of 
spriogs,  arranged  on  a  aeries  of  terracea  at  di&ereut  levels.  The  tirat 
terrace  is  528  feet  above  the  level  of  the  river.  The  principal  springs 
are  on  the  first  ten  terraces,  and  as  we  go  up  the  valley  we  flud  that, 
although  there  were  onoe  many  springs  liere  of  a  most  autive  character, 
at  the  present  time  they  have  ueariy  all  died  out.  The  first  four  or  five 
have  the  hottest  spriuga.  The  boiling-point  at  these  springs  varies  from 
11)93.5  to  200O.9.  I  give  the  tempenitures,  &e.,  below  iu  tiibular  form. 
The  observations  were  all  made  ou  the  2Sth  of  July. 
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iu  the  springs  was  no- 
ticed on  the  aintb  and 
twelfth  terraces.  The 
formes;  in  1871  was  al- 
1  most  entirely  covered 
i  with  water,  throngh 
*which  the  varioas 
springs  coald  be  noted 
by  the  points  of  ebnl- 
lition.  It  was  impos- 
eible  to  walk  any- 
where but  around  the 
edge.  Now,  however, 
the  most  of  the  water 
bas  disappeared,  and 
only  the  spiings  re- 
main, and  onecitn  walk 
almost  anywhere  on 
tbe  terrace.  On  the 
twelfth  terrace  there 
are  a  ^reut  many  new 
springs,  all  of  which 
have  a  high  tempera- 
ture. Carbonic-acid 
gas  can  be  detected  in 
tbe  springs  of  the  fonr- 
teeuth  terr.ice  by  the 
taste.  These  springs 
are  hid  in  the  grass, 
and  it  is  only  by  care- 
ful searching  that  they 
are  found. 
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Dr.  BotUicb  has  made  the  following  aDalysis  of  tlie  deposits  from  these 
springs :  . 

Loss  Kt  110°  C...     l.TSperoent,  (  -^  ,„ 

LoM  St  ignitiou..  W.a-.iwrcent.  i *'-^" 

Liiue . 57.70 

Silica 3. 33 

Ferric  oiy<l ^. 3,«a 

Alumiiu 3.31 

MitfiDeBia ^ t TrfU»i. 

Soda' K » Truoe. 

100.05 

Fignres  31  and  32,  drawn  by  Mr.  Holmes,  will  perhaps  give  the  reader 
a  good  idea  of  some  of  the  i>ecaltar  formations  noticed  at  these  Hpriiigs. 
Fig.  31  shows  the  pools  or  basins  which  were  so  fully  described  by  Dr. 
Hayden  in  the  rei>ort  tor  1871,  and  which  form  one  of  the  most  beanti&l 
features  of  the  springs.  The 
water  in  all  of  them  is  either  , 
warm  or  hot  according  to  their 
{K>sition,thelowerones having  :. 
the  coole.st  water.  The  water  ^ 
lias  also  that  exquisitely  beau- 
lifol  bine  tint  which  is  beyond  ' 
description,  and  which  forms  | 
such  biindsome  contrasts  to  k 
the  white,  marbte-like  basins  I 
in  which  it  is.  The  water  pours  | 
from  one  basin  to  another  and 
lorms  slalactitic  processe 
which  hang  from  their  sides  I 
as  seen  in  the  picture.  At  the  I 
bottom  of  the  upper  basin  in  I 
the  illustration  the  processes  I 
have  united  with  those  formed  ■= 
from  below  by  the  dropping  of  the  water,  while  in  the  lower  ba^D  they 
have  not  yet  come  together,  bat  still  form  true  stalartitic  processes.  Over 
the  outside  surfaces  of  the  basins  we  find  also  bead-like  pi-ocesses,  caused 
also  by  the  dropping  of  the  water.  The  gr4tat  amount  of  lime  in  these 
deposits  gives  them  a  beautiful  white  appearance. 


CHAPTER   III. 

GABDINEB^  BIVEB  TO  MUD  VOLCANOES,  YELLOWSTONE 
VALLEY. 

We  left  the  Hot  Spnngs  on  the  29th  of  July  and  made  oar  next  camp 
on  Black-Tail  Deer  Greek  near  the  Yellowstone,  a  few  miles  above  Gar- 
diner's Biver.  Our  camp  was  on  a  portion  of  the  plateau  that  extends 
eastward  from  the  top  of  the  blnff-wall  opi>08ite  the  springs.  The  rock 
immediately  beneath  as  was  a  violet-colored  trachyte  containing  crys- 
tals of  sanidine.  Between  our  camp  and  the  Yellowstone  Biver  there 
WOTS  some  tixposures  of  Carboniferous  limestone,  evideutlj  the  direo^ 
*Bj  vpectroecopic 
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prolongation  of  the  layers  noticed  in  the  last  chapter  as  occurring 
at  Cinnabar  Mountiiin.  Just  below  these  outcroppjngs  the  river 
passes  tlirough  the  third  caiion,  the  rocks  of  which  are  gneissic,  upon 
which  the  limestones  rest.  On  the  west  side  of  the  river  there  are 
fine  exposures  of  black  micaceous  gneiss,  inclining  southeast.  On 
the  opposite  side  there  are  three  streams  which  cut  their  way  to  the 
river  through  the  solid  granite.  About  a  mile  east  of  camp  I  visited  a 
butte  of  limestone  which  rose  above  the  surrounding  volcanic  rock  like 
a  huge  monument.  The  dip  was  southwest  at  an  angle  of  about  5(P. 
From  these  layers  I  obtained  hemiproniteSj  spirifer^  and  rhynchonella. 

The  following  day  we  moved  our  camp  to  the  Yellowstone  and 
pitched  our  tents  in  a  beautiful  grassy  valley  on  Elk  Creek,  about  one 
mile  from  the  Yellowstone  River.  About  two  miles  above  us  the  East 
Fork  of  the  Yellowstone  joined  the  main  river.  Our  camp  (No.  9)  was 
334  feet  lower  than  the  previous  one,  (No.  8.)  The  descent  from  the 
plateau  was  rather  abrupt,  and  gave  us  a  chance  to  see  the  structure  of 
the  Eocene  beds,  which  were  here  composed  of  coarse,  yellowish-brown 
sandstones,  intercalated  with  basalt  and  trachyte.  The  sandstones  in 
some  places  arc  conglomerate,  and  all  are  considerably  metamorphosed. 
Some  of  the  layers  contained  impressions  of  deciduous  leaves,  among 
which  Professor  Lesquereux  has  found  Platantis  nobili8j  Fagus  antipofij 
and  a  new  species  described  in  his  report.  The  volcanic  rocks,  mostly 
basaltic,  contained  a  large  percentage  of  iron,  and,  on  weathering,  pre- 
sented a  rusty  appearance.  In  some  I  found  green  jasper  and  chal- 
cedony. The  valley  of  Elk  Creek  below  our  camp  presented  a  curious 
appearance.  The  river  and  the  small  streams  h  ive  cut  their  way 
deeply  through  the  Tertiary  beds,  leaving  table-like  buttes  standing 
between  each  one,  being  capped  with  a  volcanic  layer,  the  top  of  which 
is  perfectly  level.  They  are  merely  the  remnants  of  layers  that  once 
extended  over  the  entire  valley.  Beneath  the  volcanic  layers  the  soft 
gray  and  brown  sandstones  have  yielded  readily  to  the  action  of  the 
water,  and  the  canons  are  deep,  with  perpendicular  walls. 

The  Tertiary  beds  seem  to  rest  immediately  on  the  gneissic  rocks 
at  this  point,  and  before  their  deposition  there  was  undoubtedly 
a  great  (leal  of  erosion.  The  thickness  of  the  Tertiary  beds,  includ- 
ing the  volcanic  layers,  is  about  400  feet.  Throughout  the  valley  in 
which  we  were  camped  there  was  an  immense  number  of  granite-bowl- 
ders of  all  sizes,  which  were  evidently  washed  down  the  valley  of  the 
East  Fork,  for  we  find  them  strewn  along  that  river  for  some  distance 
above  its  junction  with  the  Yellowstone.  On  the  east  side  of  the 
Yellowstone,  near  Hell  Roaring  Creek,  there  are  some  high  granite 
mountains,  and  the  entire  surrounding  country  is  very  rugged  and  will 
some  day  form  a  most  interesting  field  of  study.  Our  time  was  too 
limited  to  attempt  to  penetrate  it  at  all.  Near  the  junction  of  the  two 
forks  of  the  Yellowstone  there  has  been  a  bridge  thrown  across  the 
main  stream.  Just  at  this  point  we  find  an  exposure  of  granite.  This 
passes  into  micaceous  gneiss,  which  is  overlaid  by  sandstones,  on  top  of 
which  there  is  a  bed  of  conglomerate,  made  up  mostly  ot  volcanic  frag- 
ments. Crossing  the  river  we  soon  find  onrselves  surrounded  with  vol- 
canic rocks.  A  short  distance  from  the  river  there  is  an  isolated  table- 
like butte,  rising  000  feet  above  the  level  of  the  river.  It  is  capped 
with  basalt  of  considerable  thickness,  beneath  which  are  soft  Tertiary 
sandstones.  The  floor  of  the  butte  is  quite  level,  and  is  strewn  with 
granite-bowlders.  It  is  evidently  only  another  remnant  of  the  basaltic 
layer  I  have  referred  to  above,  which  once  extended  over  an  immense 
^rea.    As  we  proceed  up  the  Yellowstone,  it  becomes  thicker.    Follow- 


346  feet. 
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lug  the  river  we  found  that  a  short  distance  above  the  bridge  it  emerges 
from  a  deep  caiion.  At  the  lower  end  of  this  canon  there  are  a  number 
of  hot  springs  on  the  edge  of  the  river.  We  could  distinguish  at  least 
four.  They  were  surrounded  by  a  considerable  deposit  of  sulphur  and 
iron.  They  give  off  sulphuretted  hydrogen  abundantly.  We  were  some 
500  feet  above  them,  and  yet  the  surrounding  air  was  strongly  impreg- 
nated with  it.  It  was  impossible  to  reach  the  springs  to  take  their 
temperatures.  The  canon  is  about  a  mile  in  length,  extending  from  the 
month  of  Tower  Creek,  opj)osite  Tower  Falls.  It  is  one  of  the  finest 
canons  I  have  ever  seen.  The  walls  are  perpendicular  and  the  river 
flowing  below  is  a  perfect  torrent,  of  an  emerald-green  tint,  capped 
with  white  foam.  The  fall  of  the  river  for  2^  miles  is  229  feet.  On  the 
western  side  of  the  canon  the  rocks  have  been  weathered  into  towers, 
with  sharp  i)innacles,  giving  it  a  most  picturesque  appearance. 

The  height  of  the  eastern  wall  is  346  feet  above  the  level  of  the  river 
opposite  Tower  Falls.  At  the  lower  end  the  height  i>robably  reaches 
500  feet.     This  wall,  from  top  to  bottom,  is  composed  as  follows : 

1.  Soft,  gray  sandstone. ' ' 

2.  Columnar  basalt. 

3.  Conglomerate. 

4.  Columnar  basalt. 
6.  Trachyte. 
6.  Limestone  (?). 

The  layers  of  basalt  mentioned  above,  Nos.  2  and  4,  extend  the  length 
of  the  caiion  and  present  the  most  regular  hexagonal  columns  that  I 
have  ever  seen  anywhere  in  the  West.  It  was  impossible  to  obtain  the 
exact  measurements,  but  I  should  estimate  those  in  layer  No.  2  to  be 
15  feet  in  height,  while  those  of  No.  4  were  probably  between  20  and 
30  feet.  The  conglouierate  No.  3  was  probably  about  100  feet  in  thick- 
ness, and  composed  of  large  fragments  of  all  kinds  of  rocks,  the  vol- 
canic predominating.  It  w^as  so  infiltrated  with  sulphur  that  the  whole 
bed  had  a  bright  yellow  color,  especially  noticeable  at  the  upi)er  end  of 
the  canon.  The  Siindstones  on  the  top  were  very  soft,  and  had  weath- 
ered so  as  to  give  a  rounded  top  to  the  wall.  The  general  color  of  the 
ti'achyte  was  a  violet,  and  it  rested,  I  am  inclineil  to  think,  on  lime- 
stones, although  on  this  point  I  am  not  quite  certain.  Above  the  canon 
the  Yellowstone  River  flows  through  quite  a  wide  valley,  which  on  one 
side  is  comparatively  open  and  on  the  other  side  bounded  by  high  hills, 
which  slope  to  w  ithin  a  short  distance  of  the  river's  edge.  Just  above 
this  valley  is  the  lower  end  of  the  Grand  Canon.  Both  sides  of  the 
river  above  Tower  Creek  have  once  been  the  seat  of  hot-springs,  whose 
most  active  period  has  been  long  passed.  There  are  at  present  only  a 
few  springs  remaining  on  the  western  bank,  while  on  the  east  there  are 
extensive  deposits  containing  sulphur,  selenite,  and  alum.  We  spent 
four  days  in  camp  No.  9,  while  Dr.  Hayden  and  a  small  party  made  a 
side  trip  to  Clarke's  Fork  of  the  Yellowstone.  During  this  time,  in 
addition  to  some  trips  to  Tower  Falls  and  the  vicinity,  I  also  made  two 
trips  up  the  East  Fork  of  the  Yellowstone  to  a  locality  where  one  of  the 
members  of  the  expedition  discovered  some  very  fine  crystals  of  ame- 
thyst. This  locality  is  some  ten  miles  from  the  main  Yellowstone. 
The  specimens  are  found  on  a  hill  on  the  left  side  of  the  river.  It  is 
about  1,000  feet  in  height  and  the  summit  entirely  destitute  of  timber, 
the  rock  covering  it  being  basaltic.  Over  the  biisaltic  floor,  quartz, 
agate,  jasper,  and  silicified  wood  are  found  in  quantity.  There  seems 
once  to  have  been  a  forest  standing  here  which  the  lava  has  inclosed 
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and  silicified.  Imbedded  in  the  rock  we  find  namerons  cyliBdrical 
masses  of  chalcedouy  a  foot  and  more  in  diameter.  In  some  of  these 
masses  we  can  still  trace  the  form  of  the  woody  fibers,  while  others 
have  bits  of  silicified  wood  that  has  not  been  changed  to  chalc^ooy. 
In  the  center  of  many  of  these  cylinders  we  find  crystals  of  amethyst. 
They  are  large  and  have  a  fine  color.  If  we  had  been  able  to  i>enetfate 
to  a  greater  depth  there  is  no  donbt  but  that  we  would  have  found  still 
handsomer  specimens.  In  other  specimens  the  wood  seems  to  have 
formed  a  nucleus  around  which  the  quartz  has  crystallized,  chalcedony 
forming  the  center  and  milky  quartz  the' exterior.  In  one  place  on  this 
hill  I  found  a  great  variety  of  jaspers,  with  also  agates  and  semi-opal. 

The  following  is  a  complete  list  of  the  minerals  found  at  this  locality  : 
Amethyst,(ametl)ystine  quartz,)  limpid  quartz,  milky  quartz,(fermginou8 
quartz,)  chalcedony,  carneliau,  chrysoprase,  prase,  banded  agate,  flint, 
red,  yellow,  gray,  blue,  and  black  jaspers,  semi-opal,  and  calcite. 

The  calcite  is  found  in  the  center  of  agate-geodes.  The  jaspers  are 
very  fine,  containing  three  and  four  colors  in  some  of  the  pieces.  The 
crystals  of  quartz  and  amethyst  are  all  large  and  fine. 

Throughout  the  entire  valley  of  the  Yellowstone  quartz,  chalcedony, 
agate,  and  obsidian-chips  are  common,  while  almost  all  the  trachytes 
contain  crystals  of  sanidine.  Among  the  specimens  brought  from 
Clarke's  Fork  were  argentiferous  galena;  and  the  blue  and  green  car- 
bonates of  copper  from  the  Clarke's  Fork  mines. 

We  left  Elk  Creek  on  the  4th  of  August,  and  made  our  next  camp  at 
the  foot  of  Mount  Washburne,  on  the  eastern  side,  in  a  small,  densely- 
timbered  valley  bordering  the  Grand  Canon.  Close  to  our  camp  there 
was  a  small  guUey  containing  some  springs,  of  which  I  recorded  the 
temperatures.  A  small  stream  nin  through  the  gulloy,  and  throughout 
the  entire  bed  there  were  springs  whose  presence  was  revealed  by  the 
bubbling  of  carboni(j  acid  and  sulphuretted  hydrogen  through  the  water. 
On  eitlier  side  of  the  stream  there  are  abundant  deposits,  of  a  white 
color,  containing  lime,  silica,  and  sulphur,  giving  eviclence  that  at  some 
past  time  this  place  was  the  seat  of  a  large  group  of  active  springs,  of 
which  those  now  existing  are  a  mere  trace.  It  may  not  be  many  years 
before  they  will  be  entirely  extinct.  The  specific  description  of  theso. 
springs  is  as  follows :  No.  1  is  eight  feet  by  five,  and  gave  oif  sulphuretted 
hydrogen  abundantly^.  The  temperature  was  only  52°  F.  No.  2  is 
three  by  four  feet,  and  has  a  temperature  of  53°  F.  Nos.  4  and  6  were 
merely  small  holes  in  the  deposit  on  the  bank  of  the  stream.  The  tem- 
perature of  the  former  was  94P  F.  and  that  of  the  latter  lloo  F.  The 
remaining  springs  were  as  follows:  No.  6,  188^  F. ;  No.  7,  188^  F. ;  and 
No.  8,  lirno  F.  The  boiling-point  here  would  be  llKSo.3  F.  The  tem- 
perature of  the  air  during  these  observations  was  70^  F.,  the  time  being 
about  T.oO  a.  m.  The  elevation  above  sea-level  was  8,117  feet^  From 
this  group  of  ^springs  we  caught  a  glimpse  of  a  white  spot  through  the 
trees,  which  indicated  that  there  were  more  springs  to  the  north  of 
these.  Toward  this  place  we  turned  our  heads,  and  while  riding  along 
through  the  woods  we  came  to  a  pool  of  water  which  would  measure 
probably  thirty  yards  by  fitty.  The  surface  of  the  water  was  almost  all 
in  agitation  from  the  number  of  points  of  evolution  of  carburetted 
hydrogen.  The  temperature  of  the  water  was  only  54^  F.,  while  the 
air  still  remained  at  7(P  F.  This  pool  was  on  about  the  same  level  as 
the  springs  mentioned  above.  A  short  ride  from  this  pool  brought  us  to 
the  spot  we  were  seeking,  and'  we  found  ourselves  in  the  midst  of  an 
active  group  of  mud  springs  or  salses.  The  springs  are  distributed  over 
the  side  of  a  hill  which  steams  from  top  to  bottom.    It  was  a  most  hor- 
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rible-looking  place,  and  brought  to  our  minds  pictures  of  the  infernal 
regions.  The-black  and  red  colors  of  the  mud  and  iron  deposits  gave 
the  hill  the  appearance  of  having  been  burned,  while  here  and  there  were 
masses  of  bright-yellow  sulphur.  The  air  was  filled  with  the  fumes  of 
salphuretted  hydrogen.  The  noise  made  by  the  throbbing  and  pulsating 
masses  of  mud  was  continuous.  This,  with  the  splashing  and  splutter- 
ing of  some  of  the  springs,  the  plop-plop  of  the  thicker  mud,  combined 
with  the  unearthly  appearance  of  the  scene,  made  us  feel  that  we  were 
on  dangerous  ground,  and  in  walking  about  the  springs  we  did  so  care- 
fully, fearing  that  we  might  break  through  the  crust.  The  mud  in,  these 
springs  is  black  in  some,  lavender-colored  in  others,  and  again  yellow, 
while  in  consistency  it  is  of  all  grades,  from  that  of  a  thick  mush  to  a 
mere  inky-black  water.  In  the  thick-mud  spring  the  steam  seems  to 
escape  with  an  effort  after  several  vain  attempts.  The  mud  rises  in  a 
hemispherical  mass,  falls  and  again  rises,  and  after  several  repetitions 
the  steam  bursts  from  it,  sometimes  throwing  the  mud  to  a  distance  of 
20  feet. 

I  divide  the  springs  at  this  locality  into  two  groups,  the  second  group 
being  some  distance  higher  up  the  hill.  The  following  is  the  description 
of  the  springs  in  the  first  group :  The  first  one  contained  a  rather  thin 
lavender-colored  mud.  It  is  a  cavernous-like  opening  on  the  side  of  the 
hill,  and  is  the  topmost  spring  of  about  five  springs  that  are  situated  in 
a  line,  one  above  the  other,  at  different  levels.  There  seems  at  one  time 
to  have  been  a  fissure  here  which  determined  their  position.  It  was 
the  only  spring  of  the  five  that  could  be  approached,  but  the  tempera- 
ture even  of  this  could  not  be  taken  on  account  of  the  steam  coming 
from  it.  It  was  probably  at  the  boiling  point.  The  mud  was  in  active 
motion,  and  the  steam  came  from  it  with  a  continuous  roar.  The  spring 
also  gave  off  sulphuretted  hydrogen  gas. 

No.  2  wa«  a  large  pool  of  muddy  water,  through  which  a  number  of 
steam  jets  forced  their  way,  giving  the  spring  the  appearance  of  a  sieve 
full  of  water,  through  the  bottom  of  which  the  stream  was  forced. 
The  temjierature  of  the  water  was  194^  F.,  and  the  air  78°  F.,  the 
time  of  observation  being  about  0  o'clock  iu  the  morning.  This 
spring  was  30  feet  above  No.  1.  Near  it  there  was  a  spring  of  very 
thick,  blue  mud,  the  temperature  of*  which  I  was  unable  to  take,  it  not 
being  sate  to  approach  near  it,  as  the  mud  on  the  banks  was  very  soft. 

A  short  distance  to  the  right  of  No.  2,  and  a  little  above  it,  is  No.  3, 
a  large,  yellow,  muddy  pool  30  feet  by  50  feet  in  diameter,  in  which 
there  was  a  great  deal  of  bubbling,  the  water  near  the  edge  of  the 
spring  being  especially  agitated.  The  temperature  was  140  F.,  the 
air  remaining  at  78°  F.  On  the  banks  of  this  pool  there  was  an 
abundant  deposit  of  sulphur  and  alum.  No.  4  is  the  most  active 
spring  of  the  group.  It  is  about  20  feet  higher  up  the  hill  than  No.  3, 
and  is  about  30  feet  in  diameter,  somewhat  irregular  in  shape.  The 
mud  has  formed  a  rim  about  it  which  is  2  feet  above  the  spring  on  one 
side  and  3  feet  on  the  other.  It  contains  a  very  thin  blue-black  mud, 
which  is  in  violent  ebullition,  rising  at  times  to  the  height  of  3  and 
4  feet.  A  dense  column  of  steam,  mingled  with  sulphuretted  hydrogen 
gas,  is  continually  escaping  from  it.  1  was  able  to  take  the  temperature 
only  at  the  edge,  where  I  found  it  to  be  190o  F. ;  air,  78°  F.  ''  In 
the  center  it  was  probably  at  the  boiling.poiut,  which  at  this  eleva- 
tion is  1^0.2  F.  About  20  feet  below  No.  4,  and  a  little  to  the  right, 
is  No.  5.  It  is  15  feet  long  and  5  feet  wide  at  the  widest  place, 
being  somewhat  triangular  in  shape.    One  edge  of  the  bank  over- 
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hanpfs  the  water  and  coated  with  a  deposit  of  sulphur,  which  is  deposited 
by  the  sulphuretted  hydrogen  giis.  The  water  hero  is  cleaner  than  in 
any  of  the  sunouuding  springs.  The  center  of  the  spring  is  in  \iolent 
ebullition  from  the  escai)e  of  steam.  The  temperature  of  the  water  at 
the  edge  of  the  spring  was  1S4P  F.,  the  air  being  78^.  The  second 
group  has  a  general  elevation  of  about  150  feet  above  the  lirst,  and 
is  also  situated  on  the  slope  of  a  hill.  The  first  spring  in  this  group 
we  called  the  "Mush-Pot."  It  is  about  20  feet  in  diameter,  and  has  three 
openings,  each  about  10  feet  in  depth.  The  mud  at  the  bottom  of  these 
holes  is  very  thick  and  of  a  bluish-bhick  color.  The  mass  heaves  and 
throbs  as  the  steam  escapes  through  it.  It  was  impossible  to  take  the 
temperature  of  the  mud,  as  the  steam  scattered  it  in  all  directions,  ren- 
dering it  impossible  even  to  look  into  it  with  safety. 

No.  2  was  named  the  '*  Paint-Pot,''  the  mud  in  it  resembling  lead- 
colored  paint.  The  entire  surface  was  in  violent  agitation.  The 
diameter  of  this  spring  is  narrower  at  the  top  than  at  the  surface  of  the 
mud,  which  was  eight  feet  below  the  surface  of  the  ground.  The  mud 
is  scattered  in  all  directions,  as  in  the  last-mentioned  spring,  rendering 
it  iniiMjssible  to  obtain  its  tem|>erature.  At  intervals  of  about  three 
minutes  it  seems  to  take  a  rest,  remaining  quite  for  a  few  seconds. 

No.  3  is  a  fissure  of  nearly  100  feet  in  length,  in  the  course  of  which 
there  are  a  number  of  black-mud  springs,  their  average  temperature 
being  185o  F.,  while  the  air  was  70^  F.  This  fissure  is  about  100  feet 
above  spring  No.  1. 

No.  4  is  a  similar  fissure  of  about  the  same  length.  It  is  about  100 
feet  above  the  preceding  one,  and  contains  mud-springs  of  the  same 
character,  the  average  temperature  being  190°  F.  The  boiling-point  at 
this  elevation  is  197O.0  F.  All  around  this  fissure  there  is  an  abundant 
deposit  of  sulphur  and  alum,  the  sulphur-crystals  being  exceedingly 
brilliant  and  delicate. 

No.  5  is  a  blue-mud  spring  of  about  three  feet  in  diameter,  having  a 
tempeniture  of  lOO^  F.  Nos.  C,  7,  8,  0,  and  10  form  a  small  grou}) 
distinguished  by  the  abundance  of  sulphur  surrounding  them.  The 
mud  in  them  was  very  thick  and  varied  in  color  from  blue  to  black. 
The  ground  about  them  was  too  treacherous  to  allow  of  a  near  approach, 
but  their  temperature  would  probat)ly  average  about  18o^-ll)0o.  Be- 
sides the  springs  I  have  described  above  there  were  numerous  smaller 
ones  and  a  great  many  steam  ventSb.  I  have  only  mentioned  the  most 
important  springs.  Both  the  groups  are  situated  in  banks  of  clay,  and 
tluMh'posits  consist  mainly  of  clay,  alum,  and  sulphur.  All  the  springs 
are  a(*id  in  reaction  from  the  ]>resi*nce  of  suli)huric  acid.  The  sulphur 
results  from  the  decomposition  of  the  sulphuretted  hydrogen  which  is 
so  abundant  in  this  locality.  The  oxidation  of  the  sulphur  and  its 
union  with  the  tilumina  and  iron  gives  us  the  alum  which  we  find  here. 

Our  next  camp  (No.  11)  was  on  Cascade  Creek,  a  few  miles  from  the 
Lower  I'alls  of  the  Yellowstone  and  the  Grand  Canon.  Cascade  Creek, 
near  our  camp,  flows  through  a  valley  covered  with  sedimentary  rocks, 
into  wliich  it  has  cut  a  short  distance.  It  is  made  up  partly  of  sand 
and  particles  of  volcanic  material.  It  is  probably  Pliocene  in  its  origin, 
and  was  <lei)08ited  at  the  bottom  of  a  lake  which  was  very  likely  a  pro- 
longation of  the  ancient  Yellowstone  Lake,  and  existed  hrre  at  a 
com[mr{itive]y  recent  period.  The  strata  are  soft  and  contain  particles 
of  obsidian  in  abundance,  and  are  also  in  part  contributed  to  by  volcanic 
ashes,  for  here  we  find  ourselves  in  the  miilst  of  a  volcanic  country.  This 
sedimentary  dei)osit  extends  over  the  entire  valley  of  the  Yellowstone  at 
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this  point    The  carving  out  of  the  Gran<)  CaQon  (Fig.  33)  gives  us  dd 
excellent  oppOFtaiiity  to  study  the  various  rocks  that  underlie  the  vHlley. 

At  the  head  of  the  Grand  CaDon  is  the  lower  fall  of  the  Yellowstone, 
which  waa  measured  this  ^ear  by  triaugulatiott  aud  found  to  be397  feut 
Id  height.     At  the  ,  „■ 

fixit  of  the  fall  the  »■'£•  33- 

depth  of  the  caiioD 
is  675  feet.  This 
depth  increases  as 
we  go  dovrn  the 
river,  and  about 
half  a  mile  below 
it  is  1,000  feet, 
meaaored  with 
an  aneroid  barom- 
eter.- The  fall  of  j 
the  river  ih)m  the 
foot  of  the  fall  to 
the  mouth  of) 
Tower  Creek,  a  [ 
distance  of  tweuty- 
two  miles,  aver- 
ages 40  feet  to  the  | 
mile.  On  the  west-  [ 
ern  side  of  the  | 
caDoD,  some  dis- 
tance above  the  | 
top  of  the  lower 
fall,  there  is  an  ex- 
p<isure  of  a  very 
tine  soft  santUtone  ' 
having  a  light- yel- 
yellow  color.  This  must  have  been  deposited  in  very  quiet  waters  aud 
is  probably  of  Post-pliocene  age.  On  tlie  eastern  side  we  find  the  rocks 
to  be  as  tblluws:  The  top  of  the  canon  above  the  falls  is  made  up  of 
obsidian,  which  is  porphyritic,  containing  crystals  of  sauidine.  The 
rock  is  very  iixegidar  in  composition  and  color,  the  latter  varying  from 
black  to  brown.  It  jtasses  iuto  a  fierlite-like  rock  of  a  liglitbluirth  color, 
in  some  places  is  white.  This  has  in  places  perlite-hke  tnicliyte- 
porphyry,  containing  small  felds])athic  balls  with  a  radiated  Itbruus 
structure,  (spherulites,)  mixed  with  small  bits  of  obsidian,  the  whole 
mass  having  a  general  <wlor  that  i-esembles  blue  lead.  A  little  farther 
down  we  find  in  this  same  rock  jasper-geodea  containing  vaiieties  of 
opal  in  the  interior.  They  vary  in  size,  some  being  only  an  inch  in 
diameter,  while  others  are  half  a  foot.  They  arc  of  a  brown  color  on  the 
exteriorand  botryoidal  in  shape,  aud  are  porphyritic,  containing  crystals 
of  sanidine.  Breaking  them  open  we  flnil  that  the  mass  often  i>reseiits 
a  beautiful  appearance,  some  of  the  specimens  having  a  rich-brown 
color,  mingletl  with  bright  red  and  green,  while  the  cavities  are  lined 
with  pink,  white,  or  blue  8emi-0]>al  in  some  cases  and  in  others  by 
hyalite.  The  variety  in  tbe  shades  of  color  is  almost  infinite.  Just 
above  the  fall  there  is  a  slide  of  rock  reaching  tmm  the  top  of  the  mnon 
to  the  river's  edge,  and  here  we  found  many  good  specimens  that  had 
broken  ont  of  the  more  massive  rock  and  fallen  down. 

At  the  brink  of  tbe  fall  the  rock  over  which  the  water  pours,  and 
which  extends  some  oO  or  7o  feet  above  it,  is  a.  compact  trachyte  imt- 
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Fig>  35- 


I>li.vry  of  a  light  viiilct  e«lor  oontiiininR  ci7»taUof  nntiidine.  Aswppro- 
ci-i-il  down  tlie  river  wo  litiil  tliiit  Hii.s  roirk  is  iviilacwd  by  an  argillo- 
iracli.vti'-iionili.vry,  tin?  wIiiIk  niliH-  of  wLivh  coiiti-a»ta  stmuKly  with 
tU<'  (itlior  t:iy\»Tn  seen  on  the  sidos  »f  tin-  (-nrinn.  The  uncqunl  liiinliifms 
or  till'  ditfi.'1-eiit  iTM^k«  IiHS  allowi-d  it  to  woatlifr  into  curious  and  lim- 
taslif  sha)i('s,  spii-eii,  toivvrs,  and  ndnari'ts  Rtanditig  out  on  Wtlivr  side, 
ailtliii<;  lothu  pictuivwinuncitsof  the  FmuiK'rv.  Thciti  Imve  ouue  been 
litany  tiot  s|ii'iiigs  thrimglniut  tliin  rugiou,  and  it  ii^  to  thi-m  that  tlit^ 
fjri'iitci'  |ioi't ton  of  t Ite coloring  Hi-ou  in  ihccafumis  dui',  tlie  iron  deposits 
;:Lvin;.'  the  reds  mid  the  Mulphur  the  yellowis.  *  Theiv  still  are  a  number 
oi'  spi'in^.s  .ilont;  the  river'')  edge,  tiltliough  fi-oui  tlie  to|>  of  the  <:aii»u 
lliey  eiuitiot  \w  distiuguinhed.  The  center  of  attraction,  however,  is  the 
liiwci-  fall,  (Fig.  HI).  The  river  suddenly  narrows  to  n  width  of  only 
lull  lei't  iitxl  rushes  over  a  ledge  of  tniehyte,  falling  ;>!((  feet  to  the  bot- 
tmn  of  the  eailon.  The  water  at  the  edgi*  of  the  fall  is  very  deep  and 
of  ji  ileep-gieen  color.  Huge  bowlders  thrown  iu  are  carried  by  the  force 
lit'  the  current  far  out  fi-oni  the  edge  of  the  fall.  When  we  approach 
the  brink  and  look  over  into  the  abyas  we  b(>giii  to  i-calize.  tlie  ItltleneiM 
of  man  when  iu  the  ])n-Kence  of  ualnre's  giand  niasterpieces.  Down, 
down  giies  the  whirling  mass,  battling  lunl  wiithitiK  us  the  water  dashes 
iigaitist  the  nicks  with  a  noise  like  Ihediscbarge  of  artillery.  Here  and 
tJiere  a  i-csisting  rock  is  met  with  and  the  watei  relmands,  broken  into 
myriads  iif  dropn,  which  thniw  back  to  us  the  suulight  resolved  into  ita 

pvindtive  colors.  The 
bottom  of  the  canon 
reached,  the  imniense 
inaHS  of  water  Heemn 
to  dissolve  itself  into 
s|uay,  ami  tbeii  recov- 
ering, it  Hows  down 
I  the  gorge  an  emenild- 
green  stream,  diuthed 
with  pat ehesof  white, 
lieating  with  furious 
waves  theiyx^ky  walls 
hat  imprison  it. 
Taken  in  connection 
ilh  the  varied  tints 
of  the  caiion  itself, 
yellow,  orange, 
white,  the  dark -green 
lingnigtlietop, 
and  the  bright  gi'cen 
oi'  the  spray- n on r- 
slied    iii»ss    on    the 

a  pieiuit-  of  al- 
iiieiiiuiled  ntag- 
iice  and  gran- 
It  is  a  scene 
lieh    one    nev 


As 
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Rtrikes  a  namber  of  ledges  of  rock,  which  churo  it  into  a  mass  of  foam. 
A  portion  of  the  water  is  projected  oat  like  a  broad  fan,  and  strik- 
iii<;  the  water  below  makes  a  sort  of  ricochet,  while  the  mnia  mass 
'  of  Witter  reaches  the  base  of  the  fall  about  20  teet  from  the  verti- 
cal line  let  fall  from  the  top.  The  water  has  cut  ont  of  the  solid  rock  a 
rounded  basin,  trom  which  the  coarse  nf  the  river  is  almost  at  right 
angles  to  the  coarse  above  the  fall.  For  Bome  distance  above  the  fall 
Fig.  36. 


there  is  a  eeries  of  rapids  over  which  the  carreot  is  very  swift.  The 
caSon  between  the  two  falls  is  about  half  a  mile  long  and  the  fall  of 
the  river  between  these  two  points  is  68  feet.  The  walls  of  this  canon 
vary  in  height  from  100  to  200  feet 

Giweade  Creek  flows  in  to  the  Yellowstone  River  on  the  west  side  betweea 
tbe  &^\s.  A  short  distance  above  its  mouth  we  find  a  beautiful  fall, 
(Fig.  36,)  or  rather  cascade,  for  it  is  made  up  of  three  distinct  falls,  the 
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agff  regate  height  of  which  is  129  feet.  The  stream ,  after  passing  throagh 
a  deep,  gloomy  gorge,  makes  a  leap  of  aboat2I  feet  and  then  falls  again 
in  three  streams  a  distance  of  over  50  feet  into  a  beautifal,  ronnded 
basin,  in  which  the  water  is  perfectly  clear  and  quiet.  From  this  basin 
tlie  final  leap  is  taken  and  the  water  flows  on  to  the  Yellowstone  Eiver. 

Leaving  Cascade  Ci^eek  onr  next  camp  (No.  13)  was  at  Mud  Volca- 
noes near  the  Yellowstone  River,  about  eight  milc«  below  the  lake.  We 
spent  three  days  here,  waiting  for  a  supply-train  to  join  us  from  Fort 
Ellis.  During  this  time  I  visited  a  number  of  the  various  hot-spring 
localities  in  this  portion  of  tiie  valley.  The  underlying  rocks  here  are 
Pliocene  and  Post- pliocene,  in  horizontal  strata,  and^)resenting  the  same 
characters  that  were  observed  near  the  Grand  Cfauon,  and  probably 
resting,  as  those  do,  upon  volcanic  rocks.  In  some  places  I  noticed  iron 
as  forming  a  prominent  part  of  these  sedimentary  deposits,  which,  with 
the  obsidian,  makes  very  handsome  specimens.  The  river  flows  quietly 
through  the  valley,  the  fall  per  mile,  from  Yellowstone  Lake  to  the  top 
of  the  upper  fall,  being  only  8  feet,  and  almost  all  of  this  is  in  the  rapids 
just  above  the  upper  fall.  The  first  springs  I  visited  were  on  a  branch 
of  Alum  Creek  al)out  five  miles  northwest  of  camp.  We  named  the^mall 
stream  Violet  Creek,  from  the  profusion  of  violets  growing  upon  its 
banks. 

The  first  spring  we  met  with  was  on  the  right  bank  of  the  creek,  in  a 
siliceous  cone-like  mound  that  rises  six  feet  above  the  bed  of  the  stream. 
Its  temi>erature  was  120°  F.,  the  air  being  at  70^  F.  The  bed  of  the  creek 
was  filled  with  confervoidea,  leading  us  to  suspect  that  there  were  springs 
still  farther  up.  After  a  further  ride  of  about  a  quarter  of  a  mile  we 
came  to  quite  alarge  group  of  hot  springs  lining  both  sides  of  the  creek. 
The  first  spring  I  will  describe  is  on  the  right  bank  of  the  creek,  in  the 
center  of  a  white  mound  20  feet  in  diameter  and  rising  10  feet  above  the 
bed  of  the  creek.  This  mound  is  formed  of  the  deposits  from  the  water, 
which  (ronsist  mainly  of  various  carbonates  and  silica.  The  orifice  of 
tlie  spring  is  circular  and  about  three  inches  in  diameter  and  looks  as 
though  it  had  been  artificially'  punched  in  the  deposit,  so  mathematically 
exact  is  it.  The  water  gives  otf  carbonic-acid  gas,  leaving  a  deposit  of 
iron.  Its  temperature  was  lOQo  F.,  the  air  being  70^  F,  Spring  J^o.  2 
is  on  the  opposite  side  of  the  creek  and  has  a  basin  measuring  4  feet  by 
2  feet ;  the  temperature  of  the  water  was  IGOo  F.,  the  air  remaining  at 
7(P  F.  No.  3  has  a  circular  basin  two  feet  in  diameter,  which  is  lined 
with  an  abundant  deposit  of  iron.  Carbonic-acid  gas  bubbles  through 
the  water.  Its  temperature  was  158°  F.  No.  4  is  6,  feet  deep  and  1 
foot  by  3  feet  in  diameter,  and  has  a  temperature  of  188^  P.  The 
next  three  springs  had  temperatures  as  follows:  No,  6, 102^  F.;  No.  6, 
1040  F.;  and  No.  7,  188^^  F.;  the  air  still  remaining  at  70^  F.  All  these 
springs  have  circular  orifices  of  about  six  inches  diameter,  and  the  water 
jiroceeding  from  them  flows  over  a  series  of  small  terraces,  resembling 
those  of  the  Gardiner's  River  sjmngs  on  a  miniature  scale.  These  basins 
are  lined  with  a  gelatinous  form  of  silicic,  which  has  a  leathery  appear- 
anc^e  and  is  coated  with  an  iron  deposit.  The  springs  are  about  10  feet 
above  the  level  ot  the  creek  and  all  give  off  carl)onicacid  gas.  No.  8 
is.  very  irregular  in  shape  and  almost  hid  in  the  grass,  a  bout  40  feet  from 
the  creek.  There  is  a  slight  bubbling  in  it  and  its  temperature  was 
178^  F.  No.  0  is  a  small  spring,  2  feet  in  diameter  and  1  foot  deep, 
lined  with  confervoidea  and  having  a  temperature  of  140O  F.  No.  10 
is  a  very  pretty  spring,  about  f<mr  feet  above  the  creek,  and  has  a  beau- 
tiful scalloped  edge,  moss-lined  on  one  side.  Its  temperature  was  175*^ 
F.    The  boiling-point  at  this  locality  is  1980.3  F.    None  of  the  springs 
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reached  this  temperature,  194^  F.  beiDg  the  nearest  approach.  The 
rocks  exposed  near  these  springs  are  sedimeutary  aud  contain  a  great 
dead  of  obsidian. 

AboQt  three-fonrths  of  a  mile  farther  up-stream  we  came  to  the  head  of 
the  creek  and  found  that  it  originated  in  a  most  important  group  of 
springs.  They  are  situated  in  a  semicircular  basin,  bounded  by  a  low 
kill  wooded  on  the  summit.  The  sides  of  this  hill  are  perfectly  bare  and 
CDvered  with  glaring- white  deposit,  through  which  steam-jets  force  their 
way.  Looking  down  into  the  basin  from  the  top  of  the  hiU  is  like  look- 
ing into  a  volcanic  crater.  The  fumaroles,  solfataras  and  mud-springs 
Boattered  through  it  give  it  a  most  peculiar  appearance.  The  general 
eolor  throughout  the  basin  is  a  glaring  white,  relieved  here  and  there 
hj  i)atches  of  brick-red  iron  deposits  and  the  yellow  of  sulphur-masses 
tibat  are  scattered  throughout  the  basin.  The  crust  extending  over  the 
basin  is  lined  with  beautiful  crystals  of  sulphur.  On  the  left  of  this 
btun  there  is  a  ravine,  covered  with  deposits  of  the  same  character  but 
eottaining  no  springs.  There  are  a  few  fumarolea  remaining,  the  evi- 
dence that  once  the  ravine  was  the  site  of  active  springs.  A  few  yards 
on  the  opposite  side  of  the  basin  there  is  a  second  ravine  similar  to  the 
fint,  and  in  which  also  the  springs  are  all  dead,  nothing  remaining  but 
the  rust-colored  deposits.  I  will  give  the  different  springs  in  this  basin 
belaw  in  tabular  form. 

Springg  at  the  head  of  Violet  Creek, 

10, 1873;  Ume  of  olwervation,  13.30  a.  in. ;  general  elevation  above  sea-level,  8,050  feet ;  boil* 

Ingpoint,  1980.1  F. 


Xa 


Cbaracter  of  spring. 


ii 

V 

5  >. 

6 

7 
6 
9 

11 

U 


Siliceous 

do  — 

...  .do  — . 

— do 

lalphar . 


..  -do 

Vud-spring 

ftilphur 

Ho^mad  spring 

Vhite*mnd  spring. . 
Hue-mud  spring  — 
IbHow-mna  spring.. 
S  ne-mud  spring 


Sixe. 


8X  10  feet 

3  feet  diameter. 
3  feet  diameter. 


80  feet  diameter. 


30  feet  diameter.. 

3X4feet 

8  feet  diameter  . . 

6  X  lOfcet 

1  X3feet 

3  f eot  long 

4  feet  diameter... 
3  inches  diameter 


Gas  evolved. 


Steam 

...do 

...do 

...do 

Stoam  and  snipbu- 

retted  hydrogen. 

— do 


do 
.do 
.do 
.do 
do 
.do 
.do 


Temperatnre 
of  spring. 


Not 


185°  F. 
172 
194 
194 
taken. 

165 
170 
140 
162 
168 
1?8 
180 
190 


Temperatnre 
of  air. 


72°  F. 

72 

73 

72 

72 

78 
72 
72 
73 
72 
72 
72 
72 


Besides  the  springs  enumerated  in  the  table  there  were  many  smaller 
ones  and  a  few  large  pools  through  which  the  gases  bubbled  at  various 
pointR.  The  ground  near  the  majority  of  them  was  too  treacherous  to 
allow  of  our  approach.  There  are  also  a  great  many  steam-vents  lined 
withsnlphur-crystals.  The  hardened  deposit  about  some  of  the  mud- 
sprinp^s  is  an  indurated  clay,  that  has  been  deposited  by  the  springs. 
The  irst  four  springs  given  in  the  table  have  clear  water,  aud  the  firat 
one  was  in  violent  ebullition,  the  water  at  times  rising  four  feet 
abovt  the  ordinary  surface.  In  No.  10  I  found  butterflies  that  had 
fallen  into  the  water  and  been  killed  by  the  heat.  The  odor  of  sul- 
phnif  tted  hydrogen  was  not  so  strong  at  this  locality  as  at  the  foot  of 
Meant  Washbume. 

On  the  way  back  to  camp  we  came  across  another  group  of  springs, 
about  a  mile  southeast  of  the  group  given  above,  and  have  an  elevation 
about  200  feet  lower.  They  are  situated  in  a  ravine  bordering  a  small 
braneh  of  Violet  Greek.    The  following  table  will  show  them  all  at  a 
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Springs  <m  Inranch  of  Violet  Creek, 
Angnat  10, 187*2 ;  time,  3  p.  m  i  elevation  above  sea,  7,873  feet  i  boiling-poiiit,  HSPZ  F. ' 


No. 


1 
2 
3 
4 
5 
6 

I 

8 
9 


Size. 


3  X  -Ifeot 

10  feet  diameter. 
5  feet  cliainoter.. 

5  X'^foot 

3  fw*t  (hanietor. . 

5  y.  3  feet 

7   V  3  feet 

3  feet  diameter.. 
8X  1  feet 


Gaa  evolved. 


Carbonic  acid  and  steam. 
do 


do 
do 
.do 
.do 
.do 
.do 
.do 


Temperature 
dTair. 


Temperature 
of  eprisg. 


' 


68°  F. 

160OF. 

68 

184 

68 

154 

68 

188 

6ft 

180 

68 

191 

68 

186 

68 

19-2 

68 

194 

The  amount  Of  carbonic-acid  gas  given  off  from  these  springs  is 
small,  and,  although  there  is  considerable  bubbling  in  some  of  the 
springs,  it  is  caused  mostly  by  the  escape  of  steam.  This  in  some  is 
enough  to  cause  the  ground  to  tremble  beneath.  All  the  springs  de- 
posit iron.  The  fii*st  three  springs  given  in  the  table  are  on  the  edge  of 
a  pool  of  water  having  a  diameter  of  100  feet  by  50  feet,  in  which  the 
thermometer  stood  at  120^  F.  There  is  also  one  spring  in  the  midst  of 
this  pool  which  was^beyond  reach.  The  bottom  of  the  pool  is  lined 
with  gelatinous  silica,  which  is  coated  with  oxide  of  iron.  The  ed|fe  of 
the  pool  next  the  creek  slopes  to  the  level  of  the  stream  iu  a  series  of 
small  basins  over  which  the  water  flows.  The  creek  itself  is  divided 
into  a  number  of  basins  formed  of  the  deposits,  (mostly  carbonates,) 
and  the  water  flows  from  one  basin  to  the  other,  they  being  at  ditferent 
levels.  These  basins  are  filled  with  a  luxuriant  growth  of  very  bright 
green  confervoidea.  The  temperature  of  the  water  in  the  creek  a  ihort 
distance  below  the  springs  is  140^  F. 

The  two  groups  of  simngs  given  above  have  never  before  beei  de- 
scribed, not  being  in  our  line  of  march  last  year.  There  are  doubtless 
many  more  groups  throughout  the  same  valley  that  have  never  b€«n 
studied  yet,  especially  on  the  eastern  side  of  the  Yellowstone  River,  which 
here  is  not  fordable,  on  account  of  quicksands. 

The  next  group  of  springs  to  which  I  will  refer  is  that  at  Crater  Hills, 
near  the  Yellowstone  Kiver,  about  four  miles  below  our  camp.  This  place 
takes  its  name  from  the  occurrence  here  of  two  high  buttes  or  hills,  one 
of  which  is  150  feet  from  top  to  base,  and  a  second  140  feet.  They  are 
made  up  in  part  of  a  trachytic  tuff  and  hot-spring  deposits,  the  prevail- 
ing color  of  which  is  white,  and  a  red,  due  to  the  weathering  of  the  de- 
posits, which  contain  iron.  All  of  the  springs  are  acidulous  and  contain 
sulphur  as  a  prominent  constituent.  The  principal  spring  is  the  boiling- 
sulphur  spring  near  the  base  of  the  hills.  The  description  of  this  spring 
was  given  in  the  report  of  last  year,  and  I  will  not  delay  to  redescribe 
it.  1  agnin  took  its  temperature,  which  I  found  to  be  178o  F.,  the  air 
being  oS^  F.,  at  about  10  o'clock  in  the  morning.  The  temperature  given 
in  last  year's  report  isl83o.5  F.,  which  was  probably  taken  nearer  the 
center  of  the  spring  than  I  was  able  to  take  it  this  year,  the  water  being 
in  violent  agitation. 

The  next  spring  of  importance  is  a  large  blue-mud  spring  near  the  large 
sulphur  spring,  the  temperature  of  which  (lC4o  F.)  this  year  varies  only  1^ 
from  that  taken  last  year,  when  it  was  103^  F.  All  the  springs  at  this 
locality  are  noticeable,  not  only  for  the  sulphur  they  contain,  but  also  for 
their  alum,  which  1  take  to  be  an  iron  alum.  The  small  stream  to  which 
the  springs  give  origin  is  a  branch  of  Alum  Creek,  and  in  both  the  main 
creek  and  the  branch  the  water  is  strongly  astringent.  A  partial  analy- 
sis of  a  ])iece  of  deposit  from  the  edge  of  the  boiling  sulphur  spring,  made 
by  Mr.  W.  B.  Piatt,  of  the  expedition,  gives  the  following  result : 
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Percent 

23.48 

3.23 

Trace. 

•  *  ««••  •••»«•  •••««■  •»••••  •««•••«•*•   •««•«••  •*••*•   eMwwv*  •••««•  ••«•*«••  •••«* 

Ti»ce. 

ter 

26.71 
ity 1.800 

ct  of  this  analysis  was  to  determine  the  percentage  of  sulphor. 
esent  in  large  amount. 

ip  of  mud  and  sulphur  springs  just  south  of  the  two  springs 
above  was  mentioned  in  last  year's  report,  but  as  the  obser- 
this  year  are  more  complete,  and  include  a  large  number  of 
mil  present  this  group  below. 

springs  at  Crater  Hills. 
General  elevation  above  sea-level,  7,828  feet;  boiling-point,  198^.2  F.  • 


of  spring. 


Aon  of  sprinf2;8 
K  ah  area  of  600 
Teet,  and  vary- 
•ize  from  quo 
I  inches  in  diom- 


leter. 
teter. 


leter. 


leter. 


tringn  occupy  a 
of    aboat    l/'iOO<{ 
feet. 


Temper- 

Tomper- 

atareof 

atureof 

spring. 

air. 

1740  p. 

590  F. 

176 

59 

182 

59 

186 

59 

144 

59 

100 

59 

168 

59 

150 

59 

160 

59 

eo 

59 

148 

59 

176 

59 

180 

59 

90 

59 

162 

59 

166 

59 

1H2 

59 

178 

50 

108 

5!» 

leO 

59 

no 

59 

168 

59 

IfO 

59 

i:>o 

59 

184 

59 

130 

59 

170 

59 

168 

59 

IfM 

59 

106 

59 

154 

59 

188 

59 

KiO 

59 

130 

59 

162 

59 

174 

59 

128 

.59 

120 

59 

106 

59 

176 

59 

146 

59 

186 

59 

168 

50 

174 

59 

178 

59 

172 

59 

90 

59 

158 

'  59 

170 

59 

Remarks. 


The  water  in  this  collection  of  springs  has  * 
milky  hue,  and  the  noise  made  by  them  re- 
sembles that  made  by  a  nombor  of  pots  boil- 
ing simultaneously. 


White-sulphur  spring. 

Clear  spring. 

Thick  greenieh-mud  spring. 

YoUow-mud  spring  in  active  ebnllition. 

A  turbid  pool  bubbling  at  the  edges. 


A  collection  of  greenish-sulphur  springs,  each 
a  few  inches  in  diameter. 

This  spring  was  called  Foam  Spring  last  year. 

Bluish  muttdy  water. 
)  Both  the  sesprings  have  lavender-colored  mud, 
5     and  No.  2  is  in  active  agitation. 


This  collection  of  springs  varies  in  size  fh>m  a 
fow  iuchos  to  four  feet.  The  water  in  the 
mqjority  is  of  a  milky  hue.  In  others  it  it 
yeUow  or  lavender  colored,  and  in  some  U  is 
transparent. 
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HaviDg  completed  observations  on  these  springs,  I  devoted  the  re- 
mainder of  my  time  to  those  near  camp,  which  presented  a  great  deal  of 
interest.  1  was  enabled  to  make  more  accurate  observations  than  were 
made  last  year,  and  was  greatly  assisted  by  Mr.  A.  E.  Brown,  who  do- 
t^^nniiied  the  heights  of  the  mud-geyser  for  me.  The  mud-geyser  is  the 
principal  spring  in  the  group  at  Mud  Volcanoes,  and  was  situated  a  few 
yards  above  our  camp.  It  has  a  basin  of  about  GO  feet  diameter,  sur- 
rounded by  a  rim  that  slopes  inward,  at  an  angle  of  30^,  to  a  funnel- 
shaped  orifice  in  the  center.  This  basin,  which  is  the  basin  proper  of 
the  geyser,  is  made  up  principally  of  clay  and  silica,  and  is  situated  in 
another  basin  which  measures  200  feet  by  150  feet.  The  wall  of  this 
latter  basin  rises  about  8  iieet,  on  an  average,  above  the  level  of  the 
other  basin,  and  between  the  two  rims  there  is  a  deposit  of  clay  which 
has  been  left  by  the  water  and  has  become  hard,  resembling  a  very 
fine  clay  slate.  On  one  side  of  the  outer  basin  there  is  a  small  ravine- 
like opening  cut  into  the  bank,  through  which  water  evidently  flows 
sometimes,  probably  during  the  spring  when  there  is  more  water  in  the 
basin.  In  several  places  on  the  banks  I  noticed  small  holes  lined  with 
sulphur  from  which  the  steam  escai)es.  Besides  the  geyser  there  are 
two  small  springs  at  one  end  of  the  large  basin*  These  springs  are  en- 
tirely independent  of  the  geyser,  and  are  constantly  in  action,  bub- 
bling quietly.  »They  do  not  seem  to  be  affected  in  the  least  by  the 
eruptions  of  the  geyser.  The  following  is  the  description  of  an  ei*uption : 
The  water  gradually  rises  until  the  inner  basin  is  filled,  when  there 
is  noticed  a  bubbling  in  the  center.  Suddenly,  without  any  fur- 
ther warning,  it  becomes  violently  agitated  and  an  immense  mass  of 
muddy  water,  mingled  with  clouds  of  steam,  is  thrown  into  the  air. 
This  action  lasts  a  few  minutes  and  is  followed  by  a  lull,  the  action  not 
ceasing  entirely.  Then  it  recommences  with  renewed  violence,  and  the 
water  fills  the  entire  outer  basin,  the  water  striking  the  banks  in  a  succes- 
sion of  waves.  The  water  is  thrown  up  in  a  succession  of  impulses  that 
follow  each  other  rapidly,  and  sometimes  the  water  is  thrown  obliquely 
and  seems  as  though  it  would  overwhelm  one  standing  on  the  bank. 
The  mass  of  water  and  mud  is  immense.  After  the  maximum  height 
is  obtained  the  jets  become  smaller  and  smaller,  and  the  eruption  ends 
as  suddenly  as  it  began.  It  is  a  very  impressive  sight,  and  the  stop- 
ping is  like  a  calm  after  a  storm.  The  water  of  the  geyser  is  very  muddy, 
and  bluish  in  color,  having  an  acid  reaction,  due  to  the  presence  of  sul- 
phuric acid. 

1  will  transcribe  my  field-notes  below  and  then  give  the  result  in  tabu- 
lar form,  so  that  the  whole  may  be  placed  before  the  eye  at  once. 

August  11. 

4.02  p.  m. — The  temperature  of  water  in  the  basin  is  140^  F.  arid  the 
air  5(P  F. 

4.37  p.  m. — The  water  is  rivSing  rapidly  and  there  is  considerable  bub- 
bling in  the  center  of  the  basin,  the  temperature  remaining  the  same. 

4.42  J),  m.  to  4.52  p.  m. — The  water  is  still  rising  and  flows  in  currents, 
giving  it  a  variable  temperature  of  140^  F.  tx)  180^  F. 

5.02  p.  m. — The  temperature  is  still  180^  F.  at  the  edge,  although  in 
the  center  it  must  be  considerably  higher.    It  is  still  in  ebullition. 

5.04  [).  m. — The  erui)tion  commences. 

5.10  p.  m. — There  is  a  lull  in  the  action. 

5.14  p.  m. — The  maximum  (40  feet)  is  attained. 

5.17  p.  m. — The  eruption  ends  and  the  water  at  the  edge  of  the  basin 
has  a  temperature  of  172^  F. 
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5.52  p.  m-— Temperature  of  water  is  148o  F.  and  the  air  48^  F.  The 
water  is  four  feet  lower  than  it  wks  during  the  eruption,  and  the  sides 
of  the  basin  are  shown  sloping  inward.  Several  steam-vents,  not  seen 
before,  are  now  made  apparent.  The  surface  of  the  water  is  quite  x>lacid, 
save  in  the  center,  where  a  slight  bubbling  takes  place.  The  water  seems 
to  be  rising  slowly. 

6.37  p.  m. — The  water  has  risen  one  foot  since  the  last  observation 
and  is  still  rising. 

7.37  p.  m. — ^Tbe  water  is  now  six  inches  above  the  level  last  observed. 

9.35  p.  m. — The  eruption  commences. 

9.48  p.  m. — ^The  eruption  ends.  The  maximum  height  was  estimated 
at  20  feet,  it  being  too  dark  to  take  any  angles. 

Atigmt  12. 

6.19  a.  m. — ^The  geyser  has  evidently  had  an  eruption  during  the  night. 
The  basin  is  full  and  the  center  in  ebullition. 

6.31  a.  m. — ^Tbe  eruption  commences. 

6.  35  a.  m. — ^There  is  a  lull. 

6.42  a.  m. — ^Tbe  eruption  ends.  The  maximum  height  was  25  feet,  and 
I  noticed  that  the  ground  shook  beneath  me  while  the  eruption  was  go- 
ing on. 

10.19  a.  m. — The  temperature  of  the  water  at  the  edge  of  the  basin 
is  1480  F.  and  the  air  is  60^  F.  The  center  is  bubbling,  and  a  black, 
oily  substance  floats  on  the  surface. 

10.29  a.  m.— The  temperature  of  the  water  is  fix)m  140o  F.  to  180^  F., 
and  it  is  rapidly  filling  the  basin. 

10.49  a.  m.— The  eruption  commences. 

10.55  a.  m. — ^There  is  a  lull. 

10.58  a.  ni. — ^The  maximum  (18  feet)  is  attained. 

11.02  a.  m. — The  eruption  ends. 

11,08  a.  m. — The  temperature  at  the  edge  of  the  basin  is  17(P  F. ;  air, 
60^  F.    The  water  has  fallen  a  foot  already. 

11.15  a.  m.— Water,  150^  F. ;  air,  60o  F.  The  water  has  fallen  eighteen 
inches. 

11.20  a.  m. — ^The  water  has  fallen  five  inches  since  the  last  measure- 
ment. 

11.24  a.  m.  to  11.29  a.  m. — The  water  still  has  a  temperature  of  150^ 
F.,  and  has  fallen  2  feet  10  inches. 

11.39  a.  m. — ^The  water  has  fallen  3  feet  2  inches  since  the  eruption 
ceased,  (lowest  point.) 

11.49  a.  m. — The  water  is  rising  slowly. 

2.39  p.  m. — ^The  water  is  within  one  foot  of  the  top  of  the  basin  and 
babbling  in  the  center.  Its  temperature  near  the  edge  is  146^  F.,  the 
air  still  being  60o  F. 

3.14  p.  ni. — Temperature  outside  the  rim  of  the  basin  is  125°  F. 

3.15  p.  m. — ^The  eruption  commences. 
3.21  p.  m. — ^There  is  a  lull. 

3.25  p.  m. — The  maximum  (22  feet)  is  reached. 
3.27  p.  m.— rThe  eruption  ends.    Temperature  of  water  at  edge  of 
basin  170o  F. 

7.39  p.  m.— The  eruption  commences. 

7.44  p.  m. — There  is  a  lull. 

7.48  p.  m. — ^The  maximum  (19  feet)  is  reached. 

7.51  p.  m. — The  eruption  ends. 
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Mr.  Sloaae  took  observatioiie  of  two  ernpttons  od  Aagnst  9,  as  foUows : 

12.40  p.  m. — EniptioD  oommeiices.    ' 

12.47  p.  m.— Lull. 

12.49  p.  m. — Maxiinnm  eetimated  at  25  feet 

12.52.30.  p.  m. — Eruption  duds. 

4.58  p.  m. — Eruption  commences. 

5.04  p.  m.— Lull. 

5.07  p.  m. — Maximum  estimated  at  30  feet 

5.11  p.  m. — Eruption  ended. 

The  tollowiug  table  gives  tlie  resaltof  these  o 
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Aveni{;e  length  of  eraptiDU 0     12  26.76 

Average  interval  between  emptiooH 4    11  6 

AvetH)^  interval  bettreeo  commencement  sndlnll {>  34.38 

Average  interval  between  lall  and  nnuimam 3  30 

The  remainder  of  the  springs  at  Mud  Volcanoes  I  will  give  in  a  table, 
as  I  did  those  of  Grater  Hills. 

Last  year,  when  at  this  locality,  we  noticed  that  tlie  trees  near  the 
Giant's  Caldron  had  their  brancos  coated  with  mud,  and  the  question 
was  raised  as  to  bow  the  mud  got  there,  we  concluded  that  the  geyser 
sometimes  ejected  its  contents.  .  This  year,  however,  iDvestigation 
seemed  to  prove  that  the  mud  is  carried  up  mechauically,  mixed  with 
the  steam  that  is  constantly  rising  from  the  culdron,  and  that  the  spring 
never  has  any  eruptions.  We  were  led  to  this  opinion  first  by  noticing 
that  it  was  only  the  under  side  of  the  branches  that  held  the  mud.  Mr. 
Holmes  then  placed  some  dead  branches  in  sach  a  position  that  the 
steam  came  upon  them  and  in  a  few  hours  they  had  a  coating  of  mnd. 
Again,  some  of  the  trees  on  which  the  branches  are  coated  are  living, 
which  would  hardly  be  the  case  bad  they  received  the  mad  from  an  cmp- 
tioii.  Another  reason  also  is  found  in  the  fact  that  the  surface  of  the 
spring  is  constantly  agitated,  which  is  rarely  or  never  the  case  with  a 
true  geyser.  Still  in  the  past  it  may  have  been  a  geyser  aud  had  regular 
eruptions. 
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CHAPTER  IV. 

GEYSER-BASINS  OF  FIRE-HOLE  RIVER. 

We  left  Mnd  Volcanoes  on  the  13th  of  August  and  started  for  the 
lower  geyser-baBin  of  Fire  Hole  River.  Our  course  at  first  led  us 
Dp  au  open  valley  that  once  formed  part  of  the  aucient  bed  of  Yellow- 
stone  Lake.  At  the  head  of  the  valley  we  stiuck  our  eld  trail  of  last 
year,  which  we  followed  until  we  reached  the  east  fork  of  the  Fire-Hole 
River.  The  divide  between  the  Yellowstone  River  and  the  Fire-Hole 
River  at  this  point  is  8,164  feet  above  sealevel.  The  summit  seeins  to 
be  mftde  up  mostly  of  obsidian,  which  is  all  porphyritic.  The  timber  is 
BO  thick  that  it  is  difficult  to  trace  the  conDection,but,  as  wedesceud,  we 
come  across  trachytes  that  seem  to  underlie  the  obsidian.  It  is  very 
compact  and  poriihyritic,  containing  crystals  of  sanidine.  The  general 
color  is  a  light  blue,  approaching  violet.  It  iB  through  these  trachytes 
that  the  headwaters  of  the  Madison  cut  their  cbaunels.  Kear  the  sum- 
mit, on  the  Madison  side  of  the  divide,  there  is  au  old  hot-spring  basin  in 
which  the  springs  are  now  all  extinct,  although  there  are  a  great  many 
steam -vent  8  from  which  steam  still  escapes;  these  vcuts  are  lined  with  sul- 
phur. Besides  sulphur  the  deposits  consist  mainly  of  silica  and  iron. 
The  descent  from  the  divide  is  very  steep  and  rocky,  and  through  thick 
timber,  agreat  deal  of  which  is  dead  and  fallen.  The  valley  of  the  east 
fork  of  the  Madison  or  Fire-Hole  at  the  poiut  wc  reached  it  is  very 
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marshy  and  full  of  springs,  which  caase  tho  water  in  the  stream  to 
have  a  temperature  of  some  degrees  more  warqath  than  the  air.  We  fol- 
lowed the  river  to  within  some  four  miles  of  the  lower  geyser- basin, 
and  camped  at  a  level  some  8G7  feet  lower  than  the  divide  and  452  feet 
lower  than  our  camp  (No.  12)  at  Mud  Volcanoes,  having  traveled  nine- 
teen miles.  Some  of  the  paity  who*  had  preceded  us  a  day  came  into 
Ciimp  in  the  evening  and  rei>orted  that  they  had  met  the  advance- 
party  of  the  Snake  Eiver  division  of  the  expedition,  under  Mr.  Steven- 
son, so  the  following  morning  we  moved  down  into  the  lower  basin,  and 
in  the  evening  found  that  the  main  body  of  the  Snake  River  division 
were  encamped  within  a  mile  of  us,  having  got  in  about  the  same  time 
we  did.    The  next  day  they  moved  their  camp  and  joined  us. 

On  the  wa3'  from  camp  we  passed  a  number  of  unimportant  springs, 
which  I  will  incorporate  in  the  catalogue  appended  to  my  report.  I  shall 
devote  but  little  space  to  the  springs  of  the  lower  geyser-basin,  as  they 
were  referred  to  at  length  in  the  report  last  year.  During  the  three  days 
and  a  half  that  I  wa«  in  the  lower  geyser-basin  this  year,  I  was  occupieil 
most  of  the  time  in  packing  specimens  to  be  sent  to  Virginia  City,  so 
that  I  was  able  to  \isit  but  one  group  of  springs.  As  this,  however,  is  a 
typical  group,  I  will  insert  the  description.  They  are  situated  just  south 
of  camp  in  an  open  space  bounded  on  two  sides  by  timber,  while  the  front 
looks  out  into  the  main  oi)en  basin.  They  occupy  a  space  of  a  little  over 
3,000  sciuare  yards.    The  springs  Jire  as  Ibllows: 

Gourd  Spring. — This  spring  was  named  from  its  shape.  It  is  in  the 
center  of  a  large,  circular  mound  of  siliceous  material,  and  is  15  feet  long 
by  10  feet  wide  and  12  feet  in  depth.  The  bed  of  the  small  stream,  car- 
rying 'dwixy  the  overflow  from  the  spring  is  coated  with  iron,  and  a  short 
distance  below  we  find  the  gelatinous  material  that  we  see  in  so  many 
of  the  springs  that  have  a  low  temperature.  The  temperature  of  the 
water  in  the  spring  was  171^  F.;  air,  02°  F.,  at  9  a.  m. 

Thud  Spring, — This  spring  is  375  feet  southwest  from  the  Gourd,  and 
measures  18  ieet  by  10  feet.  The  depth  varies  from  8  to  13  feet.  This 
of  course  refers  only  to  the  basin  of  the  spring,  as  at  the  bottom  there 
are  orifices  the  depth  of  which  cannot  be  ascertained  by  the  line.  Thei-e 
seem  to  be  three  centers  of  ebullition,  two  of  which  are  very  active.  At 
intervals  of  a  few  minutes  there  seems  to  be  an  accumulation  of  steam, 
the  escape  of  which  shakes  the  ground,  making  a  thud  like  noise,  whence 
its  name.  On  looking  into  this  spring  the  water  seems  to  have  an  inky- 
green  color,  and  had  a  temperature  of  192°  F.;  air,  02^  F.,  at  9.30  a.  m. 

Oal'  Leaf  Sjmng. — This  spring  is  345  feet  north  of  the  spring  next 
described.  The  deposit  fibout  it  has  a  gray  color,  and  the  margin  of 
the  spring  has  the  appearance  of  being  fnnged  with  oak-leaves.  The 
spring  is  about  G  feet  in  diameter  and  15  feet  deep.  The  water  appears 
of  a  greenish  color  and  has  a  temi)erature  of  VJ4P  F.;  air,  04°  F.,  at  10.35 
a.m.  About  7  fe^t  from  this  spring  there  is  a  small  cone  of  2  feet 
diameter,  rising  five  inches  above  the  surrounding  level.  Thetemi)e- 
ratnre  of  tho  water  in  this  cone  was  100^  F. 

Fungoid  Spring, — This  spiing  is  140  feet  west  of  the  Thud  Spring,  and 
345  feet  south  of  the  spring  described  above.  The  basin  of  this  spring 
measures  13  feet  by  17  feet  and  averages  C  inches  in  depth.  The  de- 
posit is  i>iire-white  siliceous  sinter,  giving  it  the  appearance  of  a  marble 
basin.  In  the  center  of  this  basin  there  is  another  5  feet  in  diameter  and 
7  feet  deep.  Ilere  the  water  has  a  greenish  tinge,  which  forms  a  pretty 
contrast  with  the  white  rim  outside.  The  spring  has  a  margin  of  the 
siliceous  material  that  resembles  a  row  of  fungoid  growths  on  short  pe- 
destals. There  arC  two  small  streams  proceeding  from  the  spring,  which 
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are  lined  with  oraDge-colored  deposit.  Surroanding  the  spring,  there  is 
a  large  amount  of  siliceous  sinter,  forming  a  mound,  as  is  the  case  with 
the  other  springs  of  vhe  group.  The  temperature  of  the  water  in  the 
spring  is  lG2o  F.;  air,  64^  F.,  at  11.05  a.  m.  Near  the  spring  there  are 
two  small  hole«,  in  which  the  water  is  at  190^  F,  and  180^  F. 

Kidney  Spring. — This  spring  is  very  irregular  in  shape,  and  consists  of 
two  arms  that  are  almost  at  right  angles  to  each  other.  The  length  one 
way  is  19  feet  and  the  other  15  feet,  the  average  width  being  about  6  feet. 
The  depth  is  about  1  foot.  The  spring  is  fringed  with  large  scallops, 
each  one  of  which  is  made  up  of  smaller  scallops.  There  are  three  fissure- 
like centers  of  ebullition  in  which  the  thermometer  records  184^  F.,  lOQo 
R,  1840  F.;  air  at  64o  F,  at  11.10  a.  m.  The  spring  is  180  feet  northwest 
of  the  Oak  Leaf. 

Cliff  Spring. — This  spring  is  240  feet  southeast  of  the  spring  last 
described  and  122  feet  east  of  the  Oak  Leaf.  It  measures  4  feet  by 
8  feet  and  is  5  feet  in  depth.  The  deepest  portion  is  at  one  end  of  th/e 
spring,  where  there  is  a  cavernous  oi>ening,  overhung  by  a  scalloped 
edge.  The  water  here  is  of  a  light-green  color.  At  the  other  end  there 
is  a  rugged  fissure,  to  which  the  edge  of  the  sx>ring  slopes  from  the  sur- 
face, having  the  form  in  miuiature  of  cliffs.  These,  above  the  water, 
have  a  brown  color  and  below  a  deep  purple.  The  temperature  of  the 
water  is  from  102©  F.  to  195o  F.;  air,  04o  F.,  at  11.45  a.  m.  Tbe  overflow 
of  water  finds  its  way  from  the  spring  over  an  orange-colored  bed. 

Jug  Spring  is  123  feet  southeast  of  the  Cliff  and  150  feet  east  of  the 
Oak  Leaf.  It  measures  4  feet  by  5  feet  and  is  3  feet  deep.  Its  tempera- 
ture was  1880  F.;  air,  64°  F.,  at  12.00  p.  m. 

Stirrup  Spring  is  8  feet  by  9  feet  and  5  feet  deep.  There  are  two 
holes  in  the  bottom  of  this  spring  from  which  the  steam  escapes, 
and  a  fissure  also,  which  makes  the  spring  resemble  the  bead  of  an  old 
woman  with  a  cap  on,  the  scalloped  edge  of  the  spring  representing 
the  ruffles  of  the  cap  and  the  fissure  the  mouth,  while  the  other 
Kteiim-vents  represent  the  eyes.  The  temi>erature  of  the  water  was  188^ 
F.;  air,  64^  F.,  at  12.35  p.  m.  There  are  two  small  holes  near  this  spring 
in  which  the  thermometer  records  182^  F. 

Lone  Spring. — This  spring  is  some  distance  northeast  of  the  other 
springs  of  the  group,  and  is  on  the  side  of  a  hill  some  40  feet  higher. 
It  is  4i  feet  in  depth  and  measures  9  feet  by  10  feet.  Its  temperature 
at  8.30  a.  m.  was  186^  F.,  the  air  being  G2o  F. 

The  general  elevation  of  the  group  just  described  is  7,1G2  feet  above 
sea-level,  the  boiling-point  being  about  199^.3  F,  All  the  springs  are 
somewhat  globular  in  shape,  widening  below  the  surface,  having  over- 
hanging edges,  and  narrowing  below  to  fissures  or  tube-like  orifices. 
They  all  belong  to  the  class  of  springs  that  are  constantly  agitated, 
and,  although  this  agitation  is  greater  at  some  times  than  at  others,  I 
doubt  if  any  of  the  springs  in  the  group  ever  project  a  column  of  water 
into  the  air. 

The  area  of  the  lower  geyser-basin  is  about  thirty  square  miles,  and 
although  it  contains  a  far  larger  number  of  springs  than  the  upper  ba^in, 
there  are  not  so  many  true  geysers,  and  the  water  is  not  thrown  as  high 
into  the  air  as  in  the  upper  basin.  The  geysers  of  the  lower  basin  that 
have  been  seen  to  spout  30  feet  or  upwards  are  the  "Great  Fountain,'' 
"  The  Fountain,''  the  "  Steady  Geyser,"  "  The  Jet,"  and  two  small  gey- 
sers not  named,  which  are  a  few  yards  below  the  Fountain.  Having  had 
no  time  while  in  the  lower  basin  to  visit  these  geysers,  I  will  here  insert 
the  following  excellent  description,  kindly  furnished  me  by  Mr.  Holmes, 
artist  to  the  survey : 
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During  our  somewhat  protracted  stay  in  the  lower  basin,  I  fonnd  time  to  obsenre 
pretty  carofiilly  all  the  geysers  of  any  considerable  importance.  Among  the  six  or 
eight  which  throw  columns  of  water  to  the  height,  say,  of  30  feet,  there  is  only  one  that 
|)oss(>H8esthe  dignity  and  grandeur  of  the  great  geysers  of  the  upper  basin.  Although, 
u\  some  res])cct8,  it  is  much  inferior  to  its  more  popular  rivals,  in  others  it  is  cer- 
tainly BU])erior.  In  approaching  the  crater  of  this  geyser  the  observer  is  not  at  first 
impressed  with  its  importance,  as  the  outer  rim  of  the  basin  or  rather  table — in  the 
center  of  wliich  the  tiasuro  is  situat<;d — is  raised  but  two  or  three  feet  above  the  gene- 
ral lev<-1.  This  elevated  part  I  shonld  estimate  to  be  upwards  of  120  feet  in  diameter, 
and,  with  the  exception  of  the  crater,  it  is  built  np  nearly  to  a  level  with  the  bonier. 
The  surface,  formed  entirely  of  siliceous  deposit,  is  diversified  by  an  infinite  number  of 
forms  and  colora.  The  depressed  parts  in  some  places  are  so  level  and  white  and  liard 
that  a  name  could  be  engraved  as  easily  and  as  well  as  ui>on  the  bark  of  a  beech-tree. 
In  oth(;r.s  tlicreare  most  exquisitely  modeled  basins  and  jtockets,  with  ornamented  rims 
and  filled  with  perfectly  transparent  water,  through  which  thousands  of  white  pebbles 
of  geyserite  could  be  seen  lying  in  the  white,  velvety  bottoms.  Rising  above  the  gen- 
eral level  are  innumerable  little  masses  and  nodes  of  caulifiower-like  and  beaded  silica, 
standing  out  of  the  shallow  water  like  so  many  islands.  Those  near  the  crater  swell 
into  vt>ry  large  rounded  mass«^.  The  whole  sui-face  is  so  solid  that  I  walked,  by  step- 
ping from  one  elevation  to  another,  up  to  the  very  brink  of  the  fissure,  where  I  looked 
down  with  no  little  apprehentiiou  into  the  BiHithing  caldnm,  where,  1*2  or  15  feet  below, 
was  a  niai^s  of  dark-green  water  in  a  state  of  constant  agitation^  threatening  an  erup- 
tion. The  crater  is  about  10  feet  in  diameter,  lined  with  an  irregular  coating  of  beaded 
silica.  The  water  soon  began  to  rise,  plunging  from  side  to  side  in  great  snrgos,  send- 
ing up  masses  of  steam  and  omitting  angry,  rumbling  sounds.  This  demonstration 
caused  a  ))recipitatc  n^trcat,  on  my  part,  to  the  border  of  the  basin,  thinking  that  I 
could  a])])reeiate  the  beauties  of  a  scalding  shower-bath  better  from  that  point  of  view. 

An  irregular  mass  of  water  was  thrown  into  the  air  in  the  utmost  confusion,  spread- 
ing out  at  every  angle  and  whirling  in  every  direction,  some  jets  rising  vertically  to  the 
height  of  (><)  or  tHO  feet,  then  separating  into  largo  glistening  drops  and  falling  back  into 
the  whirling  mass  of  wat'cr  and  steam  ;  others  shooting  at  an  angle  of  4;')°  and  falling 
upon  the  islands  and  pools  30  or  40  feet  from  the  base.  The  eruptive  force,  for  a  mo- 
ment, dies  away  and  the  water  sinks  back  into  the  tube.  Then,  with  another  tremen- 
dous efi'orr,  a  second  body  of  water  is  driven  into  the  air,  but  with  a  motion  so  much 
more  sin)])le  than  before  that  the  whole  mass  assumes  a  more  regular  form  and  is  like 
u  great  iountain  with  a  thousand  jets,  describing  curves  almost  equal  on  all  sides  and 
forming  a  symmetrical  whole  more  varied  and  more  grand  than  any  similar  work 
by  man.  The  intermittent  action  continues  for  nearly  an  hour,  but  is  so  constantly 
(flanging  that  at  no  two  moments  during  that  time  are  the  forms  or  movements 
the  same.  The  eruptions  arc  repeated  at  irn^gular  intervals  of  a  few  hours  and 
an^  not  known  to  vary  essentially  from  the  manner  of  action  here  described;  yet 
I  h!iv(^  godd  n'ason  to  l)elieve  that  at  certain  times  there  is  a  much  greater  exlii- 
bition  of  ])Ower.  It  must  be  borne  in  mind  that  all  the  elevations,  such  as  the 
tubes,  rims,  :ind  mounds  about  the  erater  of  a  geyser,  are  built  by  the  evaporati<m  of 
the  water,  and  the  portion  of  snrfaee  ccjvered  by  tht^  bead<Ml  silica  indicates  pivcisely 
the  area  over  w  Inch  the  erui»ted  water  falls.  In  no  c:ise  did  1  observe  the  water  fall  out- 
side oi'ii  einh;  of  00  feet  in  diamet<>r,  and  the  additional  for(?e  necessary  to  scatter  it  over 
twice  that  amount  of  surface  must  pro«luce  a  display  truly  magniiieeut.  That  this 
disjjlay  acttnally  oecui"s  is  attested  by  one  of  our  mountaineers  and  almost  demon- 
strated by  the  extent  of  the  beaded  surlace.  During  the  earlier  part  of  the  eruption 
a  eonsiclerablo  quantity  of  water  fiows  over  the  rim  and  down  the  sides,  wheieit  has 
fiirmed  a  series  of  basins  somewhat  similar  in  form  and  color  to  those  at  the  springs  on 
Ciardiiirr's  Kiver.  Falling  from  one  to  another  of  these  it  passi's  ofi'  down  the  slope 
and  ji)ins  a  large  stream  of  hot  water  which  issues  from  a  steady  spiing  not  far  away. 

A  lew  hnndi<'<l  yards  farther  up  the  ravine,  and  on  the  opposite  side  of  the  creek,  I 
diseoven  jI  a  small  spring  that  deserves  in  a  (jniet  way  to  be  one  of  the  grea*  attrac- 
tions of  this  :itlractive  region.  It  is  isolated  frc»m  the  neighboring  s])rings  and  nestled 
in  against  an  abrupt  bank,  so  obscnr»'<l  by  tall  jjincs  Ih.nt  the  visitor  is  liable  to  j»ass  it 
by  nnin'ticed.  In  approaching  from  the  creek  I  ])assed  nj)  a  gradually  at-cending  slope 
down  which  the  water  Hows,  covering  in  its  meandttrings  more  thanan  acre  of  ground 
and  leaviijg,  wherever  it  ttiuches,  brilliant  streams  of  color.  About  a  hnndre<l  yards 
from  the  crii'k  I  came  upon  the  spring,  the  waters  of  whirh  slan<l  nearly  on  a  bvel 
with  tlic  surrounding  surface.  Approaching  the  border  1  looked  down  into  the  blue, 
mysti'rious  di'ptli  autl  watched  the  large  bubbles  of  steam  slowly  rising  to  the  surface 
and  passing  olF  into  the  air.  The  larger  of  th(<se  bubbles  would  lift  up  a  considerable 
quantity  of  water  sometimes  to  the  height  of  3  or  4  feet,  producing  a  kind  of  spas- 
modic bt»iling  and  dashing  a  sncressi<m  of  waves  against  tlie  rim.  Tlie  spring  is  sur- 
i^nnded  by  an  irregular  rinj  which  stands  a  few  inches  above  the  general  lev(d  of  the 
wat»'r.  TIk-  basin  is  W  feet  long  and  10  fec't  wide,  one  end  being  narrower  and  ]»ar- 
tially  separated  from  the  main  basin  by  an  irregular  row  of  beaded  islands  and  pro- 
jections. 
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AltboDgh  the  sprioj;  and  basin  are  very  cbaste  and  delicate  in  form  as  well  as  color, 
there  are  other  springs  more  beantifiil  in  those  respects.  But  when  I  ascended  the 
bank  and  looked  down  npon  the  spring  and  it«  surroundings,  I  concluded,  without  the 
least  hesitation,  that  I  had  never  seen  anything  so  uniquely  beautiful.  On  the  upper 
side  of  the  spring,  next  to  the  bank,  the  water  in  overflowing  ran  into  large  shallow 
pools,  painting  whatever  it  touched  with  the  colors  of  the  rainbow.  Beds  of  rich,  creamy 
white  and  rich  yellows  were  interlaid  with  patches  of  siennas  and  purples,  and  di- 
vided up  and  surrounded  by  the  most  fantastic  patterns  of  delicate  gruyH  and  rich 
browns.  On  the  side  next  the  creek  the  running  water  has  made  a  net-work  of  streams. 
In  those  where  the  water  is  still  hot,  the  colors  are  bright^  varying  from  a  creams' 
white  to  the  brightest  yellows,  but,  as  the  water  becomes  cooler,  farther  down,  the 
colon  grow  darker  and  richer,  the  siennas  greatly  predominating,  while  the  basins 
of  the  larger  pools  are  stained  with  still  darker  colors,  frequently  of  a  purple  tint  and 
reflecting  the  picturestpie  groups  of  pines  on  their  dark  surfaces.  Scattered  irregularly 
over  the  whole  surface  are  numberless  little  areas  of  dry  deposit,  from  which  the 
brighter  tints  have  faded  but  which  still  retain  such  a  great  variety'  of  purple  and 
blue  grays  that  the  harmony  of  the  whole  field  of  color  is  complete. 

Mr.  Holmes,  in  bis  description  of  the  Great  Foautain,  refers  to  the 
pebbles  of  geyserite  in  the  pocket-like  depressions  •  surroanding  it. 
These  pebbles  vary  in  size  from  that  of  a  pea  to  two  or  three  inches  in 
diameter.  They  are  made  up  of  concentric  layers.  The  following  an- 
alysis which  I  have  made  will  give  their  composition : 

Analysis. 

Per  cent 

LoosatlOCFC 3.75 

Loss  on  ignition 5.25 

Silica 88.60 

Alumina  andiron 1.60 

Lime< 0.95 

Magnesia Trace. 

Soda* Trace. 

Potash* Trace. 

Lithia* Trace. 


100.15 


Farther  up  the  ravine,  at  the  mouth  of  which  this  geyser  is  situated, 
is  a  group  of  springs  around  which  the  deposit,  instead  of  being  white, 
as  in  the  case  of  other  springs,  is  black.  These  springs  were  referred  to 
in  the  report  of  1871,  page  184.  I  have  made  an  aftalysis  of  this  de- 
posit and  find  it  to  consist  as  follows : 

Analysis. 

Per  cent 

LowatllOoC.  2.66 

Lo«8  on  ignition 6.33 

Silica 82.80 

Alomina 5.64 

Iron 1.49 

Lime 2.13 

Bfagnesia Trace. 

Soda*  Trace. 

Potash* Trace. 

Manganese* Trace. 

101. 05 


The  color  of  the  specimen  I  believe  to  be  due  to  the  largo  amount  of 
organic  matter  included  in  the  above  analysis  under  the  loss  by  igni- 
tion. 

There  was  one  quite  large  group  of  springs  in  the  lower  basin,  during 
the  summer,  which  escaped  our  notice  during  the  season  of  1871.    For  a 

*By  spectroscopic  examination. 
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fall  (lescrii)tion  of  it  I  refer  to  Professor  Bradley's  report  A  specimen 
from  this  g:roiip  was  banded  to  me  for  analysis.  Composition,  irregular ; 
color,  rusty  brown;  fracture,  conchoidal;  luster,  vitreous;  hardness, 
5.5-6, 

Analysis. 

Feroent 

Lo8s  at  110°  C 4.00 

Loss  ou  ignition 5.75 

Silica 85.85 

Iron  and  alumina 1.94 

Lime L85 

Magnesia 0.30 

Soda* Trace. 

PotaAsa*   Trace. 

Lithia* Trace. 

99. 69 


The  Fountain  Geyser  is  the  second  in  importance  in  the  lower  basin,  and 
is  ceutrally  situated.  It  is  on  a  slight  eminence,  and  from  it  the  deposit 
slopes  gradually  toward  the  river,  studded  with  innumerable  spriugs. 
TliivS  geyser  was  fully  described  in  the  report  for  1871,  so  1  will  pass  it 
by  here.  Back  of  the  Fouutain  are  the  Mud  Pufts,  which  were  also 
fully  described  last  year.  I  wish  to  insert  here  an  aualysis,  by  Dr.  End- 
licb,  of  a  ])ink  mud  from  this  locality.  A  portion  of  the  silica  is  doubt- 
less combined  with  some  of  the  alumina  as  a  silicate. 

Analysis. 

Per  o^nt 

Loss  on  ignition 8.65 

Silica 44.61 

Alumina 45.09 

Magnesia 2.66 

Ferric  oxide , 1.86 

Lime Trace. 

Soda* Trace. 


102.87 


Between  the  Fountain  Geyser  and  the  Mud  Puffs,  we  find  pieces  of 
wood  coated  with  geyserite,  which  assumed  a  beaded  form,  sometimes 
brauching  like  certain  forms  of  coral.  Most  of  the  specimeus  are  trans- 
lucent and  have  a  vitreous  luster.  The  color  is  generally  a  light  pink. 
An  analysis  made  by  me  of  this  form  of  geyserite  gives  the  tbllowing 
result : 

Analysis. 

Per  cent 

Water 10.40 

Silica 88.48 

Alumina  and  iron .S8 

Lime .18 

Magnesia Trace. 

Soda* Trace. 

Potassa* Trace. 

Lithia* Trace. 

99.94 


Wood  may  be  found  in  various  stages  of  silicification,  and  if  the  prob- 
lem can  ever  be  solved  as  to  the  process  of  siliciticati(m,  I  think  a  sojourn 
in  the  geyser-basins  of  Fire-Ilole  River  will  be  of  the  highest  importance 

*  By  spectroscopic  examination. 
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in  nssistinp  as  to  conclaHioDS  upon  the  eabject.    My  Bi>ace  Lere  is  too 
ItDiiretl  to  do  more  tban  refer  to  it. 

The  area  of  the  lower  geyeer -basin  is  about  thirty  Hf)niire  miles,  and 
the  valley  seems  to  be  uuderliiid  by  a  sedimentary,  probably  I'ost  plio- 
cene, Ibrination  of  whirh  part  is  com[)osed  of  bixiken  bits  of  geyserite. 
The  higbeKt  temperaturo  that  was  recorded  is  198°  F.,  bat  there  ia  no 
doubt  that  many  of  the  springs  are  at  the  boiling-i>oint,  (1!>!)°.5  F.,)  it 
being  impossible  to  dete  ne  t  o  u  ountotth  s|>o  tugofth  uter. 
The  general  elevation  of  the  luwe   1  us     abo  e  be    le  el  s     I  ^  feet 


At  the  lower  end  of  the  bas  tl  c  F  e  Hole  It  e  s  lo  «1  b  1  a  rj' 
Fall  Cn-ek,  at  the  head  of  w !  I  the  e  bea  t  f  1  fail  II  I  the  h  ry 
Fall.  This  fall  is  250  f  et  1  gh  nl  the  wnt  r  falls  to  a  bta  t  inl 
lijisiii  at  the  foot  of  a  cliff.  From  the  mouth  of  this  creek  to  the  month 
iiflnm  Spring  Creek,  at  the  lower  end  of  the  upper  geyser-basin,  tlie 
distance  is  five  and  a  half  miles  in  a  bee-line.  Uetweeii  the  two  there 
w  a  large  group  of  springs  that  can  be  included  in  neither,  and  to  which 
ire  gave  the  name  of  the  HaU-AVay  Spiiiigs;  their  general  elevation  is 
l^Wi  feet.  These  springs  were  described  at  length  in  the  report  for 
ls71.    The  illDStratiou(Fig.36a)  by  Mr.  Elliot  shows  one  of  the  v""*^^' 
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pal  springs  in  the  group.  The  peculiar  laiDinatioQ  of  the  deposit  at  the 
edges  16  wel)  shown.  The  elevation  at  the  lower  end  of  the  npper  basin 
is  7,3J1  teet,  and  at  Old  raithfol,  at  the  npper  end,  7,397  feet. 

■On  the  morning  of  Angnst  17  all  the  specimeus  were  sent  to  Virginia 
City  hy  pack-train,  and  in  the  afternoon,  in  company  with  Messrs. 
Browu,  Sloaue,  and  Bingham,  1  proceeded  to  the  upper  basin  to  make 
ohservatiouB  on  its  principal  geysers.  These  are  named  as  follows :  Old 
Faithful,  Bee-Dive,  Giantess,  Uastle,  Grand,  Turban,  Saw-Mil],  Giant, 
Grotto,  the  Riverside,  the  Fan,  and  the  Soda  Geyser.  All  of  these,  save 
the  Giant  and  the  Fan,  were  seen  in  action  this  year.  Our  stay  being 
but  three  days  in  lengrth  necessarily  renders  the  observations  somewhat 
incom]>lete.  There  is  bat  little  doubt  that  a  longer  stay  would  develop 
many  new  geysers.  We  spent  one  day  at  Okl  Faithful,  as  it  s|>outs  more 
frequently  than  any  of  the  others,  and  is  also  at  the  head  of  the  valley, 
making  a  good  starting-point.  I  will  refer  to  them  all  separately  below. 
Old  Faithful. — The  mouth  of  this  geyser  slopes  iuword,  measuring 
outside  8  feet  by  4  feet  and  inside  6  feet  by  2  feet.  It  is  in  a  mound  of 
geyserite  that  risea  11  feet  11  inches  abore  the  surrounding  levnl,  and 
measures  at  the  base  145  feet  by  215  feet  and  at  the  top  5-1  feet  by  20 
feet.  The  mound  is  arranged  iu  a  series  of  small  baains,  rising  oue 
aix>\e  the  other,  in  which  the  water,  beautifully  clear,  stands  after  the 
eruptions.  The  edges  of  these  basins,  as  well  as  the  throat  of  the  gey- 
ser-tube, are  ornamented  with  bead-like  silica.  We  tried  to  sound  the 
depth  of  the  geyser-tnbe,  and  after  letting  out  the  entire  length  of  rope, 
360  feet,  and  withdrawing  it,  we  found  the  end  completely  tangled, 
which  was  the  case  in  every  attempt.  It  was  impossible  to  get  the 
temperature  of  the  water,  for  immediately  after  the  eruption  the  water 
sank  out  of  sight,  and  at  other  times  there  was  so  much  steam  escaping 
that  we  could  not  even  look  into  the  tube.  There  are  four  conical 
mounds  about  Old  Faithful  that  were  probably  geysers  at  some  time  in 
the  itast.  The  eruptions  of  the  geyser  commence  with  a  few  abortive 
attempts,  followed  by  a  rapid  succession  of  jets,  which  soon  reach  the 
maximum,  and  then  gradually  subside  and  are  followed  by  a  slight 
escape  of  steam.  We  measured  a  base-line  of  100  feet,  and  Mr.  Brown 
was  able  to  get  the  heights  of  five  eruptions,  although  there  were  alto- 
gether seventeen  witnessed  during  our  stay,  as  follows : 
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The  Bee  Hive  is  on  the  opposite  side  of  the  river  from  Old  Faithful, 
and  about  300  yards  distant  in  a  northwesterly  direction.  It  is  on  the 
bank  of  the  river  and  recognizable  at  once  by  its  cone,  which  is  3  feet 
in  height  and  almost  circular,  measuring  3  feet  by  4  feet  at  the  top  and 
20  feet  in  circumference  at  the  base.  It  is  coated  with  beautifully 
beaded  formations  which,  in  some  places,  have  a  pearly  aspect.  The 
orifice  at  the  top  of  the  cone  measures  3  feet  by  2  feet,  and  the  line 
dropped  into  the  tube  reaches  a  depth  of  21  feet.  The  eruptions  are 
very  fine,  and  (peculiar  to  this  geyser.  The  water  and  steam  escape 
from  the  orifice  with  great  force  in  a  steacly  stream.  The  average  of  the 
height  of  the  column,  which  is  fan-shaped,  is  very  high,  and,  what  is  the 
curious,  no  water  falls  from  it,  but  it  seems  to  be  entirely  resolved  into 
spray,  which  evaporates  as  soon  as  formed.  Three  eruptions  were  wit- 
nessed, but  all  from  a  distance,  and  we  were  able  to  get  the  height  of 
but  one,  which  was  over  100  feet. 

The  following  table  gives  the  eruptions  we  saw : 


6 


1 
3 
3 


Date. 


AngTDMt  18 

Anicant  19 
AQgu«t20 


o  . 

P.tA 


a 


A.    tn. 

1    39  p.  m. 

3     2  p.  m. 

12    34  p.  m. 


h.    UK    S. 

1  44  00  p  ra. 

3  17  00  p.  lu. 

12  3d  30  p.  m. 


^ 

O  -: 

0 

ft 

a  0 

^S! 

in.  8. 

ft    00 

15    00 

4    30 

•a 
t 

o 

a 


A.   nt. 

•iV'is 

21     17 


The  duration  and  interval  are  both  seen  to  vary,  although  a  greater 
number  of  observations  are  necessary  to  deduce  any  conclusions,  as  there 
may  be  as  it  were  a  sort  of  regular  irregularity. 

Giantess, — This  geyser  is  on  the  same  side  of  the  river  as  the  Bee- 
Hive  and  only  200  yards  from  it.  It  has  a  large  basin,  measuring  23J 
feet  by  32J  feet,  ift  which  the  water  is  63  feet  deep  and  ai)pears  of  a 
green  color.  When  I  took  its  temperature,  two  days  after  the  eruption, 
the  water  was  level  with  the  rim  and  perfectly  quiet,  the  mercury 
recording  192^  F.;  air,  50°  P.,  at  11.50  a.  m.  The  only  time  we  observed 
it  in  action  was  on  the  evening  of  August  18.  The  eruption  commenced 
at  0.56.30  p.  m.,  and  lasted  17  minutes,  starting  again  at  7.43.30  p.  m. 
This  lasted  about  the  same  length  of  time;  at  8.48.30  p.  m.  it  was  fol- 
lowed by  a  third.  The  maximum  height  of  the  water  was  39  feet;  aver- 
age, 30  Veet ;  the  steam  reaching  a  height  of  69  leet.  The  angles  for 
height  were  taken  from  the  end  of  a  base-line  200  feet  in  length.  There 
was  an  immense  mass  of  water  thrown  up  which  surged  and  splashed  in 
all  directions,  with  seventy-three  pulsations  per  minute.  After  the  erup- 
tion the  water  sank  20  feet  in  the  basin. 

Around  the  Bee-llive  and  Giantess  there  is  a  group  of  springs 
in  which  I  took  ten  temperatures,  ranging  from  118°  F.  to  lOO^F.,  the 
average  being  173^.6  F.  Among  them  are  a  number  of  cones,  which  are 
probably  geysers  spouting  at  long  intervals,  although  none  of  them  were 
seen  in  action.  On  one  of  these  I  saw  the  bodies  of  about  a  dozen  mice, 
that  had  the  appearance  of  having  been  scalded  to  death. 

Castle  Geyser  is  farther  down  the  river,  430  yards  from  the  Giantess, 
on  the  opposite  side.  It  has  one  of  the  most  noticeable  craters*  that  is 
found  in  the  basin.  The  cone  is  on  a  platform  meiisuring  75  by  100 
feet  and  3  feet  in  height.  Above  this  platform  it  rises  11  feet  11 
inches.    It  is  120  feet  in  circumference  at  the  base  and  20  feet  diameter 
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on  top.  Tbe  orifice  of  the  geyser-tnbe  is  circalar  and  3  feet  in  diameter, 
and  ita  tbroat  is  lined  witli  large  globular  masses,  of  an  orange-color,  and 
beautifully  beaded,  as  is  seen  so  uuiversally  tbroQfchont  both  geyser- 
basius.  An  crnption  is  as  follows :  It  coumences  witb  a  sncce»eion  of 
jets  of  water,  in  number  nbont  twenty  per  miunte,  which  rise  to  variODS 
heights.  TLeso  last  abont  fifteen  minutes  nnd  are  succeeded  by  steam, 
mingled  with  spray,  which  escapes  with  a  sort  of  pnlsating  ninvement. 
This  soon  changes  to  a  steady  escape.  It  seems  as  though  the  water 
were  exhausted  and  the  steam  was  being  forced  out  as  rapidly  as  pos- 
sible. This  again  changes,  and  the  steam  escapes  in  clond-like  niauscs 
with  a  roaring  sonud,  like  the  eaca|>o  of  steam  from  some  vast  escape- 
pipe,  winch  in  reality  it  is.  This  grndnally  dies  away  and  the  eruption 
is  ended,  having  tasted  abont  an  hour  and  twenty  minutes.  We  wit- 
nessed one  full  eruption  and  parts  of  two  others,  as  follows : 

Firxt  eruption,  Augmt  IS. — Maximam  height,  34  feet ;  mean  height,  31 
feet. 

Second  eruption,  Auguat  19. — 10.3.0  a,   m.,  commencement;   10.6.40 
a,   m.,  maximum  of  water-i)eriod,  height  93  feet;  10,18  a.  m.,  maxi- 
mum of  steam,  height  1 15  feet ;  1 1.25  a.  m.,  end  of  eruption. 
Slenn  heiglit  of  water,  57  feet ;  of  steam,  81  feet. 
Third  eruption,  August  20. — ".a-l  a.  m.,  eruption  began  ;  7.40.20  a,  m., 
eruption  ended. 

We  did  not  see  tbe  beginning  of  the  first  eruption,  and  did  not,  there- 
fore, wait  until  it  was  over.  The  angles  for  height  were  taken  from  the 
end  of  a  base-line  of  100  feet,  measured  fhim  the  center  of  the  orifice, 
and  the  heights  are  above  the  end  of  the  base-line.  Tbe  third  was  wit- 
nessed from  a  distance,  and  the  height, was  not  ascertained.  At  the 
base  of  the  Csistle  there  is  a  spring,  measBring  12  feet  by  7  feet, 
which  bubbles  intermittently.  The  water  was  at  the  boiling-point, 
(19!P:)  air,  (J4or.,  at  11.35  a.  m.  Twelve  feet  from  this  there  is  a  second 
sjuiug  of  the  same  character,  measuring  6  feet  by  3  feet  and  having  a 
teniperatore  of  102°  F.  The  bed  of  tho  stream  flowing  from  these 
springs  is  coated  with  bright-red  oxide  of  iron.  The  water  in  these 
springs  rose  and  fell  repeatedly  during  tbe  eruption  of  the  Castle, 
While  steam  mingled  with  spray  escai>ed  from  tlje   Castle  the  water 

was  out  of  sight  in 
-,  these  springe,  and 
{  when  steam  alone  cs- 
^  caped  they  were  ac- 
I  tive,  spurting  to  the 
I  height  of  3  feet.  The 
I,  pnneipal  spring  near 
\  the  Castle  is  a  largo 
a'  blue  spring,  almost 
icircnlar  in  shape, 
I  measuring  19  by  lil 
■  feet.  It  lia!4  a  most 
I  i-eguhir  and  lieauliful 
|scalloi>ed  etige,  and 
E  looks  as  thongh  it 
were  lined  with  white 
marble.  This  white  basiu  slopes  to  a  large  fnnnel-sbnped  orifice,  which  is 
on  the  side  next  the  Castle.  This  is  40  feet  deep.  The  surface  of  the  water 
is  ]ilaeid  and  appears  of  a  most  intense  blue,  especially  over  the  orifice. 
The  teniperaturi."  of  Iho  water  was  180°  F. ;  air,  58°  ¥.,  at  9.08  a.  m.  Fig. 
37  is  an  illustratiouof  one  of  tho  springs  near  the  Castle,  showing  tbe  ap- 


Fig.  37. 
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pearaDce  of  tbe  crater  when  fhe  water  has  receded  into  the  tube.  A  few 
hundred  yards  8oath  of  the  Castle,  separated  from  it  by  a  tsmall  belt  of 
timber,  there  is  a  group  of  quiet  springs,  ranging  in  temperature  from  100<^ 
F.  to  lOCo  F.,  the  average  being  1710.3  F.  A  number  of  them  are  mud- 
springs,  and  it  is  the  only  place  in  the  upper  basin  where  I  noticed  any 
sulphur.  The  analysis  of  a  specimen  of  blue  clay  from  one  of  these 
springs,  by  Dr.  Endlich,  gives  the  following  result :  ' 

Per  cent 

LoM  by  ignition 15.15 

Sihca 50.70 

Alumina 20.27 

Ferric  oxide 3.95 

Ma|^«Mia 11.55 

Lime Trace. 

Salpburic  acid Trace. 

Chlorine Trace. 

100. 9i 


Chrand  Oeyaer  is  460  yards  from  the  Castle,  across  the  river.  It  is 
situated  at  the. base  of  a  small  hill,  and,  unlike  the  majority  of  the  gey- 
sers, has  no  raised  cone,  but  only  a  basin  sunk  below  the  general  level. 
One  woald  scarcely  take  it  to  be  an  important  geyser,  unless  he  wit- 
nessed one  of  its  eruptions.  The  basin  is  52  feet  in  diameter  and  1  foot 
in  depth.  In  the  center  is  the  mouth  of  the  geysertube,  measuring  4 
feet  by  2  feet.  The  depth  was  not  ascertained.  All  the  eruptions  we 
saw  took  place  early  in  the  morning,  and  we  were  unable  to  get  the 
height  of  but  one,  and  in  order  to  do  this  we  cam^ied  immediately  in 
front  of  it  and  kept  guard  by  turns  through  the  night.  It  did  not 
^x)nt,  however,  until  daylight,  but  we  succeeded  in  ascertaining  the 
exact  height  of  the  column.    The  eruptions  are  as  follows : 

Firnt  entption^  August  18. — 5.20  a.  m.,  eruption  began ;  5.35  a.  m., 
eruption  ended. 

Second  eruption^  August  19. — 3.35  a.  m.,  eruption  began ;  4.12  a.  m., 
eruption  ende<l. 

Third  eruption^  August  20. — 6.33  a.  m.,  eruption  began ;  (S.^iy  a.  m., 
emption  susi>ended;  maximum  height,  122  feet;  mean,  70  feet.  6.42 
a.  m.,  eruption  begiin  again  ;  6.46  a.  m.,  eruption  suspended ;  maximum 
height,  173  feet;  mean,  149  feet.  (S.^(j  a.  in.,  action  recommenced.  7.5 
a.  m.,  eruption  ended;  maximum  height,  84  feet ;  mean,  53  I'eet. 

As  is  shown  above  the  eruption  ccmsists  of  three  distinct  periods  of 
action,  after  each  one  of  which  the  water  sank  comi)letely  out  of  sight, 
and  water  overliowed  from  the  Turban,  which  is  in  close  proximity,  into 
the  tube  of  the  Grand.  The  water  during  the  erui)tion  is  carried  up 
in  a  succession  of  jets,  the  main  mass  of  water  being  large.  Through 
this  a  column  will  shoot  at  intervals  to  the  greatest  height.  Tbe  shape 
of  the  entire  column  is,  therefore,  pyramidal,  broad  at  the  base  and 
ta])ering  to  a  point*.  Immense  clouds  of  steam  accompany  the  water, 
and  the  latter  in  falling  back  shakes  the  ground.  The  third  eruption 
was  not  as  high  as  some  that  were  not  measured.  The  height  must 
sometimes  exceed  200  feet.  The  interval  between  the  lirst  and  second 
eniptioDS  was  22  hours,  and  between  the  second  and  third  26  hours  and 
21  minutes.  During  the  third  eruption  there  were  at  iirst  73  pulsations 
per  minute,  which  afterward  were  reduced  to  71. 

Turban  Oeyser. — Although  this  is  one  of  the  minor  geysers  of  the  upper 
basin,  it  has,  perhaps,  one  of  the  most  uniquely  beautiful  craters.  It 
spouta  very  frequently,  but  as  all  our  time  was  occupied  with  the  more 
important  ones,  we  ascertained  the  height  of  but  one  eruption  and 
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obtained  no  dnta  as  to  the  interval.  The  crater  is  only  a  few  feet  from 
the  Cirauil  Gejuer,  above  which  it  rises  alxiut  3  feet.  It  ia  23  feet  long 
titul  11  feet  wide  and  (i  feet  in  depth.  The  sides  and  bottom  of  this  large 
batiiii  are  covered  with  globular  masses  that  look  like  large  sqaashes 
ur  piiinitkiii».  {Fig.  SH.)  Tbis  resemblance  is  increased  by  their  yellow 
Pig.  3fl_  color.     We   thought 

.  of  naming  it  the 
^  Pnmpkin  Geyser, 
but,  ns  the  name  Tur- 
ban is  perhaps  more 
,  eupbonions  and  some 
f  of  the  masses  aretur- 
I  ban-shaped,  wocalled 
'  ittlieTurbau  Geyser. 
The  orifice  through 
J  which  the  water  rises 
I  is  Kitnated  at  one  end 
I  of  the  basin  and  is 
!l|  irregular  in  shape, 
-  measuring  4  feet  by 
3  feet.  After  the 
eruptions  the  water  sinks  into  the  tube  very  nipirlly,  leaving  the 
entire  basiu  empty.  Preceding  the  eruption  the  basin  fills,  and  the 
mass  of  water  is  so  great  that  it  cannot  be  projected  to  any  great 
height.  It  is  violently  agitated  and  the  escaping  steam  sphisbes  it 
about  in  all  directions. 
The  following  is  the  eruption  we  witnessed : 

Awgitfit  20. — 7.5.30  a.  m.  eruption  began  ;  7.5.45  a.  m.  eruption  ended. 
Maximum  height, 25  feet;  mean  height,  10  feet. 

titticAlill  Qiyser. — Tliis  also  is  one  of  the  smaller  geysers  as  well  as 
one  of  the  jH-ettiest  in  the  basiu.  The  mass  of  water  thrown  up  is  not 
very  great  in  quantity  and  is  so  broken  into  8]»ray  that  it  presents  a 
most  delicate  fountain-like  stream.  I  saw  but  one  eru|)tien  closely,  and 
before  I  hud  time  to  ascertain  the  height  of  the  column,  the  Grand 
Geyser,  wbicli  is  quite  near,  began  to  spout,  and  I  was  obliged  to  leave 
the  Saw-Mill,  During  its  eruption  there  are  uoticed  four  distinct 
periods  of  action  per  minute,  each  one  made  up  of  fifteen  impulses. 
The  main  body  of  water  is  carried  up  about  5  feet  and  then  at  intervals 
a  stream  is  suddeuly  shot  through  tbis  mass  to  the  height  of  about  15 
or  :;0  feet.  1  stood  between  the  geyser  and  the  sun,  and  on  one  side  of 
the  column  there  was  the  half-arch  of  a  rainbow. 

Quint  Gajfcr. — Tbis  geyser  was  not  seen  in  action  by  any  member  of 
the  exi)cditiun  this  year,  although  last  yenr  it  was  one  of  the  most  active 
in  the  gronp.  It  is  51H)  yards  northwest  from  the  Grand  Geyser,  on  the 
opposite  side  of  the  river,  ucar  the  watei's  edge.  It  has  a  rough  cone- 
like crate*,  10  feet  in  height,  measuring  :ii  by  25  feet  at  the  base.  The 
top  is  about  S  feet  in  diameter,  the  oritice  from  which  tlio  water  is  jiro- 
jeetcd  being  about  u  feet  in  diameter.  This  cone  is  situated  on  a  plat- 
form of  gcyscrite,  wbicli  rises  4  feet  above  the  surrounding  level  «ud 
has  a  circunifcix'nee  of  34U  yards.  The  S'>uuding-liue  i-eacbed  a  depth 
of  W  feet  in  this  cone.  On  the  same  platform  there  is  a  second  eone, 
or  rather  a  momid,  232  feet  in  diameter  and  IJ  feet  high,  which  has  two 
oritieos  frum  which  water  spouts  to  the  height  of  12  to  15  fwt  at  irregu- 
lar intervals.  The  hist  orifice  measures  0  feet  by  2J  feet,  and  at  the 
bottom  there  are  two  holes  from  which  the  water  is  projected  siuiulta- 
ucoiLsly.    The  gi-eatest  depth  which  the  line  reaches  here  is  17J  feet. 
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Orifice  No.  2  is  3  feet  above  the  first.  It  is  1  foot  iu  diameter  and  12 
feet  deep.  Besides  these  principal  openings  there  is  a  large  number  of 
smaller  orifices  and  springs  scattered  over  the  platform,  some  of  which 
are  quiet  and  some  of  which  spout.  Some  of  the  temperatures  are  as 
follows :  id4P  F.,  1880  F.,  182°  F.,  198^  F.,  19(Jo  F.,  194°  F.,  18Go  F., 
I960  F.,  1940  F. ;  air,  08°  F. ;  time,  4.25  p.  m.  The  water  in  the  Giant 
seemed  to  be  considerably  agitated,  but  never  reached  a  greater  height 
than  about  3  feet  above  the  top  of  the  cone.  The  platform  is  made  up 
of  successive  layers  of  geyserite,  and  on  the  side  next  the  river  the 
water  has  so  cut  into  it  that  the  layers  are  well  exi)0sed.  They  are 
very  irregular  in  composition,  but  as  a  rule  the  lower  we  go  the  harder 
we  find  them.  In  one  of  the  layers  I  obtained  pieces  that  bore  a 
remarkable  resemblance  to  true  opal,  the  color  and  specific  gravity  being 
that  of  semi-opal  rather  than  geyserite.  The  colors  are  white,  red,  and 
green.  Two  of  these  specimens  were  submitted  to  Dr.  F.  Endlich,  of  the 
Smithsonian  Institution,  who  has  sent  me  the  following  communication 
iu  regard  to  them. 

Washington,  D.  C. 

Dear  Sir  :  I  bave  examined  tbo  specimeBS  from  tbo  Giant  Geyser  that  yon  have 
kindly  submitted  to  me,  and  give  you  herewith  the  results.  From  their  position  at 
the  crater  of  the  geyser,  it  may  be  deduced  that  they  are  older  than  the  geyserite  at 
the  surface.  The  minerals  form  plates  of  about  |  to  1  inch  in  thickness,  lying  horizon- 
tal when  in  position,  and  are  also  distributed  in  irregular  nodules,  bordered  on  all 
sides  by  geyserite.  For  particulars  in  regard  to  locality  I  refer  to  your  report.  The 
varieties  obtained  are  two,  as  follows  : 

No.  1.  —  Structure,  amorphous;  hardness,  C-6.5;  specific  gravity,  2.4903;  color, 
milky  white ;  fracture,  sub-conchoidal ;  luster,  dull. 

Analysis, 

Per  cent 

Loss  by  ignition 1.50 

Silica 95.84 

Ferric  oxide 2. 08 

Soda* , Trace. 

Lithium' Trace. 

Calcium* Trace. 

Alumina Trace. 

Total 100.02 


No.  2. — Structure,  amorphous ;  hanluoss,  6-C.5 ;  specific  gravity,  2.0816 ;  color,  light- 
greenish  brown  ;  frjicture,  conchoidal ;  luster,  vitreous.    Water,  0.3  per  cent. 

Comparing  with  quartz,  opal,  and  geyserite,  we  find  the  position  of  this  mineral  as 
follows : 


Quartz 

Specimen  No.  1 
Specimen  No.  2 

Opal   

Geyserite 


Hardness. 


7  0 
6. 0-0. 5 

6.  o-r».  5 

6.5-0.5 
5.0 


Specific  gravity. 


Percentage  of  |  Percentage  of 
silica.  water. 


2. 

5-2.8 

2.4 

2. 08 

1. 

9-2. 3 

1. 

8-2.0 

99 
95 


93 

87 


0.3 
1.5 
(5.3 

7.00 
10.00 


We  therefore  have  a  mineral  resembling:  in  some  points  serai-opal ;  in  this  case, 
however,  having  bat  little  water,  a  comparatively  high  specific  gravity,  and  an  entiiijly 
new  proceas  of  formation  for  any  mineral,  occupying,  as  it  d(u.>s,  an  intcnnediate  posi- 
tion between  quartz  and  opal.    As  the  characteristic  feature  of  ()j)al  is  the  ])resencc  of 

*  By  spectroscopic  examination. 
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^^ater,  it  must,  in  a  cbcinical  HyRtem,  be  referred  to  that  species ;  but,  taking  into  eon- 
sideratiun  the  s|>ecific  gravity,  the  small  percentage  of  water,  and  the  circnmstance^ 
under  which  thi'  mineral  is  formed.  I  wish  to  distingnish  it  a«  a  well-defined  8ul><fipe- 
cics  of  opul,  and  propose  to  name  it  ^'  Pcaiitc,^  as  you  were  the  first  to  lind  and  col- 
lect the  mineral. 

Very  respectfully, 

FREDERIC  M.  ENDLICH. 
Dr.  A.  C.  Peale. 

The  following  are  analyses  by  Dr.  Eudlich  of  specimens  from  the  same 
locality.  The  first  is  from  the  top  of  one  of  tbe  cones,  And  is  a  typical 
specimen  of  geyserite.  It  is  one  of  tbe  latestformed  and  iscovered  with 
beautiful  bead  like  processes,  having  a  i>early  luster.  The  second 
specimen  is  also  from  the  Giant  Geyser,  but  is  from  one  of  the  lower 
layers  and  is  much  older.  It  is  opaloid  and  in  layers  some  of  which 
are  white  and  others  red.    The  latter  have  a  flesh-color,  like  raw-beef. 

Analysis  of  specimen  iTo.  1. 

Per  cent 

Loss  en  ignition 13.42 

Silica , 79.56 

Lime 1.54 

Alumina   046 

Magnesia 1.78 

Iron Trace. 

Chlorine   Trace. 

Soda* 1 Trace. 

Total 97.76 

Analysis  of  specimen  JVb.  2. 

Per  cent 

Loss  l)y  ignition 6.^ 

Silica 0-2.64 

Lime 1.03 

Funic  oxide 0.60 

Alumina Trace. 

Ma^^ncsia Trace. 

Soda" Trace. 

Struntia'" Trace. 

Total 100.52 


Fi^.  30  is  an  illustration  of  one  of  the  minor  geysers  of  the  Upper 
BiJsiii. 

The  Grotto  Geyser  is  400  feet  northwest  from  the  Giant,  and  separated 
from  it  by  a  line  of  trees.  There  are  two  cones  which  si)out  alter- 
nately during  the  eruption.  The  larger  one,  which  we  will  call  No.  1,  is 
very  irregular  and  is  8  feet  in  height.  The  tube  from  which  the  water 
is  i)r()je(?ted  measures  G  leet  by  2  leet  and  is  19  feet  deep.  The  other 
cone,  Xo.  2,  is  19  feet  in  diameter  at  the  base  and  14  on  top.  It  is  4 
i'eet  high,  ani  the  orilice  on  top  is  quadrangular  in  shape,  measuring 
5  feet  by  ;>  i'eet.  When  not  in  action  the  water  is  from  10  to  15  feet 
below  tile  top.  The  basin  is  10  leet  deep.  The  entire  length,  including 
both  cones,  is  .V^  leet  and  width  20  feet,  the  centers  of  the  two  being 
30  feet  apart.  The  plan  shown  in  Fig.  40  gives  the  relation  of  the  two. 
Between  them  there  are  two  small  geyser- tubes  which  spout  whenever 
the  main  cones  are  in  action.  The  erui)tions  consist  of  a  series  of  jets 
averaging  about  20  per  minute. 


*  Spectroticopic  examination^ 
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Fint  entpftoN,  Augtut  16. — 2.45  p.  m.,  emption  began ;  3.23  p.  m.. 
emption  ended. 

Cone  "So.  1.  Maximum  height,  32  feet;  mean  Iieigbt,  13  feet. 

Cone  "So.  2.  Maximum  height,  24  feet;  mean  height.  8  feet. 

Second  emption,  AvgvstlO. — 1.27  p.  m.,  eruption  began;  2.40.30  p.  m., 
maximum  of  No.  1,  31  feet;  2.42.30  p.  ui.,  maximum  of  Ko.  2,  41  feet; 
4.0.0.  p.  m.,  eruption  ended. 


^0M 

M|^te-is,'i^  Mt'i 

i>;.' 

^''feiii  '  rtl 

I^^^^MbmqH   I  liiiS  ^  M 

B>v 

>^  ife'      I'fcial 

Pi 

1 

^m-     -'^i^^D 

HBw  MmB 

^Bl 

Up^SJ 

F""  ■'■- 

^l?9 

!Sh 

Bf^^^^Ser  Hyj^^^l 

wSS 

|i  i'HB^^>  -f^^^^B 

^31 

1^ 

rl|^3| 

Hj^ 

J^r  w^^ 

^mm^  D^iif '^^1 

H 

SC#^^^^^A_C" 

W'^''&T'''£in  l^^^l 

^^H 

itlli 

ImmlM 

^H 

^^i  iff  <*( 

r^ A  iW^liB^.<^i(^^^l 

llM 

■ 

:iiiS;ffY,'»BM 

i-\'''---''-¥>^^W 

SK"''1 

Mean  height  of  No.  1, 10  feet ;  of  No.  2, 13  feet. 

After  the  eruption  the  water  sank  rapidly  to  about  20  feet  in  No.  2 
and  15  feet  in  No.  1.  ,       ,  .■  ., 

The  following  table  will  present  the  results  of  the  observations  on  the 
■variouB  geysers  as  made  by  myself.  Other  points  of  interest  will  be 
found  in  the  various  reports: 
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11 

9 

ISM 
WOO 
ISM 
USM 

S3  ITM 

Fett 

m 

JWt 

m 

1 

«  10  30 

1,387 

As  we  go  from  the  Grotto  Geyser  dovn  the  river  on  tbe  oppsite  ride, 
*  ire  pasa  through  the  timber  at  the  Hoot  of  a  hill.    Emergiog  from  the 
_.  trees  the  flret  spriDg 

*■  *^"        -  we  meet  with  is  sita- 

ated  at  the  top  of  the 
hill  some  distance 
above  the  level  of  the 
river.  This  Bpring  is 
bordered  by  cauli- 
flower-like forms  of 
geyserite,  which  have 
a  greeniBli  tinge.  'I'ba 
water  flows  from  the 
spring  in  several  smaU 
Mtreams,  the  bed  of 
each  one  beinga  bright 
orange  color.  The 
Ba,0rifl«.o(«m«i6ft,OQU.t.torw.tor.  water  flowingdown  the 

hill  becomes  cool  long  before  it  reacbee  tbe  river.    An  analysis  of  a 
specimen  from  tbe  edge  of  this  spring  is  as  follows : 
Color,  f^reoiiiBh-graj;  fraeture,  concholdal ;  luster,  doll ;  hudueaa  oatsfde  3,  iiuide6. 
Analsfsit. 

LoMatlHPC 2.00 

Loaa  on  igotUon JO.SO 

Silica ^ 86.10 

Alnmina ■ » 1.96 

Iron 717 

Lime 3S 

Mocoeiia. Tmw. 

8oda Trwe. 

PotoHsa Trace. 

Ltibia Tnui*. 

101.257 


Tbinbiug  that  the  hot  springs  would  have  considerable  inflnence  on 
the  temperature  of  the'  wiitcr  in  tbe  river,  I  took  the  following  tempera- 
tmvs  in  the  Fire-Hole  and  Madison  Itivers : 
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Position. 


Above  Old  Faittafal 

Below  Old  Fait  hful,  opposite  Bee- Ilivo , 

Opposite  Grand  Geyser 

Aoiive  Giant 

Below  Grotto 

East  Fork  of  Firo-llolo  Kiver  above  its  junction  with  the  main  river,  but 

below  Aprini^s 

MadL<ion  Kivcr,  just  below  the  junction  of  cast  fork  of  Fire-Hole  River 

with  the  Fire- Hole  River 

Madison  River  about  twenty  miles,  below  the  junction  of  east  fork  of  Fire-  ( 

Hole  Kiver.  { 

Hadison  River  Just  after  its  junction  with  the  Jefferson  River,  near  Gallatin 

City.  Montana  Territory ; 

Gallatiii  River  just  above  the  junction  with  the  Missouri  Rivcr,uear  Gallatin 

City,  Montana  Territory 


Time. 


12.00m... 
12. 05  p.  m. 
12.30  p.m. 

1.50  p.  m. 

1.55  p.m. 

7.30  a.m. 

7. 40  a.  m . 
6.00  p.m. 
G.  00  a.  m. 

7. 30  a.m. 

7.30  a.  m. 


s 
a 

H 


OF. 
56 
58 
56 
58 
58 

44 

45 
66 
28 

45 

45 


c 


2S: 

a 

H 


OF. 
53 
56 
60 
60 
60 

56 

55 

60.4 

56 

52 

50.5 


These  observations  were  all  made  in  August,  with  the  exception  of 
the  last  two,  which  were  made  September  10, 1872. 

The  following  analyses  are  of  specimens  collected  by  the  Snake  Eiver 
division  of  the  expedition : 

Ko.  1. — Gcyscrite  ball  ftom  eoysers  of  Sboshonc  Lake.  Compositiou,  irregular ;  luster, 
dnU;  structure,  anior|>hou8;  hajrdnesSi  5.5;  color,  grayisU  white. 

Analy»i8. 

Per  cent. 

Lossat  IIQOC 5.75 

Loes  on  iguition i 6. 25 

Silica 85.75 

Alumina  and  iron 2. 20 

Lime 85 

Magnesia Trace. 

Soda* Trace. 

Pota8sa*- Trace. 

Lithia* Trace. 

100.80 


Ko.  2. — Bluish-gray  ceyserite  from  geysers  of  Shoshone  Lake.    Amorphous ;  lamiu- 
ateil  •  luster,  dull ;  hardness,  5. 

Analysis. 

Per  cent. 

Lowat  IIQOC 5.00 

Loss  on  iguition 8.00 

Silica 76.80 

Alumina 9.46 

Iron Trace. 

Lime 1.80 

Magnesia Trace. 

Soda* Trace. 

101. 06 


*  By  spectroscopic  examination. 
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CHAPTER  V. 

MADISON    VALLEY  GEYSER-BASINS  TO  GALLATIN    CITY, 

CHERRY  CREEK  MINES. 

Late  in  the  afternoon  of  August  20  we  left  tbe  upper  geyser-basin 
and  proceeded  to  the  lower,  where  we  found  Captain  Stevenson's  party 
still  encamped,  Dr.  Hayden  having  moved  down  the  river.  As  it  was 
too  late  to  follow  we  waited  until  morning,  when  we  started  at  daylight, 
and  joined  the  party  just  as  they  were  about  leaving  camp  on  Gibbon's 
Fork,  a  branch  of  the  Madison,  whicli  joins  it  five  miles  below  the 
luuction  of  the  east  fork.  The  rocks  between  these  two  points  are  all 
volcanic,  trachyte-porphyries,  resembling  those  we  saw  at  the  Grand 
Cafion  of  the  'Yellowstone.  In  one  place  I  noticed  the  same  round 
geodic  masses  that  I  saw  there,  only  here  they  were  much  larger, 
measuring  as  much  as  G  inches  in  diameter. 

Some  of  the  trachytes  are  laminated,  and  seem  to  have  been  twisted 
after  having  l)een  deposited.  On  the  left  bank  of  the  river  there  is  a 
high  bluff-wall  extending  from  below  the  east  fork  of  the  Fire  Hole  to 
Gibbon's  Fork  of  the  Madison.  About  three  miles  above  Gibbon's  Fork, 
in  a  gloomy  gorge,  is  a  very  fine  fall  of  about  40  feet  in  height.  On 
reaching  Gibbon's  Fork  I  followed  it  up  a  few  miles,  to  visit  some  hot 
springs  which  Dr.  Hayden  reported  to  me.  These  springs  are  on  the 
right  side  of  the  river,  in  a  valley  about  a  mile  in  length  and  half  a  mile 
iu  width.  The  springs  are  situated  at  the  foot  of  a  ridge  rising  about 
1,000  feet  above  them.  This  ridge  is  cut  by  numerous  ravines,  the 
divides  between  being  rounded,  thus  giving  to  the  top  of  the  ridge  the 
appearance  of  a  range  of  conical  peaks.  On  the  opposite  side  of  the 
Madison  there  are  vertical  walls  of  trachyte  1,500  feet  in  height.  The 
springs  are  seven  in  number.  The  largest  one  is  in  reality  a  small  lake, 
in  which  the  water  has  a  temperature  of  140°  F.  It  is  supplied 
by  two  small  streams,  which  have  their  origin  each  in  two  small 
springs  a  few  feet  above.  One  of  these  is  a  pulsating  spring,  the  water 
rising  about  a  foot  above  the  basin.  The  temperatures  are  135^  F. 
to  1500  F.  A  short  distance  to  the  east  of  this  lake  there  are 
two  oth(T  springs,  having  respecrtively  the  temperatures  of  100° 
F.  and  122^  F.  The  temperature  of  the  air  during  these  observa- 
tions was  61°  F.  About  the  center  of  the  valley  there  is  an  old 
spring-basin  composed  of  three  terraces,  rising  about  18  inches  one 
above  the  other,  in  much  the  same  manner  as  the  terraces  of  the 
Gardiner's  River  springs.  Here  the  springs  are  extinct  and  the 
terraces  are  overgrown  with  grass.  There  is  considerable  lime,  and  a 
coating  of  iron  lines  all  the  channels  of  the  streams,  carrying  away 
the  overflow  of  these  springs.  They  have  all  doubtless  passed  their 
most  active  period. 

Messrs.  Jackson  and  Coulter,  with  some  other  members  of  the  survey 
who  followed  Gibbon's  Fork  some  ten  miles  above  its  mouth,  have  given 
me  the  following  notes  in  regard  to  a  fall  which  they  discovered : 

About  eight  or  nine  miles  above  the  month  of  Gibbon's  Fork  the  vaUey  grodnaUy 
DarrowB  into  a  deep  cafioo,  the  TvaUs  of  rock  rising  with  a  steep  sk)pe  on  both  sides 
from  near  tbe  waters  edge,  leaving  scarcely  room  enongli  for  a  rongb  trail.  After  fol- 
lowing tbia  callOQ  for  aboot  a  mile,  the  slopes  becoming  steeper  and  the  trail  narrower, 
the  riier  aeems  to  issae  from  a  perpendicular  wall  standing  directly  across  the  head 
of  tbe  eallOD.  On  reachiDg  this  precipice,  however,  we  found  that  tbe  river  makes  a 
sharp  bend  to  the  right,  forming  nearly  a  right  angle  with  its  former  course,  and  just 
at  the  beod  makes  a  beantifal  ML  of  nearly  100  feet  in  heights    This  fall  is  very  smii- 
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lar  to  tlio  upper  fall  of  the  Yellowstone.  The  stream  docs  not  leap  sheer  over  the 
precipice  iu  one  unbroken  fall,  but  after  a  few  feet  of  perpendicular  des'-imt  strikes 
upon  a  Hlopiiig  ledge  of  rock  and  is  shot  out  at  an  angle  of  aboat  45*^.  The  ^cene  is  the 
more  ini])re88ive  from  the  fact  that  it  bursts  upon  the  view  so  unexpectedly,  and  with- 
out the  least  warning,  the  noise  of  the  fall  being  shut  off  both  by  the  intervening  wall 
of  rock  and  the  ra])id8,  into  which  the  river  is  broken  below.  Above  the  fall  the  river 
ruiiH  with  a  huiootb,  slow  current,  no  rapids  breaking  np  its  course  until  it  reaches  the 
very  brink  of  tlie  xirecipice,  over  which  it  plunges  into  the  narrow  gorge  below. 

Leaving  Gibbon's  Fork  we  find  ourselves  alnoiost  immediately  in  the 
upper  canon  of  the  Madison^  which  averages  about  half  a  mile  in  width 
and  is  eight  miles  iu  length.  The  hills  on  either  side  rise  from  1,200  to 
1,500  feet  above  the  river,  those  on  the  left  side  being  almost  vertical. 
The  valley  is  partially  timbered,  and  the  hills  also,  wherever  the  trees 
can  find  a  foot-hold.  Near  the  lower  end  of  the  caHon  there  is  a  fine 
exposure  of  columns  high  up  on  the  right-hand  side.  The  rock  is  mostly 
a  rough,  purplish  trachyte,  with  sanidine  crystals.  Emerging  from  the 
canon  we  find  ourselves  in  a  wide  valley,  through  which  the  east  fork 
of  the  Madison  flows  to  join  the  main  river.  Both  cut  their  channels  in 
serpentine  manner  through  the  modern  beds,  which  are  made  up  of 
Pliocene  sands,  containing  a  considerable  amount  of  obsidian,  which 
gives  them  a  dark  color.  The  vallej'  is  partially  timbered,  and  must  be 
nearly  fifty  miles  in  width.  On  the  22d  we  encamped  near  the  junction 
of  the  east  fork,  just  above  the  middle  caiion,  where  we  spent  two  days 
waiting  for  Dr.  Ilayden  to  join  us  from  a  side-trip  through  Taghee 
Pass  to  Henry's  Lake.  I  made  a  trii>  up  the  valley  of  the  east  fork 
and  ascended  one  of  the  hills  bordering  it  on  the  north.  The  view  from 
this  point  was  one  of  the  fairest  that  1  have  ever  gazed  upon.  It  seemed 
to  unite  all  tlie  elements  of  beauty — hill,  grassy  plains,  and  winding 
streams.  Both  forks  of  the  Madison  wind  through  the  vallej'in  a  series 
of  graceful  curves.  The  rocks  were  not  well  exposed  on  this  hill,  but  as 
far  as  I  could  judge  the  dip  seems  to  be  northeast  at  an  angle  of  about 
75^  to  800.  Proceeding  toward  the  river  I  came  across  limestones,  the 
upper  layers  of  which  I  take  to  be  Carboniferous,  although  I  could  find 
no  fossils  to  ])rove  it.  The  lower  layers  are  probably  Silurian,  and  rest 
on  clilorito-scbists,  which  i)ass  into  mica-schists  and  gneisses.  The  angle 
of  the  dip  of  these  limestones  is  still  very  great.  At  the  head  of  the 
valley  of  the  east  fork  there  is  a  range  of  mountains  that  appear  to  be 
volcanic,  and  is  probably  part  of  the  same  range  that  I  noticed  from 
near  the  hot  springs  on  Gardiner's  River,  which  I  referred  to  in  a  pre- 
vious chapter.  On  one  of  the  branches  of  the  east  fork  I  found  on 
top  of  the  modern  beds  layers  of  trachyte,  which  seem  to  have  had 
their  origin  in  these  mountains. 

On  the  25th  we  moved  camp  down  the  river  and  camped  in  the  midst 
of  the  middle  caiion.  In  one  of  the  gullies  at  the  upper  end  of  the 
caiion  I  found  grains  of  glauconite  in  a  quartzite-rock.  The  western 
side  of  the  caiion  seems  to  be  composed  entirely  of  metamorphic  rocks, 
while  the  eastern  side  has  outcrops  of  Silurian  and  Carboniferous  lime- 
stones, which  at  the  upper  end  incline  northeast  at  a  high  angle. 

On  the  20th  I  visited  a  small  side  canon  on  the  eastern  side  of  the 
river,  through  which  a  small  creek  flows  to  join  the  Madison, 
a  short  distance  above  camp.  It  was  so  narrow  and  rocky  that  we  were 
obliged  to  leave  our  horses  at  the  mouth.  The  first  rocks  we  encoun- 
tered were  quartz-schists,  followed  by  chlorite-schists,  the  strike  seem- 
ingly at  right  angles  to  the  course  of  the  stream,  the  dij)  being  south- 
west. The  next  rocks  were  very  compact  limestones,  dipping  under- 
neath the  chlorite-schists.  The  lines  of  junction  could  not  be  seen,  but 
they  seemed  to  be  conformable.    The  angle  of  inclination  was  about  60^. 
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These  beds  I  took  to  be  Silurian,  although  I  could  find  no  fossils.  They 
were  lollowed  by  Carboniferous  limestones,  dipping  unconformably  be- 
neath them  at  an  angle  of  50^.  This  unconfonnability  was  caused, 
most  likely,  by  the  force  ot  upheaval.  Tbere  appears  to  be  a  complete 
inversion  of  the  strata,  which  a  few  miles  farther  up  the  river  we  saw 
almost  vertical,  but  dipping  northeast.  On  the  opposite  side  of  the 
river  I  found  quartz-scbists,  but  they  were  so  covered  by  detritus  and 
the  timber  that  very  little  could  be  determined  in  regard  to  them.  I 
will  refer  again  to  the  inversion  of  the  strata  further  on. 

The  middle  canon  is  seventeen  miles  long,  and  its  direction  from  the 
upper  end  to  the  creek,  where  I  found  the  inverted  strata,  is  northwest. 
Here,  however,  it  takes  an  abrupt  turn  toward  the  west,  almost  at  right 
angles  to  its  former  direction,  and  is  cut  through  chloritic  and  gneissic 
rocks. 

On  the  27th  we  camped  just  outside  the  canon,  and  from  this  point, 
in  company  with  Messrs.  Gannett,  Holmes,  and  Savage,  I  made  a  trip 
throngh  Baynold's  Pass  to  Henry's  Lake,  and  thence  across  the  divide, 
again  to  the  valley  of  lied  Rock  Lake.  The  metamorphic  strata  still 
continued  dipping  southwest.  At  Taghee  Pass,  east  of  Henry's  Lake, 
I  believe  they  are  capped  with  Carboniferous  limestone.  Raynold's 
Pass  is  low,  only  0,911  feet  in  height.  The  ascent  is  very  gradual,  and 
it  is  difficult  to  determine  exactly  where  the  stream  running  into 
the  Madison  ends  and  that  running  into  Henry's  Lake  begins. 
To  the  southwest  of  Henry's  Lake  I  noticed  in  the  distance  a 
volcanic  range.  This  section  of  country,  however,  will  probably  be 
fully  treated  of  by  Pi^ofessor  Bradley,  and  I  therefore  pass  it.  The 
divide  between  Henry's  Lake  and  lied  Rock  Lake  is  7,271  feet  high,  the 
distance  between  the  lakes  being  about  eight  miles.  On  the  Red  Rock 
side  of  the  divide  I  found  in  the  valley  of  a  sm^ill  stream  an  excellent 
exposure  of  reddish  quartz  schists,  the  thickness  of  which  1  estimated 
at  about  2,000  feet.  1  am  of  the  opinion  that  they  rest  immediately  on 
the  granites.  They  dip  southwest  at  an  angle  of  20o.  Viewed  from  a 
short  distance  the  out-crop  has  the  appearance  of  a  huge  staircase. 
Between  Red  Rock  Lake  and  the  Madison  Valley  the  formations  are 
mostly  modern,  mingled  with  igneous  rocks,  the  exact  relations  of 
which  I  h^d  not  time  to  determine  carefully. 

After  leaving  the  middle  caiion,  tbe  Madison  River  makes  another  turn 
of  nearly  90^  toward  tbe  north,  and  when  we  reach  the  point  a  short  dis- 
tance l>elow,  near  Indian  Creek,  we  find  the  limestones  which  we  saw  ia 
the  middle  canon  again  making  their  appejirance.  I  made  several  trips 
into  the  Madison  Range,  one  above  Indian  Creek,  one  at  Bear  Creek, 
and  a  third  up  Jackass  Creek,  at  the  lower  end  of  tbe  valley.  Above 
Indian  Creek  I  found  the  ridges  and  peaks  made  up  of  mica-schists, 
which  were  so  covered  with  detritus  that  little  could  be  determined  in 
regard  to  them.  We  had  a  great  deal  of  bad  weather  about  this  time, 
which  also  interfered  much  with  my  work.  Among  the  specimens  I 
obtiiined  are  aplite,  micaceous  gneiss,  and  quartz.  Bear  Creek  is  a 
small  stream,  joining  the  Madison  on  tbe  right  side,  about  forty-eight 
miles  below  the  canon.  The  rocks  at  the  mouth  are  hard  blue  and  yel- 
\ovf  limestones,  containing  fragments  of  corals  and  crinoids.  These  I 
take  to  be  either  Upi)er  Silurian  or  Devonian.  The  layers  are  very 
much  contorted,  but  the  dip  is  about  west,  or,  perhaps,  a  little  north  of 
west ;  angle,  20^  to  30^.'  These  beds  are  followed  by  dark-blue  Carbo- 
niferous limestones,  containing  Strophomena^  Spirifer^  Productm,  and 
Ortkui. 

11  G  s 
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interesting  fields  of  stndy  to  be  found  in  the  West.  Jackass  Creek 
emergen  from  the  mountains  through  a  caiion,  the  mouth  of  which  is 
very  narrow  and  bordered  by  gneisses,  which  are  very  micaceous  and 
of  a  black  color.  As  we  proceed  up  the  stream  they  become  lighter. 
The  exposure  on  the  right  bank  is  very  fine,  the  bedding  being  con- 
sq^ieuous,  dipping  northwcwSt  at  an  angle  of  20^  to  30^.  About  a  mile 
inside  the  canon  we  meet  first  with  the  limestones,  which  seem  to  dip 
underneath  the  gneissic  rocks.  On  the  left-hand  side  of  the  canon, 
as  we  go  up  stream,  there  are  two  hills,  on  one  of  which  the  outcrop 
is  gneissic  and  on  the  other  limestone.  Between  is  a  deep  gully,  in 
which  the  line  of  junction  is  so  obscured  that  even  with  the  most 
careful  investigation  it  could  not  be  determined.  Just  above  the 
limestones  we  find  shales  and  quartzites,  which  i>robably  represent  the 
Potsdam  group.  Between  there  is  a  very  compact  porphyritic  rock, 
which  I  take  to  be  an  old  intrusion  of  igneous  material.  The  limestones 
are  very  compact  and  brittle,  and  in  layers  of  about  0  inches  in  thick- 
ness, dipping  northwest  at  an  angle  of  30°,  seemingly  conformable  with 
the  gneisses.  They  are  probably  Silurian,  and  we  found  in  them  the 
fragment  of  a  tribolite  and  lingulepis.  Still  farther  up  the  caiion  we 
find  Carboniferous  limestones,  contiiining  well-defined  Carboniferous  fos- 
sils, dipping  northwest,  conlbrmably,  with  the  Silurian  beds.  These  layers 
above  weather  a  blue  color,  those  below  yellow,  and  between  them  red. 
Then  follows  a  porphyritic  layer,  resembling  the  one  seen  above  the 
Silnrian  rocks.  It  is  followed  by  what  I  take  to  be  Jurassic  beds. 
Although  I  found  no  fossils  here,  the  rocks  are  precisely  of  the  same 
character  as  those  I  found  in  Bear  Creek,  which  contained  Trigonia^ 
&c.  Then  followed  more  modern  beds,  made  up  of  soft,  gray  cal- 
careous sandstones  and  clay-slates.  The  lowest  layer  observed  was 
igneous  material.  The  accompanying  illustration,  Fig.  41,  corresponds 
with  the  following  section  : 

1.  Igneous  rock. 

2.  Clay-slates. 

3.  Sott,  gray  sandstone.    Containing  fragments  of  leaves. 

4.  Green  and  black  shales. 

5.  Gray  shales. 

6.  Green  and  black  shales. 

7.  Quartzite. 

8.  Shales. 

9.  Quartzite. 

10.  Limestone. 

11.  Conglomerate. 

12.  Porphyritic,  igneous  rock. 

13.  Dark-blue  limestone. 

14.  Reddish  limestone.     ^ 

15.  Yellowish  limestone.  >   Spirifer,  ProductnSy  and  Zaphreretis, 
IG.  Bluish  limestone.       ) 

17.  Silurian  limestones. — Trilobife  and  IAng%dep%8, 
IS.  Shaly  sandstones. 

19.  Porphyritic,  igneous  rock. 

20.  Quartzite. 

21.  Gneiss. 

Toward  the  north  the  strike  of  these  rocks  seems  to  bend  more  and 
more  towanl  the  east,  and  probably  extend  across  to  the  Gallatin,  where 
I  shall  refer  to  them  again  further  on. 

The  valley  of  the  Madison  from  the  middle  caiion  to  the  lower  canon 
is  fifty  miles  long  and  averages  six  miles  in  width.    It  once  formed 
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lieil  of  a  luko,  wbiclt  was  probably  one  arm  of  tbe  lake  to  which  I 

have  n^ferrad  before  as  ooveriDK  c'tc  country 

about  tb«  Tbree  Forks  of  the  Mituwuri.  and 

extenilitig  also  into  tbe  valleys  of  the  Gallatiu 

^  and  Jefli'i'soii  Bivevs.     Since  the  subsidence  oi 

I   tbe  waters  tbe  gmdual  elevation  of  tbe  couutry 

^   at  tbe  bend  of  tbe  river  has  caused  it  to  carve 

I   out  6f  these  deiKwits  a  beautiful  set  of  t«;rraces, 

I   the  Hioat  iierfect  I  have  ever  seen.     At  the 

I   bead  of  tbe  valley  there  are  four  of  them,  all 

^  veil  defined.    Buuie  are  capped  with  basalt 

-  aud  trachyte,  whivh  is  columnar  above  and 

a   lauiinate<l  below.   OppositeVirginiaOity  theie 

■^   are  two,  tbe  hVMt  of  which,  on  tbe  west  side  of 

'  t>   the  river,  is  Hi  leet  in  height  and  on  the  cast- 

'j_  ern   side  is  wanting.     The  top  of  the  see- 

S  ontl  tei'race  is  2i;i,5  feet  above  the  level  of 

I   the  liver  on  the  weateru   side  and   149  feet 

.  I   ou  the  ea8t(.'rD  side.    These  terraces  are  but 

^  u    tbe  reinuaute  of  what  once  filled  up  the  entire 

^  ^   valley,  aud  are  coni|x)sed  above  of  very  aoft 

S  -B   sandstones,  containiug  tine  grains  of  mica. 

^  I   These  sautlstones  pass  down  into  coiigloiuer- 

i  ^   ates.    The  beds  are  all  calcareous  and  nearly 

^  Q   horizontal  in  twsition.    On  the  western  side 

=  g   of  the  Mudieou  Valley  we  find  granites  out- 

13  g   cropping,  upon  wbieb  are  limestones  probably 

^  3   from  the  Silurian  upward.    The  Carboniferous 

^  I   beds,  at  any  rate,  are  pi'esent  in  considerable 

p  5   thickness.   The  underlying  rocks  in  the  valley, 

i  u   upon  wbicb  the  bike- deposits  rest,  1  take  to  be 

S  g   granites.    The  acconiimnying  illustration  (Fig. 

£  *§   41i)  will  show  what  I  conceive  to  be  the  strnc- 

£  s-  ture  of  tbe  country.     It  represents  a  nevtion 

g  a   aei'oss  the  country  in  a  westerly  direction  from 

E  i  tbe  east  side  of-  the  Gallatin  Itiver  to  the  west 

"  I   side  of  tbe  Madison.    The  dotted  lines  repre- 

0  sent  tbe  relation  of  the  inverted  beds,  extend-  - 
ing  along  the  entire  Madison  Bauge  to  tbe 
beds  resting  on  the  granites  on  tbe  west  side 
of  tbe  Madison.    The  force  which  inverted  the 

B  1>eds  of  the  Madison  range  was  probably  ob- 

%  lique  in  its  direction.    Tbe  amount  of  erosion 

^  shicc  the  upheaval  must  have  been  enormous. 

^;  I  shall  relvr  to  this  miction  again  when  spcak- 

j  ing  ol  the  Galbitiii  Canon. 

i  Wlieu   1  visited   Jaekass  Creek  with   Mr. 

^  Ilulmes  and  one  uf  our  itackers,  we  left  tbe 

i  main  puity  on  tbe  west  side  of  the  river,  oo 

3  which  tiide  tbi-y  inlvuded   to  proceed  down 

1  stivum  some  diHlaiu-e  before  crossing,  while 
•^  we  were  to  go  down  ou  the  east  side  skirting 

tbe  lower  canon  as  closely  as  possible,  aud 
alter  visiting  the  Cherry  Creek  mines  to  join 
them   as  soon  as  we  could   overtake  them. 
We  left  JackassCreekou  tbe  morning  of  tbeStb  and  proceeded  to  theriver, 
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which  we  followed  until  we  reached  the  point  where  it  enters  the  middle 
caiiou.  We  then  struck  up  on  to  the  hills,  which  we  found  to  be  composecl 
of  granitoid  rockn,  mostly  gneisses.  We  were  unable  to  get  very  near 
the  caiiou,  on  account  ot*  the  rnggeduess  of  the  country.  Wo  spent  the 
day  descending  into  deep  ravines  and  crossing  high  ridges.  The  country 
is  very  rough  and  we  had  no  trail  to  follow.  Several  times  we  thought 
we  might  be  obliged  to  turn  back.  The  highest  ])oiut  we  reached  had  an 
elevation  of  8,000  feet.  This  was  on  the  divide  between  the  Gallatin  and 
the  Madison,  and  we  had  a  good  view  of  the  valleys  of  the  Gallatin, 
Madison,  and  Jefferson,  which  lay  spread  out  before  us,  the  relations  to 
each  other  of  the  dift'erent  patches  of  hike-deposits  between  the  rivers  be- 
ing beautifully  shown.  In  the  gneisses  over  which  we  were  passing, 
which  dip  northwest,  there  are  numerous  veins  of  white  quartz.  In  one 
place  I  noticed  immense  masses  of  it  containing  a  green  miaa^  ftichsite 
which  was  so  abundant  that  it  gave  a  green  color  to  the  entire  mass. 
We  camped  late  in  the  evening  at  the  head  of  Pole  Creek,  which  we  mis- 
took for  Cherry  Ci*eek.  In  the  morning  we  proceeded  down  stream, 
hoping  to  reach  the  mines.  We  found  that  the  gneissic  locks  continued 
for  some  distance  and  were  suex^eded  by  beds  of  massive  quartzite 
resting  conformably  on  them.  These  quartzites  are  succeeded  by  sand- 
stones,  shales,  and  shaly  limestones,  above  which,  we  find  a  bed  of 
jasper  and  flint  containing  a  bciiutiful  variety  of  specimens.  Above  this 
is  a  bed  of  limestone.  All  of  these  beds  are  probably  Lower  Silurian. 
Beaching  the  mouth  of  Pole  Creek  we  found  that  it  was  a  branch  of  Cher- 
ry Creek,  and  we  were  four  miles  below  the  mines.  We  then  turned 
our  horses'  heads  up  stream  and  reached  the  mines  about  noon.  We 
spent  two  hours  examining  them,  during  which  time  I  obtained  the  follow- 
ing information :  The  mines  are  situated  in  gneissic  rocks  of  distinct 
bedding,  dipping  northeast.  All  the  openings  have  been  made  on  the 
side  of  the  hill,  which  faces  toward  the  south.  The  first  discovery 
was  made  at  the  Havana  lode,  near  the  Madison  Kiver,  some  lour 
miles  northwest  of  the  present  camp,  in  May,  1872.  Next,  the  Devil's 
Gate  lode  was  discovered,  3,000  feet  southeast  of  the  Havana.  In 
June  the  discovery  was  made  at  the  present  camp.  There  has  really 
very  little  been  done,  as  yet,  beyond  the  staking  of  claims  and  the  be- 
ginning of  shafts  inio  them.  1  will  give  the  names  of  the  various 
lodes  that  I  visited,  with  various  points  of  interest  concerning  them  : 

Eberhardt  lode. — This  Unle  was  discovered  on  the  5th  of  June,  1872. 
It  is  three  feet  in  wi<lth  and  strikes  north  75^  west,  di[)ping  north  15^ 
east;  angle,  40°.  The  walls  are  gneissic.  The  ganguo  is  quartz  and 
jasper  containing  native  silver.  The  assays  of  the  ore  are  said  to  aver- 
age $600  i)er  ton.  There  are  two  claims  on  the  lode,  one  called  the 
Eberhardt  Discovery  and  the  other  the  Eberhardt  Extension.  A  shaft 
has  been  sunk  in  each  to  the  depth  of  15  feet.  Not  more  than  four  or 
five  tons  of  ore  have  been  taken  from  these  shafts.  Several  sales  in 
this  Idle  have  been  made  since  its  discovery,  averaging  about  $150 
per  100  feet. 

The  Ueintzleinan  lode  was  also  discovered  on  the  5th  of  June,  1872. 
It  is  above  and  parallel  with  the  Eberhardt.  The  strike  is  north  80^ 
west;  dip,  north  lOo  east;  angle,  40°;  width,  .Meet.  The  walls  are 
gneissic;  the  gangue  is  the  same  as  in  the  Eberhardt,  containing 
native  silver  and  pyrites.  There  are  two  (^lainjs,  and  two  tunnels  are 
being  driven  into  it.  One  has  reached  a  depth  of  25  feet  and  the  other 
30  feet.  The  ore  is  said  to  average  $000  to  the  ton,  none  of  the  assays 
ever  having  been  less  than  $300 ;  the  greatest  (a  i)ieked  specimen)  gave 
a  result  of  $5,G70  to  the  t<m.    One  hundixnl  and  fifty  feet  of  this  lode 
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wore  sold  for  $3,500,  with  the  agpeement  that  a  shaft  was  to  be  sunk  to 
the  depth  of  100  feet 

Clarke  lode. — This  lode  was  discovered  June  11,  1872,  The  strike  is 
northwest;  dip,  northeast ;  iingle,  oO^;  width,  2^  feet. 

A  labama  lode. — This  lode  is  Ix^low  the  others.  Strike,  north  70^  west; 
dip,  northeast;  angle,  00^.  It  is  only  a  few  inches  in  width,  and  at 
present  there  is  only  a  small  opening  into  it. 

PennHylvania  lode  was  discovered  June  11,  1872.  This  is  also  quite 
narrow,  not  exceeding  a  foot  in  width.  The  strike  is  north  3Qo  west; 
dip,  northeast ;  angle,  05^.  Assays  are  said  to  yield  $54  in  gold  and 
$:i:i.75  in  silver. 

6'.  W.  Uea  lode  is  3J  inches  in  width.    The  ore  has  never  been  assayed. 

Valentine  lode  is  supposed  to  be  an  exteution  of  the  Eberhardt. 
Very  little  work  has  been  done  on  it  yet. 

Z.  DanieVs  lode. — This  lode  was  discovered  June  7, 1872.  It  has  a 
shaft  10  feet  in  depth.  The  crevice  is  2  feet  in  width.  The  strike  is 
northwest;  dip,  northeast ;  angle,  50^. 

Jlomc  lode. — This  lode  was  discovered  June  9, 1872,  and  is  one  of  the 
richest  in  the  district,  the  ore  being  said  to  have  assayed  $3,200  i>er 
ton.  The  strike  is  north  30°  west;  dip,  northeast;  angle,  48°.  The 
width  is  3  I'eet.  There  have  been  two  shafts  sunk  on  it,  one  reaching 
10  ft*et  in  depth,  the  other  15  feet.  The  strike  seems  to  turn  to  the 
southwest,  and  the  angle  decreases  to  45°.  A  three-fourths  interest  in  , 
this  lode  (1,125  feet)  has  been  sold  at  $000. 

Parasol  lode  is  above  the  Ileintzleman,  and  parallel  with  it.  It  dips 
northeast  at  an  angle  of  G0°.  It  is  4  feet  in  width,  and  has  a  shaft  10 
feet  in  depth. 

Emma  lode  is  above  the  Parasol,  and  parallel  with  it.  It  is  2  feet  in 
width. 

iVeM?  Haven  lode  is  on  top  of  the  ridge  above  the  Emma,  and  is  18 
inches  in  width.  Other  lodes  in  this  district  are  the  Cluggett^  Yankee 
Doodle^  MerrimaCnt  JDaviSy  Silver  Croicn^  and  Monarch, 

The  Harper  lode  is  opposite  the  Cherry  Creek  district,  on  the  opposite 
side  of  Cherry  Creek,  and  is  in  limestones  instead  of  gneisses.  It  is  25 
feet  wide,  and  the  strike  is  nearly  east  cind  west ;  dip,  south.  It  was 
discovered  July  12,  1872.  The  ore  is  said  to  assay  $37  in  gold  and  $7 
in  silver  per  ton. 

When  1  visited  them  there  were  fifty  men  working  at  the  Cherry 
Creek  mines,  their  wages  beitig  $4  jier  day,  or  $75  per  month  with 
board.  This  is  the  lirst  important  discovery  ol'  silver  in  the  Territory, 
and  there  are  no  mills  for  the  reduction  of  the  ore  at  present.  Whether 
the  ore  is  in  ore-beds  or  bedded  veins  cannot  be  determined  without 
further  investigation.  Some  of  the  lodes  have  been  traced  from  the 
Ma<lison  Kiver  a  distance  of  more  than  four  miles.  The  country-rock 
is  all  ^ueissic,  and  the  lodes  are  i)arallel  with  each  other,  it  will  be 
noticed  that  they  are  all  narrow,  but  it  is  chiimed  that  they  widen  as 
we  descend.  The  metallic*-  silver  is  very  apparent  in  the  ore,  having  the 
Ibrm  of  arborescent  crystals. 

On  the  opposite  side  oi'  the  Madison  we  lind  the  ISilver  Shoicerdi.sfrict, 
containing  silver  mines,  which  were  discovered  about  the  2Sth  of  June, 
1S72.  It  is  probabh*  that  they  are  merely  extensions  of  the  ledges  we 
have  described  on  the  east  side  of  the  Madison,  as  the  ore  is  said  to  be 
much  the  same  and  occurring  in  the  same  nuuniev  in  gneissic  rocks. 
The  priiicii)al  lodes  in  the  Silver  Shower  district  are  the  Silver  Shoicer, 
the  Vilgrlm^  the  StoHeicallJacLson,  the  Chloride^  and  the  Croas-Key.  The 
assays  are  said  to  vary  from  $050  to  $000  per  ton.    iN^ative  silver  is  not 
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seen  so  abundantly  as  in  the  specimens  from  Cheriy  Creek.  Specimens 
from  the  Stonewall  Jackson  lode  contain  galena,  which  is  not  seen 
at  Cherry  Creek. 

Leaving  Cherry  Creek  we  crossed  the  hills  to  Elk  Creek,  which  runs 
almost  parallel  to  Cherry  Creek.  On  the  way  we  passed,  on  top  of  the 
ridge,  several  openings,  none  of  which  were  developed  to  any  great 
extent,  lleachiwg  Elk  Creek  we  followed  it  to  the  Madison,  where  we 
learned  at  a  ranch  that  the  party  had  passed  down  the  river  the  day 
previous.  We  camped  for  the  night  a  few  miles  below  the  mouth  of 
Elk  Creek,  and  the  next  morning  started  down  the  Madison.  The  bluffs 
on  either  side  of  the  river  aiHj  made  up  of  Pliocene  marls  and  sandstones, 
the  remnants  of  the  lake-de[>osits.  In  some  of  the  ravines,  cut  in  these 
bluffs  by  the  little  streams,  we  find  beautiful  specimens  of  silicitied 
wood.  We  reached  Gallatin  City  at  the  Three  Forks  of  the  Missouri 
about  noon,  and  learned  that  the  party  had  camped  there  the  night 
betore  and  had  left  early  in  the  morning  on  their  way^  up  the  Gallatin 
Kiver.  We  followed  and  joined  them  at  night-fall.  Above  Gallatin 
City,  on  the  north  side  of  the  river,  there  are  several  fine  exposures  of 
Carboniferous  and  Silurian  rocks,  the  consideration  of  which  1  reserve 
lor  the  next  chapter.  About  four  miles  above  Gallatin  City,  on  the 
right-hand  side  of  the  stage-road  leading  to  Bozemau,  I  noticed  bowlders 
of  brown,  flinty  rock,  resembling  those  1  saw  on  Pole  Creek,  but  was 
unable  to  determine  whence  they  came.  Thelollowingday,  September 
11,  we  reached  Fort  Ellis,  and  camped  on  our  old  camp-grounds,  from 
which  we  had  been  absent  almost  two  mouths. 


CHAPTER  VI. 

GALLATIN    VALLEY,   BOZEMAN    Cl^EEK,    MIDDLE    CHEEK, 
MOUNT  BLACKMORE,  AND  WEST  GALLATIN  KIVEIi. 

On  the  14th  of  September,  in  company  with  Messrs.  Gannett  and 
Holmes,  I  left  Fort  Ellis  to  ascend  Mount  Blackmore  and  investigate 
the  geology  of  the  country  south  ot*  the  Gallatin  Valley.  The  range  in 
which  the  peak  is  situated  gives  origin  to  the  branches  of  tlve  East  Gal- 
latin, and  once  formed  a  portion  of  the  southern  shoreline  of  the  lake 
whieli  (extended  over  the  country  about  the  Three  Forks.  •  Although 
the  peak  stands  up  prominently,  and  is  in  plain  sight  from  Fort  Ellis 
and  Bozeman,  it  was  dijQ&cult  to  determine  exactly  whidi  stream  would 
lead  us  to  its  base.  We  selected  Bozeman  Creek  as  the  one  to  follow, 
hoping  that  if  it  did  not  lead  us  to  the  right  point  we  would  be  able  to 
cross  the  ridges  and  thus  accomplish  our  purpose.  We  camped  in  the 
evening,  just  inside  the  mountains,  in  the  canon  of  Bozeman  Creek,  and 
the  next  day  pushed  on  up  stream.  The  timber  along  the  creek  was  so 
thick  that  we  ascended  the  hills,  hoping  to  find  traveling  less  ditticult. 
We  were  obliged,  however,  to  return  to  the  bottom  of  the  canon.  From 
the  mouth  of  the  caiion  for  about  five  miles  the  granites  are  the  only 
roc^ks exposed.  Succeeding  them  are  the  limestones  to  which  I  referred 
in  the  second  chapter  when  speaking  of  Mystic  Lake.  The  hills  come 
down  so  abruptly  to  the  edge  of  the  creek  and  the  canon  is  so  densely 
timbered  that,  in  order  to  make  any  f>rogress  at  all,  we  were  often  obliged 
to  wade  in  the  bed  of  the  sti-eam.  On  reaching  Mystic  Lake  we  found 
that  it  would  be  impossible  to  take  our  animals  across  the  ridges  which 


168       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

sepciraled  U8  from  Monnt  Blackmore,  and  that  our  boat  plan  would  be  to 
try  the  next  creek  to  the  westward.  80,  joined  by  Mr.  Jaek.son  and  his 
l)arty,  wlio  had  been  at  Mystic  Lake  several  days  photographing  its  fine 
scenery,  we  returned  to  the  plain  of  the  Gallatin  Valley,  and  the  next 
niornhi^,  skirting  the  edge  of  the  mountains  until  we  reached  Middle 
•  Creek,  we  entered  its  canon.  We  found  the  lower  part  of  the  canon 
quite  open  and  had  very  easy  traveling  for  about  two  miles,  when  it 
began  to  narrow,  and  tiie  granite  rocks  towered  high  above  us  on  both 
sides  of  the  stream,  ^hich  here  rushes  fuiionsly  over  its  rocky  bed.  Im- 
uiens(^  slides  of  rock  extend  from  the  cliffs  above  to  the  water's  edge, 
aiul,  with  the  dense  pine-l'oi^est  through  which  we  were  obliged  to  cut  our 
way  with  the  ax,  rendered  our  progress  slow  and  difficult.  The  rocks 
are  mostly  gneissic,  dipping  northeast  at  an  angle  of  about  70o.  After 
five  miles  of  this  rough  traveling  we  came  out  into  a  small  open  valley 
or  park,  bounded  on  either  side  by  rather  low  rounded  hills  covered 
with  sage-brush ;  here  we  camped.  Shortly  after  getting  out  of  the 
canon  we  find  limestones  crossing  the  creek,  the  strike  being  almost  at 
right  angles  to  its  course."  On  the  left  bank  of  the  creek  there  is  a  bluff 
showing  a  fine  exposure  of  the  layers,  which  I  take  to  be  SSiluriau, 
altliough  no  fossils  could  be  found.  They  dip  south  of  east  45°  to  50o. 
They  are,  probably,  a  prolongation  of  the  layers  below  Mystic  Lake. 
Betwe(»n  the  two  points  there  must  be  a  rather  abrupt  turn  in  the  strike. 
When  at  Mystic  Lake,  however,  I  noticed  that  the  layers  began  to  turn 
more*  and  more  toward  the  west  as  we  followed  them  below  the  lake.  A 
little  farther  up  the  valley  of  I\Iiddle  Ci'eek  we  found  true  Carboniferous 
beds  containing  OrthiSj  Splnfer^  Stroj)homena,  Atnjpa^  and  other  Car- 
boniferous fossils.  Still  farther  up  the  valley  we  find  that  the  dip  is 
I'everstMl,  and  wo  have  crossed  a  synclinal  which  is  at  right  angles  to 
the  course  of  th(».  stream.  The  occurrence  of  voh^anic  outbursts  at  the 
head  of  the  stream  has  thrown  the  sedimentary  beds  into  some  confu- 
sion, so  it  is  dillicult  to  reduce  them  to  auv  system.  On  the  17th  we 
canipetl  in  one  of  the  most  picturesque  valleys  or  parks  that  I  have  ever 
seen.  It  is  about  a  quarter  of  a  mile  in  length  and  almost  oval  in  shape, 
b()rdere<l  by  a  line  of  grand  old  pines.  Through  the  center  of  the  park 
Mi<l(lle  (^r<*(»k  fiows.  Back  of  the  trees  on  the  east  side  of  the  park,  ris- 
iiig  to  the  height  of  over  3,()()()  fe(»t  above  the  bed  of  the  creek,  is  an 
almost  bluff  wall  of  volcanic  rock,  the  jnevailing  color  of  which  is  black, 
relieved  here  and  there  by  streaks  of  red  and  green,  as  though  it  had 
been  i)ainted.  This  wall  is  surmounted  by  dome  and  s])ire  like  ])oints 
of  lock,  in  whose  ciwices  lay  deep  snow-banks.  At  some  i)oints  on  the 
wall  we  could  distinguish  gioups  of  stunted  pines.  On  the  opposite 
side  ol"  the  park  is  a  similar  wall,  which  has  been  more  afl'ected  by  the 
processes  c»f  weathering  and  presents  many  curious  architec'tural  forms. 
It  does  not  require  a  very  vivid  imagination  to  trace  on  its  front  the 
i'^rms  of  castles  and  fortress  walls.  At  the  head  of  the  park  the  wall 
makes  a  slight  turn  to  the  east,  ami  here  there  are  three  monument  like 
piles  of  rock,  dome-shapecl  masses  surmounting  peiiH'iidicular  walls,  on 
wliich  we  could  s(H'  numerous  waterfalls,  looking  like  silver  threads 
against  the  black  baekground.  To  tin*  most  prominent  of  the  three  we 
gave  the  name  of  Palact^  l>uLte  and  the  other  two  we  called  the  Twin 
l>uttes.  The  i)ark  in  which  we  were  camped  we  <*alle<l  Palace  Park. 
From  this  point  we  conchnled  to  strik<*  out  f(n'  the  as<*ent  of  Mount 
lilackinoie,  which,  although  not  in  sight,  wv  knew  to  be  to  tlu^  westward 
ot  us  and  not  far  off.  The  following  morning  we  staited,  and,  reaching 
V  the  suiMiait  of  the  first  ridge,  saw  the  peak  imme<liate]y  before  us  and 
8ei)arated  from  us  by  a  deep  ravine  which  we  were  obliged  to  cross.     On 
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this  flbrst  ridge  we  passed  over  tbe  upturned  edges  of  limestones,  dip- 
ping about  northeaspt,  and  on  the  opposite  side  of  the  ravine,  on  the  side 
of  the  ridge  which  culminates  in  Mount  Blackmore,  there  is  also  an  ex- 
posure ot  limestone,  dipping  in  the  same  direction.  The  upper  layers 
have  an  inclination  of  about  30^,  while  the  lower  ones  incline  only  10^. 
These  limestones  are  capped  with  volcanic  material,  which  seems  at  first 
to  have  tipped  them  up  and  afterward  crushed  them.  Mount  Black- 
more  itself  is  a  volcanic  peak,  and  the  nearness  of  the  sedimentary 
rocks  to  tbe  center  of  volcanic  action,  which  lies  to  the  south  or  south- 
east, has  affected  them  to  a  great  extent  and  thrown  them  into  great 
confusion.  Taking  our  horses  to  the  timber-line  (9,550  feet)  we  finished 
the  ascent  on  foot  with  comparative  ease.  The  rock  of  which  the  peak 
is  composed  is  basaltic  in  its  character,  of  black  and  red  colors.  On  the 
summit  it  is  very  compact  and  massive,  while  below  we  find  it  laminated 
and  somewhat  i)orphyritic.  On  the  way  up  I  found  excellent  specimens 
of  Hyalite  in  globular  concretions,  as  clear  as  glass,  coating  the  rocks 
and  making  them  look  as  though  coated  with  ice.  I  also  found  Chalce- 
dony and  a  yellow  variety  of  opal  resembling  somewhat  fire-opal.  It 
varies  in  color  from  a  honey -yellow  with  a  greenish  tinge  to  a  brownish 
red.  It  is  opaque;  luster  vitreous;  hardness,  5;  specific  gravity,  2.172. 
Considering  its  physical  proi>ertie8  it  might  be  distinguished  as  a 
variety  of  opal  between  fire-opal  and  the  ordinary  semi-opal.  I  propose 
for  it  the  name  of  BUickmorite,  from  its  locality,  Mount  Blackmore.  An 
analysis  of  it  is  as  follows : 

Analysis. 

*Por  cent. 

Lo88aill()oC 7.40 

LuH8  ou  igDition 2. 40 

Silica *....  85.20 

Iron  oxide 2. 68 

Lime 1.48 

Ma^esia 0. 37 

Soda* Trace. 

99.53 


^x. 


The  view  from  the  summit  of  Mount  Blackmore  is  grand  in  the  ex- 
treme. When  we  turn  to  the  south  we  overlook  an  intensely  rugged 
country,  studded  with  numerous  sharp  volcanic  ])eaks.  Quite  near 
the  peak  there  is  one  point  which  looks  as  though  it  were  once  the  center 
of  volcanic  acti<m,  the  sloping  sides  bearing  a  striking  resemblance  to 
the  sides  of  an  old  crater.  To  the  north  the  field  of  vision  is  immense. 
The  valley  pf  the  Gallatin,  from  its  sources  at  our  feet  to  the  Three 
Forks,  lies  spread  out  before  us,  and  beyond  we  could  distinguish  in  the 
dim  distance  even  the  Missouri.  Here  we  could  trace  the  layers  of 
limestone  from  Mystic  Lake  to  Middle  Creek,  thence  across  the 
Cottonwood,  the  next  stream  to  the  west,  and  thence  across  to  the  West 
Gallatin.  All  these  streams  have  cut  their  wav  directlv  across  tlie 
strata  at  right  angles  to  the  strike.  To  the  west  we  could  see  the  Madi- 
son Range,  and  on  the  east  the  snowy  range  of  the  Yellowstone.  The 
elevation  of  the  peak  above  sea-level  is  10,134  feet.  The  following 
morning  we  followed  Mi<ldle  Creek  to  its  sources,  and  found  that  the 
valley  abounded -in  most  magnificent  scenery,  foliage,  rocks,  and  numer- 
ous water-falls  and  cascades  combining  to  form  the  most  beautiful  pic- 


*  By  spectroscopic  examination. 
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tares,  and  Mr.  Jackson  coucludecl  to  remain  several  days  in  the  valley. 
We  continued  on  our  way,  hoping  to  be  able  to  cross  the  range  and 
descend  to  the  West  Galhitin,  where  we  exj^ected  to  join  the  main  party 
the  next  day.  We  reached  an  elevation  of  9,000  feet,  and  found  our- 
selves surrounded  by  a  semicircular  wall,  which  rose  COO  feet  in  perpen- 
dicular hei^^lit  above  us.  At  the  base  lay  immense  banks  of  snow.  To 
cross  was  impossible,  so  we  retraced  our  steps,  and  on  I'eaching  tbe  first 
open  si)ace  above  the  cailou  where  we  had  encamped  three  days  before, 
we  crossed  the  ridge  to  Cottonwood  Creek,  \vhich  we  followed  to  the 
plain.  We  then  proceeded  ahing  the  edge  of  the  mountains  until  we 
rea(*be(l  tbe  mouth  of  the  West  Gallatin  Canon,  and,  striking  the  trail 
of  the  main  party,  we  pushed  up  stream  as  rapidly  as  possible.  Tbe 
rocks  at  the  moutli  of  the  canon  are  gneisses,  which  dip  northwest  at 
an  angle  of  about  75o.  They  are  followed  by  immense  beds  of  lime- 
stone, which  at  first,  I  think,  dip  in  a  southerly  direction,  but  soon 
change  to  the  northeast.  The  angle  varies  from  20°  to  30o.  They  are 
the  direct  prolongation  of  the  layers  which  we  observed  on  Middle  and 
Cottonwood  Creeks,  and  which  we  also  noticed  on  Pole  and  Cherry 
Creeks  when  we  were  on  our  way  down  the  Madison.  The  limestones 
are  a;4:ain  succeeded  by  gneisses,  probably  the  continuation  of  those 
tlir()n;^^h  which  the  Madison  cuts  the  Lower  Canon.  Then  follow  lime- 
stones dipping  southwest.  These  I  believe  to  be  the  continuation  of 
the  layers  in  the  Madison  Range,  which  I  referred  to  as  making  a  turn 
toward  t  he  east  near  Jackass  Creek.  To  the  east  of  the  Gallatin  River  it 
is  dinicult  to  trace  them,  for  we  find  ourselves  immediately  in  a  volcanic 
region.  Tliat  there  is  some  connection  between  this  ridge  and  the  lay- 
ers outcropping  on  Cinnabar  Mountain  is  highly  probable.  Just  above 
this  last  ridge  of  limestone  we  found  the  main  party  encamp(^d-  On 
the  opiH>site  side  of  the  river  there  was  a  high  bluff  wall  made  up  of 
Cretaceous  and  Jurassic  rocks.  Our  camp  on  the  western  side  was 
upon  Jurassic  rocks.  These  seem  to  continue  to  the  westward  in  a  gen- 
tle slope  from  the  Gallatin  to  the  Madison  Range.  The  weather  became 
80  snowy  and  unfavorable  for  work  that  I  was  not  able  to  follow  the 
beds  to  the  westward,  as  I  desired,  but  the  section  shown  in  Fig.  42 
which  1  referred  to  in  the  preceding  chapter,  will  show  what  1  believe 
to  1)(^  the  r<»lation  of  the  beds  exposed  on  the  Gallatin,  opposite  our 
camp,  to  those  of  the  Madison  Ranjie.  To  definitely  settle  their  rela- 
tion, however,  the  western  side  of  the  Madison  Range  will  have  to  be 
worked  out  in  more  detail  than  it  has  been  up  to  the  pre^sent  time.  The 
canon  of  the  West  Gallatin  is  so  fully  treated  of  in  other  portions  of 
the  re])ort  that  1  have  thou  ht  it  best  merely  to  refer  to  it.  Leaving  the 
Gallatin  River  we  crossed  the  divide  to  the  Yellowstone  River.  On  the 
very  .snmniit  1  obtained  specimens  of  silicified  wood  embedded  in  basaltic 
rock,  whieii  is  here  mingled  with  Tertiary  sandstones,  which  have  here 
been  very  nnu'h  metamorphosed.  The  elevation  of  the  divide  at  the  point 
we  crossed  it  is  9,817  feet.  We  struck  the  Yellowstone  just  below  the 
second  canon,  and  followed  it  down  to  Bottler's  ranch.  While  at  this 
point  I  crossed  the  Yellowstone  River  and  went  up  Emigrant  Gulch,  one 
of  the  rejiions  in  which  gold  mining  has  been  <*arried  on  to  a  somewhat 
limited  extent.  The  gulch  cuts  into  the  mountain-range  lor  some  dis- 
tance in  a  general  southeasterly  direction.  Theroeks  near  the  mouth  of 
the  gnlch  are  chlorite  schists,  which  di[>  in  a  northerly  direction,  or 
perhai)s  a  little  west  of  n(uth,  at  an  an;»le  of  40^  to  .4rp.  These  chlo- 
ritic  rocks  extend  for  about  two  miles  an<l  a  half,  and  are  followed  by 
gneisst\s,  which  dip  underneath  them.  These  gneisses  are  probably  a 
on  tin  nation  of  those  exposed  in  the  second  canon  of  the  Yellowstone. 


:; 
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They  exleud  for  a  short  distance,  whcu  we  fiud  igneous  rocks  resting 
upon  their  upturned  edges.  These  igneous  rocks  rise  to  a  great  height 
on  either  side  of  the  gulch,  and  in  fact  form  the  crest  of  the  entire 
range,  as  I  noticed  when  on  the  summit  of  Emigrant  Peak  last  year. 
The  stream  descends  very  rapidly  as  it  flows  down  the  gulch,  and  there 
are  numerous  cascades  and  waterfalls  in  its  course.  At  the  mouth  of 
the  gulch  there  was  formerly  quite  a  large  settlement,  but  at  present 
nothing  remains  save  the  stone  chimneys  of  Yellowstone  City.  As  we 
ascend  the  creek  the  gulch  narrows  very  rapidly.  There  are  two  mining- 
camps,  one  at  the  head  of  the  stream,  the  other  at  the  mouth  of  the 
gulch.  The  mines  are  all  placer-diggings,  and  at  present  there  are  only 
twenty  or  thirty  men  working  here.  The  highest  yield  is  $15  per  day, 
the  average  being  about  $5  per  day  to  each  man.  There  are  four  claims 
worked  at  the  lower  camp  and  three  at  the  upper,  and  since  the  dis- 
covery, in  1804,  it  is  estimated  that  the  gulch  has  yielded  over  $100,000. 

The  chloritic  rocks,  which  are  exposed  in  Emigrant  Gulch,  extend 
along  the  range  as  far  north  as  the  Lower  Canon  of  the  Yellowstone. 
2fear  the  latter,  in  one  of  the  smaller  gulches,  I  obtained  specimens  of 
Itacolumitc  in  lamina  about  an  inch  in  thickness  and  having  a  greenish 
color.  None  of  the  specimens  were  flexible.  Uur  next  camp,  after 
leaving  Bottler's,  was  just  above  the  Lower  Canon  of  the  Yellowstone. 
Here  the  limestones  extend  aci-oss  the  river,  whi,ch  cuts  through  them 
almost  at  right  angles  to  the  strike.  The  dip  of  the  beds  is  east  of  north. 
They  are  probably  the  continuation  of  one  branch  of  the  anticlinal, 
which  we  have  referred  to  before  in  Spring  Caiion.  On  the  north  side 
of  the  caiion  we  find  Jurassic  layers  resting  immediately  on  thick  beds 
of  quartzite,  which  lie  between  them  and  the  Carboniferous  limestones. 
The  inclination  of  the  beds  is  about  25^.  The  Jurassic  beds  consist  of 
alternate  layers  of  calcareous  clay  shales,  which  weather  blue,  and  hard, 
yellow  limestone.  They  contain  great  quantities  of  fossil,  among  which 
are  Trigvnia^  Ammonites^  Ostrea^  and  Pinna.  These  are  succeeded  by 
Cretaceous  sandstones,  which  are  in  turn  followed  by  Tertiary  strata, 
which  are  from  1,500  to  2,000  feet  in  thickness.  After  passing  through 
the  Lower  Canon,  we  turned  to  the  left  and  proceeded  up  Divide  Creek, 
a  small  stream  flowing  into  the  Yellowstone  from  the  western  side,  its 
valley,  for  the  most  part,  is  a  monoclinal  valley,  between  Cretaceous  and 
Tertiary  strata.  The  Tertiary  beds  are  composed  of  sandstones,  which 
are  generally  (juite  soft  and  of  a  gray  color.  The  lower  layers  are  often 
quite  hard,  and  of  a  somber  brown  color,  seeming  to  have  been  some- 
what changed.  At  several  points  1  noticed  the  occurrence  of  dikes,  to 
which  this  change  may  be  attributed.  The  general  dip  is  in  a  northerly 
or  northeasterly  direction,  and  the  angle  about  35^  to  AO^, 

Eeaching  the  head  of  the  stream,  we  crossed  the  divide,  and  found 
ourselves  at  the  head  of  the  creek  which  flows  through  Spring  Canon. 
Here  we  turned  toward  the  right  and  crossed  to  Bridger  Creek,  which 
we  followed  up  around  the  eastern  side  of  the  Bridger  Range  to  Flat 
Head  Pass,  through  which  we  went  to  the  Gallatin  Valley.  The  rocks 
on  the  eastern  side  of  the  range  at  Flat-Ilead  Pass  are  Cretaceous 
sandstones,  dipping  a  little  north  of  east,  angle,  30^  to  oO^,  succe(»ded  by 
Jurassic  layers,  which  are  for  the  most  part  covered  with  grass,  conceal- 
ing them.  The  center  of  the  range  is  made  up  of  Carboniferous  lime- 
stones, which  are  almost  vertical.  As  we  pass  toward  the  westward, 
however,  they  begin  to  dip  in  a  westerly  direction.  They  are  followed  b}' 
Silurian  beds,  which  also  dip  in  the  same  direction.  The  Silurian  layers 
are  composed  of  slaty  limestones,  pebbly  conglomerate  limestones, 
and  compact  brittle  limestones,  containing  fragments   of   trilobites. 
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Thoy  are  followed  by  very  bard,  compact,  micaceoas'sandstones.  During 
tbe  upbeaval  of  tliis  riinge,  the  Hue  of  force  seems  at  first  to  have  been 
vertical,  and  tipped  up  the  layers  as  we  see  them  on  the  eastern  side. 
Then  the  force  seems  to  have  acted  in  a  line  oblique  to  it«  former  direc- 
tion, and,  breaking  through  the  Silurian  and  partialy  through  the  Car- 
boniferous layers,  carried  their  lower  edges  to  the  westward ;  so  that, 
while  the  Cretaceous,  Jurassic,  and  a  portion  of  the  Carboniferous 
layers  dip  in  an  easterly  direction,  the  remainder  of  the  Carboniferous 
and  all  of  the  Silurian  beds  dip.  toward  the  west  This  remarkable 
occurrence  is  fully  treated  of  in  Dr.  Hayden's  report,  in  which  there  is 
also  a  section  showing  the  various  beds. 

From  Flat- Head  Pass  we  crossed  the  country  in  a  northwesterly  di- 
rection to  the  Missouri  River,  striking  it  at  Horse-Shoe  Bend,  below  the 
Three  Forks.  Between  these  two  points  there  are  a  number  of  local 
synclinals  and  anticlinals.  From  HorseShoe  Bend,  we  proceeded  up 
the  Missouri  Eiver  to  the  junction  of  the  Gallatin.  About  four  miles 
above  Gallatin  City  there  is  a  magnificent  exposure  of  strata  on  tbe 
east  side  of  the  river.  The  following  section  is  in  ascending  order  from 
the  lowest  exposure  to  the  Jurassic  beds. 

Feet. 

1.  Micaceous  sandstones,  interlaminated  with  blue,  sbaly  lime- 

stones, weathering  brownish,  in  bands,  varying  from  a  few 
inches  to  a  foot  or  more  in  thickness.  The  upper  layers  of 
tbe  sandstone  ixve  of  a  steel-gray  color,  breaking  into  cubical 
blocks,  that  give  it  the  appearance,  from  a  distance,  of  basalt. 
The  general  color  of  the  sandstones  is  an  olive-green.  They 
contain  fine  grains  of  mica  and  small  pebbles  of  quartz, 
mixed  with  a  few  opaque  crystals  of  white  feldspar.  The 
rock  is  very  hard,  and  has  been  little  affected  by  the  weather. 
It  extends  in  high  bluiSs  for  considerable  distance  along  the 
river.  Some  of  the  limestones  contain  flat,  rounded  concre- 
tions of  about  G  inches  in  diameter  and  3  inches  in  thickness. 
The  sandstones  vary  in  thickness  from  2  to  4  feet.  The  gene- 
ral dip  is  northwest,  inclination  being  25^  to  30^.  The  thick- 
ness of  these  beds  is  about 1, 600 

2.  Pink  sandstones,  above  which  are  heavy  beds  of  quartzite. 

The  general  dip  is  about  30^  northwest.  Thickness,  esti- 
mated at 100 

3.  Green  and  blackish  shales,  breaking  into  lamina  of  a  few  inches 

thickness.  Low  down  wc  find  layers  that  ai*e  of  a  deep  pur- 
l)lisli,  red  color.  Short  distance  above  these  latter,  we  find  a 
very  hard  calcareous  sandstone,  containing  grains  of  a  mine- 
ral resembling  glaucmiite.  In  them  we  find  also  the  remains 
of  trilobites.  A  short  distance  above  this  layer  we  find  sand- 
stones of  about  3  inches  thickness,  interlaminated  with  green 
argillaceous  shales,  containing  trilobites,  Lingiilepi,s,  Couo- 
vert/phc,  c£r.     The  estimated  thickness  of  these  beds  is . .       300 

4.  Layers  of  very  hard  limestone,  breaking  into  lamina  of  an 

inch  or  more  in  thickness  and  containing  immense  quantities 

of  trilobites.    Thickness 10 

5.  I>lack,  slialy  limestones,  containing  a  small  X?w^?//a,  Aerorleia^ 

and  Olfolilla,  followed  by  rather  thin  layers  of  very  compact, 

blue  limestone.     Thickness 50 

C.  Pebbly  beds  of  limestone,  containing  trilobites,  and  lAngxdcph, 

Thickness 60 
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7.  Reddish  and  greenisb  calcareous  shales,  with  iuterlamiitated 

limestones,  containing  trilobit^s.    Thickness , &u 

&  Limestones,  weathering  to  a  brownish  color,  simly  in  many 

places 200 

0.  Alternate  beds  of  pebbly  aud  compact  limestones 200 


10.  Tliick  beds  of  limestone  in  which  were  foutid  Spirifer,  Pro- 
daotM,  Chonetes,  Zaphrentis.  The  lower  liiyeis  weather  yellow. 
The  layer  in  which  the  fossils  occur  is  of  a  blue  color,  aud 

very  compact    Thickness,  estimated  at 1, 00(> 

11.  White  qaartzite. 

12.  Jurassic  .beds. 
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For  a  complete  list  of  the  fossils  found  at  this  locality  I  refer  to  Pro- 
fessor Meek's  report. 

Layers  10  and  11  probably  represent  the  entire  extent  of  the  Carbon- 
iferous beds.  No.  1  should  probably  be  referred  to  the  Hnronian  series, 
while  No.  2,  I  believe,  represents  the  Potsdam  group,  or  at  least  a  i)or- 
tion  of  it.  From  No.  3  to  No.  9  includes  the  remainder  of  the  Silurian 
beds.  The  section  given  above  was  made  with  all  the  care  possible  in 
the  limited  time  afforded.  More  extended  observation  will  no  doubt 
result  in  the  discovery  of  ne\v  organic  forms  and  the  more  accurate  de- 
termination of  tbe  age  of  the  various  beds.  We  followed  up  the  East 
Gallatin  River,  reaching  Bozeman  on  the  15th  of  October,  when  the 
expedition  disbanded  for  the  season. 

Fig.  43  shows  the  relations  of  the  various  springs  on  Bear  Eiver, 
which  were  described  in  the  report  of  1871.  These  springs  were  de- 
scribed by  Fremont  in  1843,  and  called  the  Beer  Springs,  from  the 
agreeable  taste  of  the  water. 
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No.  2.— CATALOGUE  OF  MINERALS. 

Agate.  (See  Qttartz.) 

Amethyst  (See  Quartz.) 

Azarite,  (blue  carbonate  of  copper.)  In  Ogden  Canon,  Utah  Territory ; 
near  the  head  of  Clarke's  Pork  of  the  Yellowstone  River,  Montana 
Territory;  Little  Cottonwood  Canon, Utah  Territory;  near  Virginia 
City,  Montana  Territory. 

Amphibole.  Tremolite  in  Bear  Creek  Canon,  in  Madison  Range,  Montana 
TeiTitory.  AsbestuSj  near  Henry's  Lake,  Idaho  Territory.  Horn- 
blende in  syenites,  near  Ogden,  Utah  Territory ;  on  the  east  side  of 
the  Madison  River,  in  Middle  Canon,  Montana  Territory;  in  rocks 
of  the  T6ton  Range,  Idaho  Territory  ;  on  the  east  side  of  Henry's 
Lake,  Idaho  Territory ;  in  slates,  near  Virginia  City,  Montana  Ter- 
ritory ;  in  gneissic  rocks,  in  second  canon  of  Yellow^stone,  above 
Boteler's ;  in  basaltic  rocks,  near  Boteler's,  in  Yellowstone  Valley ; 
m  acicular  crystals,  in  rocks  on  the  sammit  of  Meant  Washburne, 
Yellowstone  National  Park. 

-Asbestus.  (See  Amphibole.) 

Aarichalcite.  Little  Cottonwood  Caiion,  Utah  Territory. 

Biotite,  (black  mica.)  Granites  of  Little  Cottonwood  Caiion ;  in  basalts 

of  Emigrant  Gulch,  Montana  Territory. 
Calamine,  (silicate  of  zinc.)    Head  of  Little  Cottonwood  Caiion,  Utah 

Territory. 
Calcite,  (carbonate  of  lime.)  Rhomb-spar  in  blue  limestones,  near  Ogden, 
Utah  Territory  ;  in  sandstones,  near  Fort  Ellis,  Montana  Territory; 
at  Cinnabar  Mountain  and  other  points  of  the  Yellowstone  Valley, 
associated  with  agate  and  quartz  in  geodes ;  in  geodes  of  agate 
from  the  East  Fork  of  Yellowstone  River;  east  side  of  Madison 
River,  in  the  Middle  Caiion,  Montana  Territory ;  bluff*,  opposite  the 
Hot  Springs,  on  Gardiner's  River;  canon  of  Jackass  Creek,  in 
Madison  Range,  Montana  Teiritory.  Crysials,  yellow,  from  Colorado 
Springs,  Colorado  Territory ;  Spring  Caiion,  near  Fort  Ellis,  Mon- 
tana Territory ;  Bridger's  Peak,  near  Fort  Ellis,  Montana  Territory  ; 
east  side  of  Madison  River,  in  Middle  Canon,  Montana  Territory ; 
Sawtelle's  Peak.  Idaho  Territory.  Stalactites^  from  caiion  on  east 
side  of  Middle  Canon  of  Madison  River,  Montana  Territory ;  from 
cave  at  Gardiner's  River,  Hot  Springs,  Yellowstone  National  Park. 

Cerrassite,  (carb4)nate  of  lead.)  From  head  of  Little  Cottonwood  Canon, 
Utah  Territory. 

Cervantite,  (oxide  of  antimony.)  From  head  of  Little  Cottonwood  Canon, 
Utah  Territory. 

Chalcedony.  (See  Quartz.) 

Chalcopyrite  (copper  pyrites.)  Near  Virginia  City,  Montana  Territory ; 
Clarke's  Fork  of  Yellowstone  River,  Montana  Territory. 

Chlorite.  (See  Ripidolite.) 

Chrysoprase.  (See  Quartz.) 

Coal,  (Tertiary.)  Near  Spring  Caiion,  Fort  Ellis,  Montana  Territory;  six 
miles  above  Spring  Caiion,  in  bills  head  of  Trail  Creek,  Montana 
Territory  ;  (Cretaceous,)  near  Cinnabar  Mountain,  Montana  Terri- 
tory;  poor  quality  opposite  Gardiner's  River  Springs;  on  Hunter's 
River,  near  Mount  Hancock,  Yellowstone  National  Park. 

Cop])er,  (native.)  Near  Virginia  City,  Montana  Territory. 

Ci!prite,  (red  oxide  of  copper.)  Near  Virginia  City,  Montana  Territory. 

Epidote.  In  crystals  from  the  T^ton  Range,  Idaho  Territory. 
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VeidHpsLT,  {OrtkodUue,)  In  Byenites  at  Ogden,  Utah  Territory ;  in  granites 
at  Colorado  SpriugS|  Colorado  Territory^  in  red  masses  j  in  granites 
thronghout  Liaho  and  Montana  Territories.  Samdimef  in  traohyteSy 
througboat  the  Yellowstone  National  Park  and  Montana  and  Idaho 
Territories.    Amazon  gtanej  near  Colorado  City,  Colorado  Territory. 

Flint.  (See  Quartz.) 

Garnets.  In  gneissic  rocks  near  Golden  City,  Colorado  Territory ;  in 
gneiss  near  Ogden,  Utah  Territory ;  in  seooud  cafion  of  the  Yel- 
lowstone, above  Boteler's,  Montana  Territory ;  in  Emigrant  Gnlch, 
Montana  Territory ;  in  micaceous  gneiss,  on  Black-Tail  Deer  Creek, 
near  Gardiner's  liiver ;  Hot  Springs,  near  lower  cafion  of  Madison 
Biver,  in  gneiss:  in  gneiss  on  Cherry  Creek,  Montana  Territory ; 
near  Henry's  Lake,  Idaho  Territory ;  in  rocks  of  the  T4ton  Bange, 
Idaho  Territory. 

Galeiute,  (sulphide  of  lead,)  (argentiferous.)  Little  Cottonwood  Cafion, 
Utah  Territory ;  Central  City,  Colorado  Territory  z  Bmigrant 
Gulch,  Montana  Territory ;  Clarke's  Fork  of  the  Yellowstone 
Kiver ;  Yellowstone  National  Park ;  Hot  Springs  district^.  Silver 
Sbower  district,  and  other  raining  districts  in  Montana  Territory. 

Geyserite.  (See  Opal) 

Glauconite.  East  side  of  Madison  Biver,  in  Middle  Cafion,  Montana 
Territory ;  near  Gallatin  City,  Montana  Territory ;  T6ton  Mount- 
ains, Idaho  Territory. 

Gold.  Central  City,  Colorado  Territory;  Emigrant  Gulch,  Yellow- 
stone Valley,  Montana  Territory ;  near  Virginia  City,  Montana 
Territory ;  Hot  Springs  district,  Madison  County,  Montana  Terri- 
tory ;  Upper  waters  of  Snake  Biver,  Idaho  Territoj^ ;  near  Taylor's 
Bridge,  Idaho  Territory. 

Graphite.  Twelve  miles  north  of  Ogden,  Utah  Territory. 

Gypsum,  (suli)hate  of  lime.)  Colorado  Springs,  Colorado  Territoiy. 
8elenit€j  Colorado  Springs,  Colorado  Territory;  opposite  Hot 
Springs,  at  Gardiner's  Biver,  Yellowstone  National  Park ;  in  old 
hot-spring  deposits,  op[>osite  Tower  Creek,  on  Yellowstone  Biver; 
Yellowstone  National  Park ;  in  Grand  Caiion  of  Snake  Biver, 
Idaho  Territory.    Satin-spar^  Colorado*  Springs,  Colorado  Territory. 

Halite,  (common  salt.)  In  springs  on  Turbid  Lake,  near  Yellowstone 
Lake,  Yellowstone  National  Park  ^  Great  Salt  Lake,  Utah,  in  tine 
crystalscoating  woo<l ;  in  springs  in  Idaho  Territory ;  springs  above 
Ogden,  Utah  Territory. 

Hematite,  (oxide  of  iron,)  (micaceous.)  Near  Ogden,  Utah  Territory;  near 
Brigliam  City,  Utah  Territory ;  near  Madison  Cafion,  Montana  Ter- 
ritory.   Ironstanej  Emigrant  Gulch,  Montana  Territory. 

Hornblende.  (See  Amphibole.) 

Jasper.  (See  Quartz,) 

Limonite,  (sesquioxide  of  iron.)  Little  Cottonwood  Caiion,  Utah  Terri- 
tory ;  near  Fort  Ellis,  Montana  Territory. 

Lithoinarge.  Little  Cottonwood  Caiion,  Utah  Territory. 

Magnetite,  (magnetic-ii-on  ore.)  In  gneissic  rock,  near  Golden  City,  Colo- 
rado Territory ;  in  gneisses  near  Ogden,  Utah  Territory. 

Malaebite,  (green  carbonate  of  copper.)  Upper  end  of  Ogden  Caiion, 
near  Ogden  City,  Utah  Territory ;  near  Virginia  City,  Montana 
Territory  ;  Clarke's  Fork  of  Yellowstone  River,  Montana  Territory. 

Massicot  (leadocher.)  Little  Cottonwood  Caiion,  Utah  Territory 

Muscovite,  (common  mica.)  Near  second  caHon  of  Yellowstone;  near 
Black-Tail  Deer  Creek,  Montana  Territory ;  T^ton  Mountains,  Ida^o 
Territory  j  (var.,  Fuchsite,)  from  east  side  of  Madison  Cafion,  Mon- 
tana Territory. 
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Nephelite.   In  trachytes  in  Grand  Canon  of  Snake  River,  Idaho  Territory. 

Obsidian,  (volcanic  glaps.)  On  Trail  Creek,  near  Yellowstone  Valley  j 
iu  chips  throughout  the  Yellowstone  Valley,  from  the  lower  canon 
to  Yellowstone  Lake.  SpherulitiCy  from  Grand  Canon  of  Yellowstone 
River.  Porphyntic,  from  Grand  Caiion  of  the  Yellowstone ;  divide 
between  Yellowstone  and  Madison  Rivers;  Yellowstone  National 
Park }  east  side  of  Snake  River,  Idaho  Territory ;  in  basin  of  Henry's 
Lake,  Idaho  Territory ;  head  of  Falls  River,  Idaho  Territory ;  Lewis's 
Lake,  Wyoming  Territory ;  valley  of  Madison  River,  Montana  Terri- 
tory; West  Gallatin  Caiion,  Montana  Territory;  near  Missouri  River, 
below  Horseshoe  Bend,  Montana  Territory. 

Olivine.  In  basalts  in  Yellowstone  Valley,  oi)posite  Boteler's  Ranch, 
Montana  Territory;  in  basalts  on  Snake  River  and  Henry's  Fork, 
Idaho  Territory. 

Opal.  East  Fork  of  Yellowstone  River,  Grand  Canon  of  Yellowstone ; 
summit  of  Mount  Blackmore,  Montana  Territory ;  Colorado  Springs, 
Colorado  Territory.  Hydrophane,  Grand  Canon  of  Yellowstone. 
Wood  opal,  East  Fork  of  Yellowstone  River,  near  Gallatin  City, 
Montana  Territory ;  Jefferson  County,  MontanaTerritory.  Dendritie, 
Hot  Springs  district,  Montana  Territory.  Hyalite,  Grand  Caiion  of 
Yellowstone  River.  Excellent  specimens;  clear,  in  colorless  globu- 
lar concretions,  from  summit  of  Mount  Blackmore,  Montana  Terri- 
tory ;  near  Jackson's  Lake,  Wyoming  Territory.  Oeyserite,  (siliceous 
sinter,)  geyser-basins  of  Fire-Hole  River,  presenting  white,  gray, 
greenish,  pink,  and  red  varieties,  massive,  |>orous,  filamentous,  com- 
pact, cauliflower-like,  beaded,  or  pearly.  The  specimens  vary  from 
translucent  to  opaque,  some  being  very  friable  while  others  are  firm, 
even  on  drying;  Hot  Springs,  on  southwest  arm  of  Yellowstone 
Lake ;  geyser-basin  of  Shoshone  Lake,  Yellowstone  National  Park. 

Plasma.  (See  Quartz.) 

Prase.  (See  Quartz.) 

Pummice.  Emigrant  Gulch,  Montana  Territory. 

Py rite,  (iron  pyrites.)  With  galena,  Central  City,  Colorado  Territory; 
with  serpentine  and  hematite,  near  Ogden,  Utah  Territory;  in 
quartzite,  in  Emigrant  Gulch,  MontanaTerritory  ;  Clarke's  Fork  of 
Yellowstone  River,  Montana  Temtory.  Pentagonal  dodecahedral 
crystah^  from  T(?ton  Mountains,  Idaho  Territory ;  Little  Cotton- 
wood Caiion,  Utah  Territory. 

Qoartz.  In  granites  throughout  Rocky  IMountains.  Rock  crystal,  Og- 
den, Utah  Territory  ;  in  geodes,  with  chalcedony  and  calcite,  from 
East  Fork  of  Yellowstone  River ;  from  Sa wtelle's  Peak,  near  Henry's 
Lake,  Idaho  Territory  ;  in  granites  of  Teton  Mountains,  Idaho  Ter- 
ritory ;  divide  between  Rosa  Fork  and  Fort  Hall,  Idaho  Territoiy. 
Amethystine  (amesthyst,)  from  the  Colorado  divide  south  of  Denver, 
Colorado  Territory ;  fine  crystals  in  large  geodes  of  chalcedony 
from  East  Fork  of  Yellowstone  River,  about  ten  miles  above  the 
junction  of  the  Yellowstone.  The  specimens  are  found  on  the  sum- 
mit of  a  bold  hill  on  the  south  side  of  the  river.  Blve,  near  sec- 
ond canon  of  the  Yellowstone.  Smoky  (cairngorm  stone.)  C'olorado 
di\  ide,  Colorado  Territory.  Mi^ky,  near  second  canon  of  Yellow- 
stone; Ea.**t  Fork  of  Yellowstone  River.  Chalcedony,  Spring  Canon, 
near  Fort  Ellis,  Montana  Territory  ;  in  chips  throughout  the  Yel- 
lowstone Valley  ;  in  geodes  with  calcite  and  quartz,  above  second 
canon  in  Yellowstone  Valley ;  associated  with  jasper  Irom  Elk  Creek, 
near  Yellowstone  River,  Montana  Territory  ;  forming  the  outside  of 
geodes  from  East  Fork  of  Yellowstone  River ;  also  associated  with 
calcite  at  same  locality,  from  Grand  Caiion  of  Yellowstone  River ; 
in  roanded  pebbles  on  shores  of  Yellowstone  Lake ;  from  summit  of 
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MoaDt  Blackmore»  MoDtaoa  Territory ;  beaatifal  blae  spedmeiiB 
with  jaHper,  in  Hot  Spring  distarioty  Montana  Territoiy ;  from  Jack- 
son's Lake,  Wyoming  lirritory.  Comeiiaii,  from  Grand  Oa&on 
of  Yellowstone.  OhrywproBe^  East  F<Ark  of  Yellowstone  Biver. 
Prase^  East  Fork  of  Yellowstone  Lake,  Montana  Territory ;  Wil- 
low Gaiion,  Utah  Territory :  near  lower  caflon  of  Madison  Biver, 
Montana  Territory.  Agate^  banded,  near  Fort  Ellis,  Montana  Ter- 
ritory ;  in  Yellowstone  Valley,  above  second  calLon ;  Bast  Fork  of 
Yellowstone  Uiver,  near  Elk  Greek,  Yellowstone  Yalley,  Colorado 
Springs,  Colorado  Territory.  Moclwktxme  jmon-agaie^)  nearBoteler*^ 
ranch,  Yellowstone  Valley,  Montana  Territory.  Flvmtj  (blaish 
variety,)  in  valley  of  Yellowstone:  West  Gkillatin  Biver;  (brown  va- 
riety,) Pole  Greek  near  Madison  Biver,  Montana  TerritOTy  ^  (black 
variety,)  East  Fork  of  Yellowstone  Biver.  Jasper^  (red  variety,)  in 
conglomerates,  near  Ogden,  Utah  Territory ;  near  Fort  EUia,  Mod- 
tana  Territory  ;  Yellowstone  Valley,  Montana  Territory ;  back  of 
Boteler's  ranch,  Montana  Territory;  East  Fork  of  \eUowstone 
Biv^r ;  near  Elk  Greek,  Montana  Territoi^  ;  east  side  of  Middle 
Canon  of  Madison  Biver ;  (yellow  variety,)  Bridger  Peak,  near  Fort 
Ellis,  Montana  Territory ;  East  Fork  of  Yellowstone  Biver :  (gray 
variety,)  East  Fork  of  Yellowstone;  (green  variety,)  East  Fork  of 
Yellowstone  Biver;  near  Horseshoe  Bend  of  Missonri  Biver,  below 
Gallatin  City,  Montana  Territory ;  on  Henry's  Fork  of  Snake  Biver; 
(black  variety,)  East  Foik  of  Yellowstone  Biver.  SiUdfied  woodj 
abundant  tbroughoat  the  valleys  of  Yellowstone,  Madison,  and  Gal- 
latin Bivers,  and  on  the  Yellowstone  National  Park.  liaoolumite, 
(common  inflexible  variety,)  near  Monnt  Cowan,  Yellowstone  Valley. 

Bipidolite.  In  metamorphic  rocks,  near  Ogden,  Citah  Territoiy ;  east 
side  of  Middle  Gallon  of  Madison  Biver,  Montana  Territory ;  near 
Henry's  Lake,  Idaho  Territory ;  T6ton  Mountains,  Idaho  Territory. 

Sanidine.  (See  Feldspar.) 

Satin-spar.  (See  Oypsum.) 

Selenite.  (See  Oypsum.) 

Serpentine.  Near  Ogden,  Utah  Territory ;  in  Snowy  Bange  of  Yellow- 
stone ;  divide  between  Madison  and  Gallatin  Bivers ;  Alder  Oulch, 
near  Virginia  City,  Montana  Territory ;  CafLon  Creek,  a  branch  of 
T6ton  River,  Idaho  Territory. 

Silicified  wood.  (See  Quartz,) 

Silver,  (Native.)  Cherry  Ci-eek  mines,  Madison  Connty,  Montana  Terri- 
tory ;  in  galena,  from  Little  Cottonwood  Caiion ;  Clarke's  Fork  mines. 

Sphalerite,  (zinc  blend.)  Little  Cottonwood  Gaiion,  Utah  Territory. 

Strontiauite,  (carbonate  of  strontia.)  Sawtelle's  Peak,  near  Henry's 
Lake,  Idaho  Territory. 

Sulphur.  In  crystaU,  at  Gardiner  Biver  Hot  Springs ;  on  blnffis  op- 
posite Tower  Falls ;  in  Mud  Springs,  near  Mount  Washburne,  in 
email  crystals;  Crater  Hills,  Yellowstone  Valley ;  geyser-basin  of 
Fire- Hole  Kiver  ;  Shoshone  Lake  geyser-basin  ;  on  divide  between 
Yellowstone  and  Fire-Hole  Bivers. 

Talc.  Near  Ogden,  Utah  Territory ;  in  Snowy  Bange  of  Yellowstone, 
Montana  Territory ;  near  Henry's  Lake,  Idaho  Territory;  T^ton 
Mountains,  Idaho  Territory. 

Tremolite.  (See  Amphibole.) 

Tufa,  (Calcareous.)  At  Hot  Springs,  Gardiner's  Biver;  Warm  Springs, 
near  Fort  Hall,  Idaho  Territory ;  Grand  Gaiion  of  Snake  Biver, 
Idaho  Territory. 

Wolfenitc.  Little  Cottonwood  Canon,  Utah  Territory. 


GEOLOGICAL   SURVEY   OF   THE   TERBITORIES. 


183 


No.  3.— CATAIX)GUE  OF  BOOKS. 

CtiUUogue  of  rociti  collected  by  the  Ydlovtatone  division  of  the  ejcpeditiouf  A,  C.  Peale. 
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1-7 

r4-ll 

1:»-14 

1^17 

1^19 

i7 

30 
31>33 

96-42 
43 
44 
45 
4ft 
17 
46 
49 

52 

53 

54 

55-4i6 

57 

56-59 

tiU 

Gl 

(» 

Si 

64-«6 

67-«J 

71 

"ti 

73-74 

75-7f* 
79 

85-^* 

89-91 

9i 

R.1 

»4-l».'» 

96 

97 

9i* 

99 

100 

101 

103 

103 

104 

105 

10^-07 

106 

109 

110 

III 

113 

113-14 

115-16 

117 

118 

119 

1» 

1-21 

139 

133 

134-35 

136 

l:r7-29 

13&.37 

l3f!-39 

140 

141 


>iaiue. 


Locality. 


Red  porpbyiitio  gnnito 

White  gypiraiu 

Pink  c^ypeam 

Light-iea  sandstone 

Dark-red  sandstone 

Serpentine,  with  qnartz  and  chlorite 

Ch1orit«-schist 

White  qoartxite 

Stoartsite,  fermgineons   
liiceoQs  con  jsloniorate 

Protoginic  gnelBs 

Syenite 

oartz,  with  hematite 

aartz 


Jasper-eonglomerate . 

Pink  qnartoite 

White  qoartzite 

Bine  limestone 

Mica-schist 

Syenitic  gneiss 

Aplite 


Quartzite 

Mioa-soliist 

Syenitic  gneiss. 

T^togine. 

Protoj^e,  with  pyrites. 

Syenitic  gneiss 

Porphyry. 

di> 

Snartzite,  with  pyrites, 
ematite 
Granite,  (white) 
Mica-schist 
Onartzite 
Crxstallliic  limestone 


Maj^n«*ninm-limestone 

Dendritic  sandstone 

Purple  qnartzitic  Haodstone 

White  qiinrtzitic  sandstone 

Argillaceous  sandstone,  (metamorphosed) 

Sandstone-conglomerate 

Brown  limestone 

Calcareons  sandstone  shale 

Gray  calcareons  sandstone 

C'Oarse  reddish  sandstone 

Gray  foesiliferous  sandstone,  (calcareous) 

Coarse  brown  limestone 

Compact  limestone 

White  quartzite 

(*alcareou8  sandstone 

White  quartzite 

Grayish  quartzite 

Flinty  conglomerate 

White  quartzite 

Yellow  limestone 

White  quartzite 

Yellowish  calcareous  sandstone 

Reddish  sandstone 

Pnrple  sandstone 

Pink  sandstone,  calcareons 

Conglomerute 

Pnrple  spotted  sandstone 

BricK-red  sandstone,  (compact) 

Purple  sandstone,  (compact) 

Gray  quartzite 

Pnrple  sandstone 

A  rvnaceona  limestone 

Carboniferous  limestone 

Gray  sandstone,  (Eocene) 

Soft^  gray  sandstone,  (calcareons) 

Gray  aaudstone 

Brown  MUidstone,  (Eooejie) 

CalcUe 

Sandstone  oongkmierate,  (Pliocene) 

Volcanic  breccia 

Llmoatone,  (Carboniferous) 

White  calcareoua  aandstooe 

Bed  Umeatone 


Ute  Pass,  Colorada 

Near  Colorado  City,  Colorado. 

Do. 

Do. 

Do. 
Ogden.  Utah. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Da 

Da 

Do. 

Do. 

Do. 

Do. 

Da 

Da 
Near  North  Ogden,  Utah. 
Bingham  Cafion,  Utah. 

Do. 

Do. 

Do. 
Utile  Cottonwood  Cafion,  Utah. 

Da 

Da 

Da 

Neur  Helena,  Montana. 

Spring  Cafion,  near  Ft.  Ellis,  Moni. 

Do. 

Da 

Do. 

Do. 

Do. 

Da 

Do. 

Da 

Do. 

Do. 

Da 

Do. 

Do. 

Da 

Da 

Do. 

Do. 

Da 

Do. 

Da 

Do. 

Da 

Do. 

Do. 

Da 

Da 

Da 

Do. 

Da 

Do. 
Above  Spring  Cafion. 
NcAr  Fort  Ellis,  Montana. 

Do. 

Do. 

Da 

Da 
Mystic  Lake.near  Fort  Ellis,  Mont 
•        Da 
Near  Fort  Ellis,  Montana. 

Do. 
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1S3-M 
wa-sl 


Gray  taoSaloae,  (CrsnoBinu) 
ilanl,  RiwnUh  undMoiii^  (Cr 

Sotl,rr*y—Mtimuaa 

VoIouIb  bnodB 

Tmcliyle 

Rhyoirio 

Bu«iIt,«libiitl*{Da 

Bvaltrlaff — 

DiuliH* 

BIw-biM 

Soft  MUid , . „-- 

C  lay  ■late.  ICrMHoaoaa) 

Marl 

SonditoDe,  (TerUarV) 

Quarujle.  |Cn»«oeaiw) 

aiiDilalinie,  iCraUcBonat 

PorplLi  aaulilioe  Eimeliyte 

ULucHHia  S""!** 

UniMtona,  (Cuboiribroai) 

Bromi  uodfltOM  naUmocpbowd,  (TnCuTI . 
Triolijiw-brwelB 

omim..////^v/,y//.yy/^'.. '.'.'-'■'■■ 

WhltoThyoBtlB 

HlcacFoni 

Ouaru,... 

Obrfdlan  pofphTITrit^k) 
Obaldiao  norphyrj.aatnn)  ..... 
UbaUlian  piTohni.  fffKUt^iiU) 

Pnrpbyiilh  lUldiaa. 

Spbernlitis  □taiillBB 

Veilciilai  tniijb!n»pi>n>''7T 

Wblla  ttmebsie-fvtpblirs 

Bbyolita 

PDTliM-likDlnohJft^por^bjffj  ... 

Oreou  and  bmrn  Joipar 

Careiiunu  tnehfte-pandiyiT  — 

iJmnmoa  ttMbjtt-pmaarj 

Wblta  IraBbjlB 

Vealoalartnohyte 

Funih^tia  Inobyte-, 

Obaldian  purphytr 

Veiicalar  Iraebrw 

A-rBlUo-tniabyUiiionAjTr 

Qol^priiigUvponb.. .- 

TtacbjItMwngloiiiBmte 

Vealciilar  traebyte 

Broiro 

BUcliL ..  . 

Piirpllpb  vcilcanlc  cooniftattttt 

Rrd  lolcaalo  conglomenta 

Wlill«  IraebUe 

TracbvlepaiihTry 

UejKrito  •andsKme 

Trachyle  porpbjTy 

Rhcolite 

CflTprnnua  Iraebyte,  {pDrphyriUu) 

VMlonlaP  trachyto-ptirpbyD' 

■QoBrliiW 

Gray  caloanoDa  aandaUDii,  { Jntaaalo) 

Blao  Itmrauinn.  (Carbmitrennu) 

J.-uperyllmiMlaDS-cgiielonierale 


JlrUm  tNiak,  mat  Port  Ellla. 
SmhI  of  tUddl*  Crwk,  Uonta*. 


Kl«etMe  Pfk.  TaOowabna  VaUo]-. 
Do. 
Dd. 
Talln  of  TdlowatBM  Blm,  noar 

BoUrlor'*. 

Bluff  oppn'M  OartliHT'a  Kinr. 

Do, 

Do. 

Da 

Month  or  Blaok-Tall  Dmt  Cnek. 

MoDUna. 
»BaT  moDlb  ot  E 
Cn«k,  Uuiuiw. 
JiHr  Ell  Creak,  I 


Eaat  Fork  of  YalkmtaM  Blrw. 
Mcar   Toircr  Creek,   XaUoMaao 

Valky,  Uoouua 
NMrJaimr' 


Naar  Rtaod  CaRoi  o(  TaUnntaH. 


)d  CaBon  o(  TrllomMoe  Utnt. 


Violet  Craak.ralltTaf  tbeTaUDV- 

CnlCT  Hllla,  YallottBlatw  TaDn, 

Do. 
Hrar  Und  VolcamiM,  Yellowatona 


Fln^Qolo  OmIm,  Yellowntonn  Na 
Dppei  CaDon  of  Uadtaon  RItbt. 
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Catalogue  ofrocktt  collected^  ^c— Contiuneil. 


No. 


337 

338 
339 
340 
341 
34-2 
343 
344 
345 
34fr-47 
348 
349 
3J0 

351 
3j3 
SjJ 
354 
355 
356 
357^38 
359 

sao 

361 
362 
363 

365 
366 
367 
368 
300 
370 
371 
272 
373 
27:> 
37G 
377 
37c* 
379 
2ii0 
3e<1 
3l« 
38J 

384 
385 

386-87 
3&8 
389 
390 

891-9-i 
393 
394 
3l>5 
896 
397 
398 
399 
300 
301 
302 

aai 

301 

305-00 
307 

308 
300^-1(1 

311 
313-13 
314-15 

316 
317 

318 
319 


Name. 


Pebbly  llmottone,  (Silarian) 


HicHCWoas  ^eiiis 

Chloritc-bchist 

Gray  gneiiM 

Mioa-dcbiat 

LimeHtone,  (Qaebec) 

Ouartxito   

(rlaucoDitic  qnartiito 

liod  calcareous  sondatoDe 

Chlonte-schist 

TalciRse-fichist 

Qoarlz-m'.liiHt 

Whit4*  qiiartx 


MicA-nchi»t 

(rncim 

MioaceuuH  gneiss 

Trachyte 

Slaty  trachyte 

PurpliMh  tiBchyto 

Gnt^ias  

Red  quartzite  

Ma^csian  limestone,  (Carbon!  feroas) 

blue  Hmestune,  (Carboniferoas) 

Calcaref)us  sandstoue 

Gametileroas  gnoiss 


Onartz 

FiDt^-j^rained  gneiss 

Gray  gneiss 

Slaty  gnoiss  

Uicacpoos  gneiss 

San<lstono 

Flint    

Basalt,  (blaclc) 

DaMolt,  (red) 

Oabbro 

Di(>rit« 

Dniwu  sandstone.  (Cretaceous) 

(jrray  sandrttono,  (CrotaceouN) 

Blue  liiucHtoiic,  (CarboDifcrouH) 

Cn'stalliiie  limestoue,  (Carlioniforons)  .. 

Oolitic  limestone.  (Carboniferous)    

Brown  fossililvrotis  limestone,  (Jurassic) 
Volcanic  conglomerate 


Metamorphosed  sandstone,  (Tertiary) 
Amygdaloid 


Chlorite-schist 

Gneiss 

Dolerite 

Basalt 

Basalt-tuff 

Porphj-iitic  bnsslt      

OuartziU*,  with  pyrites 

Volcanic  tufa 

Quartz  

Itacolumite,  (common) 

Gneiss 

Cliloritic  schist    

Brown  sandstone,  (Tertiary) 

Blue  slaty  limestoue,  (CarboDiferons)  . .. 

Slatv  limestone,  (Silurian)    

Pebbly  limestone,  (Silurian) 

Citarso  fossiliferons  limestone,  (Silurian) 

Micaceous  sandstone 

Chlorite-rook    


Basalt 

Brown-clay  slate,  (Silurian) .. 

8aud«tone 

Blue  arsillaceoas  slate 

Trap,  (from  dike  in  Jnrassio) . 


Locality', 


Trap,  {ttom  dike  io  Carboniferous) 
Pebbly  limestone,  (SUarian) 


GUraooniUo  limeatoae,  (Silnrian) . 
Hard-browii  aandstonek  (Silnrian) 


East  side  of  Madison  Biver,  near 
Middle  Ca&on. 

Do. 

Da 

Do. 

Da 
East  side  Middle  Cafion  of  Madison. 

Do. 

Do. 

Do. 

Do. 
Near  Red  Bock  Lake,  Montana. 

Do. 
Wedge  Peak,  east  aide  Mailt^^n 
River. 

Do. 

Do. 

Do. 
Valley  of  Madison  River. 

bo. 

Do. 
Madison  Range. 

Do. 
Bear  Creek,  Madison  Range. 

Do. 
West  side  Lower  Cafion  of  Madison 
River. 

Do. 

Da 

Do. 

Do. 

Do. 
Jackass  Creek,  Montana. 
Pole  Creek,  Montana. 
Mount  Blackmore,  Montana. 

Do. 
West  Gallatin  Cafion,  Montana. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Da 
Divide  between  West  Gallatin  and 
Yellowstone  River. 

Do. 
Valley  of  Yellowstone,  above  Bote- 

ler's. 
Emigrant  Gulch,  Montana. 

Do. 

Da 

Da 

Da 

Da 

Do. 
year  Boteler's,  Yellowstone  Valley. 
Mt.  Cowan,  Yellowstone  Valley. 

Do. 

Da 

Da 
Divide  Creek.  Montana. 
Mat  head  Pass,  Montana. 

Da 

Da 

Do. 

Do. 
Near   Horseshoe    Bend,  Missouri 
River,  Montana. 

Da 

Do. 

Do. 

Do. 
Missouri    River,  below    Gallatin 
City,  Montana. 

Do. 
Near  Gallatin  River,  above  Gallatin 
City,  Montana. 

Do. 

Do. 
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CotalpfM  4|f  ridfaf  flribotai;  4«L--Ooiillaaad. 


390 

331 

333 
334 
335 
396 
337 
328 
399 


331 
333 


Blue  sUty  UmetloDfl^  (SQnriaii) 

GreeD  cbloritic  aUtM,  (SilarUa) 

Parple  calcareous  ■andatone 

Glaaconitic  anodatooe^  (caleanoo^ 

PnipUiih  aaodatoiie 

Pink  quartzite 

Hteel-ji^v  qoarUlta 

Red  aanustmie 

Hicaoeons  saiidat4>iie,  (flne-gninad) 

Micaceona  aapdatone,  (pebwy) 

Blue  andllaoeona  alate,  (oaleanooa) 

Browniah  anrillaoeoof  alateb  (caleanoo^ 
Tnp>rock,(tDkei]i  Joraado) 


XavGidlatlBBIfw, 

Bii 

So. 
D& 
Doi 
So. 
ID^ 
Bn 
ID^ 
Bn 
So. 


R4f€ka  ooOecUd  by  the  StuOce  Bwer  dkMtm  of  ike  ejcpediUm^  Prefamer  P.  H.  Brmil^  md 


1 
s 

3-9 
10 
11 

IS-H 

15-17 
18 

19^.90 

31-33 
33 
84 

35-36 
37 
3d 
39 
30 
31 
33 

33-35 
36 

37-38 
39 

40 

41-43 

43-44 

45-46 

47-48 
49 

50-51 

58-64 
65 
06 
67 

6i^-69 
70 

71-77 

78 
79 
80-81 
8-2 
83 

84 
85 

86 
87 


Hraiatite 

Oolitic  limeatone.  (Terdary) 

FoMiilferons  limeatooe,  (Quabao  gnmp). 

Gray  limeHtone,  (Tertiary) 

Gray  trachyte 

Cellular  trachyte ■ 

baaalt   

Rose-colored  tracbytlo  ta& 


Baaalt i 


Tracbytio  tufa. 

Tracbyte-porpbyry 

SorpeDtino 

CoDglomcrate-limestoce,  (Quebec  gnmp). 

LimestODO,  (Niagara  groap) 

GlaucoDitiosaniutone 

Trap-rock  

Slaty  trachyte 

Giaiinlnr  trachyte 

Trachy tic  tufa 

Basalt 


Micac<M)U8  quartzite,  (Potadam) 

Saoidine  trachyte 

Ilot-spring  depositt  (calcareooa) 


Tolcauic  sandstone 

YolcoDio  sandstone,  compact,  metaiiioir|dioaed. 


Volcanic  sandstone,  conglomerate. 
Brown  ))orphyritic  obeicuan 


Volcanic  sandstone 
Sauidino  trachyte  . 


Trachyte 

Tulaccmus  geyserite 

TnfaceouH  sandstone 

Compact  goym'rite 

Trachyte 

Trachy  to-pornlijTy 

Compact  sauastono,  (Tertiary) . 
Rhyolitio 

Wliito  volcanic  sandstone 

Porpbyritic  obHiUian,  (block) . . . 

Hphcriilitio  obsidian 

Rbyolitlc 

Gray  trachyte 

Brown  trachyte 

Trachyte 


Red  trachyte 

Cellular  trachyte 


Near  Brfi^hm  Cil7j}tah. 
Bear  BlTer  BridA  uldL 
Malade  City,  Utah. 

D& 
Near  Fort  Han,  Uatek 
Sand  HiO  If  omtata,  UahoL 
VUUBiTei^UaliQ. 

D& 
Pierre'a  RiTer,  Uaho. 

D& 

Da 

Do. 
T6(on  Cafion,  Maha 
TMon  Creek,  Uaba 
T«Uiii  HoanXMiam,  Uahoi 

DoL 
Beohler'a  Strer,  Idalia 

Da 
Crater  near  Henry'a  Lafca  Tflabn 
8awtene*aPeak,Idaha 
Tyf^iee  Paaa,  Idaba 
upper  Hadlaon  CaBon.  HbntaML 
Gibbon^a  Fork  of  liadlnB  Strcr, 

Montana. 
Lower  gevMr^baaln,  YePuiiitum 

NaUoaaTPark. 
Shoobone  Lake,  YeOowtloMe  3fa- 
tional  Park. 

Da 
Near  Shoahone  Lake,  YePowitim 
National  Piiric 

Da 
Two  mllea  aonth  of  Shoahone  Likti, 

Tellowatone  National  Paik. 
Lfwia'a  Lake^  Wyomlflg. 

Da 

Da 

Do. 
Mt  Sheridan. 

Da 
Jlonter's  River,  Wyoming. 
East  side  cafion  of  Unioii  River, 
Wyoming. 

Do. 

Do. 

Da 

Da 
West  aide  cafion  of  Union  RlTor, 
Wyoming. 

Do. 
Ridge  weat  of   Coolter'a  (^wk, 
Wyoming. 

Da 
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Boek9  collected  hjf  the  SHake  Hirer  divieioH  of  the  expedition,  <fc — Contiuued. 


No. 


90 

91 

93 

93-94 

95 

96-9d 

99 

100 

101 

109 
103 
104-4» 
106 
107 


109 
110 

111 

lis 

113 
114 
115 

116 
117 
118 

119-21 
133 
12) 

ia4>!l6 
127 

12d-:{3 

134 
135-36 
137-39 
140-41 
14*^-44 
145-43 
1411-51 
152-53 
154-56 
157-60 

161 
163-63 

164-65 

166-68 

169-70 

171-72 

17J 

174 

175 

176 

177-78 

179 

180 

181 

183 

183 

184 

185-86 
187-89 

191-93 
193 
194 


Xamo. 


Bad  sandAtooe,  (TriMsio  f ) 


Pink  sandstoae,  (Carboniferoas  f) 


Sandstone,  (Carboniferons  f ) . 
Limestone,  (Cwboniferonst). 

Wliito  sandstone 

Trachyte 

Trachyte 

Gellalar  trachyte 

Porphyritio  trachyte 

Sandstone,  (metamorphosed) . 


Caremoas  trachyte 

Gray  trachyte 

Amygdaloidal  trachyte. 

Volcaiiio  tofa 

Sandstone 


Limestone,  (laminated). 


Green  sandstone,  (Pliocene). 
Granite 


Hicaoeons  gneiss 

Granitoid  gneiss 

goarta 
ranite 

Chert,  (Carboniferoas) 


Siliceons  limestone,  (Pliocene) . . . 

Calcareous  sandstone 

Qoartxitic  sandstone,  (Potsdam  f) 

Slat;r  trac hyte 

White  sandstone,  (Tertiary) 

Limestone,  (Triassicf). 

Red  sandstone,  (Triassic  t) 

Limestone,  (Carboniferons) 

Khyolite 


Slaty  trachyte 

White  qaartzitic  sandstone,  (Carboniferoas) 

Red  sandMtone,  (Tiiassic  f ) 

Pinlctrachytictaff 

Compact  liasalt  

Bitnminous  mad-stone 

GypsifiTons  bituminous  mud-stone,  (fossiliferous). 

Conglomerate  sandstone 

Fino-graitied  sandstone 

Chert,  (Carboniferous) 

Hot-spring  deposit 

Slaty  trachyte 


Vesicular  trachyte. 


Porphyritio  trachyte 

Hagnesian  limestone 

Ouartzitic  sandstone 

Compact  limestone 

Brown  quartzitio  sandstone 

Semi-metamorphosed  sandstone. 

Sandstone 

Pin  k  siliceous  limestone 

Crinoidal  limestone 

Compact  blue  limeatone 

Fragmental  limestone 

Chert  

Purple  trachyte 


Vesicular  trachyte ... 
Limestone,  (Pliocene) 
Limestone,  (Jurassic) 


Glaooonitic  sandstone,  ((Quebec) 
Cbertk  (Carbamiferous) 


Locality. 


ike. 


I  Compact  limeatooe,  (Pliocene) . 


Third  cafion  of  Snake  Biyer,  Wyo- 
ming. 
Opposite  mouth  of  Union  Eiver, 
Wyoming. 

Do.    * 

Do. 

Do. 

Do. 

Da 

Da 
Head  of  Fall  River,  Wyoming. 
Westside  outlet  of  Jaclcson's  Lai 
Wyoming. 

Do. 

Do. 

Da 

Do. 
Mouth  of  Buflklo  Fork  of  Snnlce 

River,  Wyoming. 
Head  of   BufEklo  Fork  of  Snake 

River,  Wyoming. 
Ridge  east  of  Heurv's  Lake,  Idnho. 
East  side  T6ton  Mountains,  Wyo- 
ming. 

Do. 

Do. 

Do. 

Da 
Nortli  Gros  Ventre  Butte,  Wyo- 
ming. 

Do. 

Do. 

Do. 

Da 
Gros  Ventre  River,  Wyoming. 

Do. 

l>a 

Da 
South   Gros  Ventre   Butte,  Wyo 
ming. 

Da 
West  Hide  T6tou  Pass,  Wyomihrf. 

Da 

Do. 

Do. 
Snake  River  Cafion,  AVyoniing 

Do. 

Do. 

Do. 

Do. 

Da 
Snake  River,  below  mouth  of  Salt 

River,  Wyoming. 
Snake  River,   head   of  u]>por  ba- 
salt-cnfion,  Wyoming. 

Swan  Vallej-,  Idaho. 

Da 

Da 

Da 

Do. 

Do. 

Do. 

Da 

Da 

Da 

Do. 
South  side  of  upper  basalt -cnfton 
Idaho. 

Da 
Near  Fort  Uall,  Idaha 
Lincoln  Valley,  near  Fort   Hall, 

Idaho. 
Near  Fort  Hall,  Idaha 
Lincoln  Valley,  Idaha 

Do. 


REPORT 


OF 


FRANK  H.  BRADLEY. 


GEOLOGIST  OF  THE  SNAKE  RIVER  DIVISKhN. 


REPORT  OF  FRANK  H.  BRADLEY,  GEOLOGIST. 


Washington,  D.  C,  April  5, 1873. 

Sir:  I  hand  yoa  herewith  my  report  upoD  the  region  examiDed  by  me 
daring  the  past  season,  while  accompanying  the  Snake  Biver  division 
of  yonr  party. 

After  working  for  about  a  month  at  Ogden,  while  onr  outfitting  was 
being  completed,  we  followed  well-marked  roads  to  Fort  Hall,  Idaho, 
and  thence  to  Market  Lake  Station.  Here  we  turned  off  into  the  almost 
nnbroken  wilderness,  and  spent  some  time  in  examining  the  T^ton  Mount- 
ains, from  which  region  we  passed  up  the  valley  of  Henry's  Fork  to  its 
head,  and  crossed  by  Tyghee  Pass  to  the  Upper  Madison,  which  we  also 
followed  to  its  source,  in  Madison  Lake,  after  stopping  by  the  way  to 
examine  the  geysers  and  hot  springs  of  the  Fire- Hole  Basins.  Thence 
we  crossed  the  divide  to  Shoshone  Lake,  examined  all  the  head-waters 
of  the  main  Snake  Kiver,  and  descended  that  stream,  via  Jackson's  Lake 
and  the  Grand  Canon,  to  its  emergence  into  the  Great  Basin,  reaching 
the  latter  at  a  point  only  a  few  miles  from  Fort  Hall. 

From  Ogden  to  Fort  Hall,  we  were  able  to  examine  but  a  narrow  strip 
of  country  ;  but,  beyond  the  latter  point,  frequent  side  trips  enabled  us  to 
understand  the  general  features  of  quite  wide  areas,  though,  at  several 
points,  we  were  so  much  hurried  as  to  neglect  certain  small  spaces, 
which  are  now  seen  to  have  been  essential  to  absolute  certainty  regard- 
ing the  connections  of  different  parts  of  our  work.  Upon  the  whole, 
however,  though  much  yet  remains  to  be  done  by  subsequent  explorers 
in  that  region,  I  am  satisfied  that  they  will  find  but  few  errors  in  our 
results. 

I  am  indebted  to  Mr.  Bechler,  our  chief  topographer,  for  many  distances 
and  bearings,  as  well  as  for  the  very  accurate  map  which  he  has  now 
nearly  completed,  and  upon  which  I  expect  to  color  the  outcrops  of  the 
various  formations.  I  am  also  indebted  to  Mr.  Hering,  astronomer  and 
meteorologist,  for  the  determination  of  most  of  the  levels  indicated  in 
this  report.  Mr.  Gnnnett,  of  your  own  party,  has  also  aided  me  in  this 
matter.  As  Mr.  Nicholson  remained  at  Fort  Hall  during  our  absence, 
taking  hourly  observations,  while  previous  barometric  comparisons  of 
Fort  Hall  and  Ogden  had  been  made  by  Messrs.  Gannett  and  Hering, 
I  place  much  reliance  on  the  determinations  of  elevations  throughout 
the  region  examined. 

The  skillful  pencil  of  Mr.  Holnies  has  supplied  the  sketches  which 
accompany  this  report,  the  materials  being  mostly  obtained  from  the 
photographs  of  Mr.  Jackson,  who  accompanied  us  as  far  as  to  the  Fire- 
Hole,  and  from  Mr.  Bechler's  field-notes. 

Mr.  Taggart  acted  as  my  assistant  during  most  of  the  trip;  and  his 
work  was  satisfactory. 

I  have  to  thank  our  surgeon,  Dr.  Curtis,  for  information  on  certain 
microscopical  i)oints,  as  well  as  for  much  personal  kindness. 
Yours,  very  respectfully, 

FEANK  H.  BRADLEY, 

Chief  Am^ttant  Geologist 

Dr.  F.  V.  Hayden, 
In  charge  of  the  Untied  States  OeologicaJ  Sitmey  of  the  Territories. 
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WAHSATCH  MOUNTAINS— OGDEN  TO  FOET  HALL. 

9 

The  first  installraent  of  the  party  reached  Ogden,  Utah,  which  had 
been  determined  on  as  our  rendezvous,  upon  the  evening  of  Friday, 
May  24 ;  and  the  work  of  the  season  was  commenced  on  the  following 
day,  by  the  ascent  of  a  peak  of  the  Wahsatch  Range,  which  stands  di- 
rectly back  of  the  town,  and  has  been  called  Ogden  Peak.  This  is  the 
culminating  point  of  that  block  of  mountains  which  is  sepamted  from 
the  northerly  and  southerly  continuations  of  the  range  by  the  cations  of 
Weber  and  Ogden  Rivers.  No  mercurial  barometer  was  taken  to  the 
summit;  but  its  height  was  twice  measured  with  aneroid  barometers, 
and  once,  roughly,  with  a  pocket-level.  The  elevation  was  thus  approx- 
imately deteriiiincd  at  5,298  feet  above  the  railroad  at  Ogden  Station, 
or  9,038  feet  above  the  sea-level. 

The  mountain  was  originally  pretty  well  covered  with  a  tolerably 
thick  growth  of  small-sized  pine  and  spruce,  with  some  cedar  along  the 
limeHtone-outcrops,  except  on  the  steepest  slopes,  which,  where  not  en- 
tirely bare  of  soil,  had,  and  still  have,  very  dense,  low  growths  ot  a  form 
of  'Mersey  tea,"  (Ce<inothu8  velutinm^)  and  of  small  ^'  mountain  mahog- 
any," {Cercocarpus  ledi/olins,)  mostly  so  depressed  by  the  winter's  snows 
as  to  have  taken  a  permanent  downward  slope,  which  greatly  increases 
the  ditficulty  of  the  steep  ascent,  but  often  renders  the  descent  alto- 
gether too  easy.  The  timber  has  mostly  been  cut,  except  on  the  highest 
parts  of  the  mountain ;  and,  along  the  small  canons  and  lower  sloi>es, 
the  places  of  the  pine  and  spruce  have  been  taken  by  a  small  growth  of 
scrub-oak  (Quercus  alba)  and  msi\i\eSy  {Acer  glabrum  and  A,  grandiden- 
tatum.)  This  oak  also  abounds  along  most  of  the  small  streams  which 
flow  from  all  the  canons,  and  extends  in  small  groves  far  out  upon  the 
terraces.  I  think  that  wo  may  reasonably  expect  these  and  other 
^'  hard  woods"  to  ijicrease  and  take  the  place  of  the  pines  which  have  so 
nearly  disappeared,  and  which  have  here  but  very  few  descendants. 

Upon  our  lirst  ascent  of  the  mountain,  we  reached  the  lower  edge  of 
the  snow,  upon  a  si)ur,  at  about  2,000  feet  below  the  summit,  and,  on 
our  return,  descended  to  nearly  the  same  level,  in  a  ravine,  by  ^^  sitting 
glissades,"  over  the  soft  surface. 

At  the  time  of  our  arrival,  the  streams  issuing  from  the  canons  were 
pretty  full,  though  variable,  by  reason  of  the  daily  meltings  and  nightly 
freezes ;  but,  before  our  de[)arture  for  the  northward,  the  snow  drifts 
were  so  greatly  reduced  that  their  flow  had  nearly  ceased  ;  and  the  irri- 
gation of  the  lower  ground  immediately  about  the  town,  until  then 
depending  on  these  streams,  was  supplied  entirely  from  Ogden  River, 
by  a  ditch  starting  at  the  mouth  of  Ogden  Caiion.  This  failure  during 
the  snmmerwill  render  the  cultivation  of  the  higher  terraces  impossible, 
or  at  least  extremely  i)recarious,  until  ditches  are  run  up  the  Ogden  or 
the  Weber  River  far  enough  to  take  w^ater  at  quite  a  high  level. 

Except  along  the  immediate  banks  of  the  streams,  these  terraces  are 
mostly  overgrown  with  sage-brush,  though  the  scrub-oaks  before  men- 
tioned also  spread  out  over  considerable  areas,  and  there  are  some 
patches  of  almost  barren  sand  and  gravel.  Along  most  of  the  mountain, 
there  are  only  three  prominent  terraces,  marking  old  lake-levels,  the 
highest  reaching  the  level  of  about  870  feet  above  the  railroad,  or  966 
feet  above  the  i)resent  lake-level ;  but  they  are  much  more  numerous 
near  the  mouths  of  the  streams,  where  the  stream-currents  have  dis- 
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tribuced  their  sedimeDt,  whea  the  lake-waters  were  at  these  higher 
levels.  Thiiteen  of  these  terraces  were  observed  on  a  line  between  the 
center  of  the  town  and  the  mouth  of  Ogden  Caiion,  the  highest  of  which 
was  less  than  400  feet  above  the  railroad.  Above  this  point,  the  foot  of 
the  mountain  has  been  swept  so  bare  of  rubbish  as  to  show  no  terrace 
UDtil  we  reach  the  highest,  which  was  slightly  outlined  on  the  up^r 
dopes. 

Most  of  the  material  of  these  terraces  is  entirely  nncompacted,  and 
the  edges  expose  beds  of  drifting  sand  and  loose  gravel ;  but,  at  two  or 
three  levels,  there  are  layers,  a  few  feet  in  thickness,  in  which  a  cal- 
careoQS  cement  has  more  or  less  consolidated  the  gravel  into  still  rather 
loose  and  xK>rons  conglomerates. 

The  debris  thus  deposited  along  the  base  of  the  mountain  has  so  cov- 
^1^  the  solid  strata  as  to  make  it 
difficalt  to  determine  their  exact 
positions  at  this  low  level ;  but  the 
upper  slopes  show  so  much  bare 
rock  as  to  make  the  general  strnc- 
tare  very  evident.  The  beds  form, 
as  was  stated  in  last  year's  report, 
a  huge  anticlinal,  whose  axis  makes 
a  small  angle  with  the  general  trend 
of  the  range ;  but  it  proves  to  be 
mach  more  complicated  than  was 
then  supposed.  While  its  eastern 
slope  is  nearly  regular,  its  western 
is  ^ite  irregular,  including  at  least 
two  subordinate  folds,  large  por- 
tions of  which  have  been  eroded, 
so  that  one  must  study  closely,  to 
be  able  to  supply  the  missing  links. 

The  accompanying  sketch  (Fig. 
44)  shows,  in  a  general  way,  the  ac- 
tual and  theoretical  section  through 
the  range,  at  Ogden  Peak. 

In  the  more  northern  i>ortiou  of 
this  block  of  mountain,  both  of  the 
folds  of  the  western  slope  make 
considerable  outcrops;  but  their 
axes  are  so  much  inclined  to  the 
horizon  that  the  bottoms  of  the 
folds  rise  rapidly  as  we  go  south- 
ward, until  they  pass  above  the 
present  surface,  leaving  the  west- 
em  slope  here  entirely  composed  of 
metamorphic  rocks,  in  which  no 
continuation  of  these  particular 
folds  can  be  traced.  The  southern 
portion  of  the  eastern  slope  was  not 
examined;  so  that  I  cannot  say 
just  at  what  point  of  the  eastern 
base  the  unmetamorphosed  rocks  disappear  from  it;  but  they  certainly 
show  no  outcrop  in  the  section  displayed  along  Weber  Caiion.  At  two 
or  three  points,  the  metamori>hic  rocks  show  some  slight  easterly  dips; 
but  most  of  their  dips  are  strong  westerly,  and  the  overljing  beds  are 
plainly  unconformable.  The  metamorphics  are  mostly  hornblendic 
13  G  8 
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gneisses,  with  some  granites  and  occasionally  cliloritic  and  talco-mica 
schists,  all  more  or  less  penetrated  by  quartz- veins.  One  of  these  veins, 
near  the  summit,  contains  considerable  quantities  of  translucent  semi- 
crystalline  masses  of  hematite.  These  veins  have  been  opened  at  various 
places  by  prospectors ;  but  nothing  of  any  value  has  yet  been  reported. 
Several  of  these  openings  were  examined ;  but  a  few  small  scattered 
crystals  of  pyrite  were  the  only  metallic  indications  seen.  The  so-called 
"  tin-mine  ^  was  not  visited.  Samples  of  its  ^'  ore"  appeared  to  be  merely 
massive  hornblende,  whose  high  specific  gravity,  due  to  the  presence  of 
iron,  probably  originated  the  idea  of  its  metallic  character.  A  "  graphite 
mine,"  about  twelve  miles  north  of  Ogden,  near  the  Hot  Springs,  was  ex- 
amined, in  company  with  its  owners,  and  found  to  be  a  small  opening  in  an 
irregular  quartz-vein  which  contains  a  few  small  flakes  of  graphit-e,  but 
gives  no  indication  of  the  presence  of  any  valuable  bodies  of  that  min- 
eral. On  the  whole,  it  api>ears  probable  that  no  valuable  mines  will  be 
found  in  the  metamorphic  rocks  of  this  neighborhood. 

Immediately  upon  the  metamorphics  we  find  about  1,500  feet  of  heavy- 
bedded  quartzite,  partly  white,  but  mostly  quite  ferrugmous.  It«  lowest 
layers  consist  of  a  coarse  conglomerate  of  large,  red,  gi*ay,  and  white 
qufirtz,  and  jasper  pebbles.  The  upper  portions  are  mostly  finer  grained, 
with  occasional  strenks  of  very  small  pebbles.  The  lines  of  false  bedding 
are  rather  irregular,  but  mostly  lace  the  west  or  southwest,  indicating 
open  sea  in  that  direction  at  the  time  of  their  deposition.  The  only 
fossils  found  in  these  beds  are  indistinct  fucoidal  markings,  resembling 
in  general  appearance  the  Arthrophycm  Harluni  of  the  Medina  sand- 
stone, but  plainly  not  identical  with  it^  From  the  character  of  the 
overlying  strata,  I  am  inclined  to  refer  this  bed  to  the  age  of  the  Potsdam 
sandstone.  It  forms  the  grand  arch  figured  in  the  report  for  1871. 
Just  to  the  south  of  this  arch,  the  horizontal  edges  of  its  outcrop,  in  the 
continuation  of  the  axis  of  the  arch,  form  a  high  clifl",  over  which  the 
waters  of  one  of  the  small  mountain-streams  falls,  first  in  a  steep  cas- 
cade 52  feet,  and  then  in  one  leap  263 — in  all,  315  feet — to  the  bottom 
of  a  narrow  ravine.  The  tumbling  rocks  under  the  8i)ray  of  the  fall 
were  covered  with  numerous  snails,  {Helix,  sp.) 

These  qunrtzites  are  overlaid  by  something  over  1,000  feet  of  gray 
calcareous  sbales,  without  fossils  so  far  as  seen,*  and  these  by  nearly 
2,000  feet  of  compact  blue  and  gray  dolomitic  limestone,  partly  oolitic  in 
structure,  partly  silicious  and  even  cherty,  partly  filled  with  irregular 
streaks  and  patches  of  ferruginous  clay.  In  this  immediate  neighbor- 
hood, this  bed  of  limestone  is  exposed  only  where  the  strata  have  been 
much  disturbed,  and  it  has  consequently  been  mostly  thoroughly  shiv- 
ered in  every  direction,  though  afterward  recemented  by  the  thin  sheets 
of  calcite  which  fill  all  the  crevices.  No  fossils  were  found  in  it  here- 
about, but  a  single  specimen  of  Ifalysites  catenulata^  the  characteristic 
coral  of  the  Niagara  group,  was  obtained  by  the  survey,  in  1871,  from 
the  upper  part  of  what  was  supposed  to  be  this  bed,  in  Box-Elder 
Canon,  some  twenty-live  miles  north  of  Ogden.  From  the  character 
of  the  rock,  however,  I  judge  that  at  least  the  larger  part  of  the 
bed,  together  with  the  underlying  calcareous  shale,  belongs  to  the 
Quebec  Group  of  the  Lower  8ilurian  age,  which  is  so  largely  develoi)ed 
along  the  Malade  Valley  farther  north.  It  is  not  impossible  that  here,, 
as  in  the  neighborhood  of  the  Teton  Mountains,  nearly  two  hundred 
miles  farther  north,  the  deposition  of  limestone  might  have  been  con- 
tinuous from  the  Quebec  epoch  onward  to  the  Niagara  epoch  or  even 
later. 

This  limestone  is  followed  by  a  second  heavy  bed  of  quartzite,  mostly 
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ferrojnooua,  flrom  3,000  to  2,500  feet  in  tbickness.    Xo  fossils  ^vcre  seen 
ID  it,  and  I  know  of  notbiug  wbich 
voald  give  any  grounds  for  judgiug 
as  to  its  age. 

This  is  followed  by  probably  3,000 
feet  of  qaite  com|iact,  tnoBtly  tbiu- 
bedded  gray  and  drab  Umestoue, 
largely  sillcioiu,  tbe  lower  part  even  q 
cberty  and  somewhat  geodiferous.  g 
Tbese  beds  contain  a  few  fossils,  ^ 
Zapkrentis,  &c.,  wbich  arc  plainly  | 
of  Carboniferous  age.  % 

Tbese  biglier  beds  make  no  a])-  | 
pearauce  upon  the  westcru  slope  of  ';. 
this  moiintuin-block,  except  in  the  V 
immediate  neigbborliood  of  Ogden  Z 
CaQoo.    Tlie  crest  of  tbe  mountain  i 
consists  of  tlie  lower  c^iartzitcs,  as  |. 
shown    in    tbe   section   previously  ': 
given.    TLe  upper  of  tbe  two  subor-  -^ 
dinate  folds  on  tbe  western  slope  bas  g 
its  eastern  side  much  8teei>er  than  i 
its  western,  and  at  some  ]>oint8  al-  i. 
most  pinched  out.    Tbo  lower  and  r  , 
more  westerly  one  bas  both  si<le8  ^  ^ 
qnite  steep,  and  the  two  edge»  of  |  c 
tlie  tbin  plate  of  limestone  which  |  '^ 
forms  its  central  portion  are  folded  «  f 
so  closely  together  as  to  appear,  at  ?  ! 
first  sight,  when  seen  from  below,  S,  I 
near  tbe  limekiln,  like  a  single  out-  "i*  | 
crop;  higher  on   tbe  spur,  where  |  ' 
they  perhaps  Bprea<l  a  little  more  I 
than  they  do  beUiw,  the  eastern  edge  C. 
bas  a  dip  of  only  from  HO^  to  53^,  g 
and  tbe  western  one  of  75°,  c 

The  following  is  a  section  of  the  I 
strata  as  they  are  exposed  in  Ugden  I 
Cailon.  (Fig.  4j.)  The  two  subor-  .? 
dinate  folds  of  the  western  slope  of  -" 
tbe  anticlinal,  having  more  westerly  i 
trends  than  the  mountain- range  it-  f 
self,  pass  under  tbe  valley  before  a 
reaching Ogden  Canon,  and,  acconi-  |- 
iagly,  are  not  seen  in  this  section,     i 

Id  ascending  the  stream  the  first  ^ 
graDd  fold  of  the  upper  limestone  is  s 
so  much  concealed  by  the  debris  as  ^ 
to  be  unnoticed  until  we  pHss  tbe 
second    bridge   and   come   to   tbo 
"weilge"  figured  in  the  report  of 
1871,  and  even  then  it  is  difficult  to 
trace  tbe  ontlines  of  the  fold  on  tbe 
upper  slopes.    The  second  fohl,  how- 
ever, is  very  prominent,  forming  an  immense  tilted   "Z"  upon  tbe 
BoiiDtain-side,  a  half  mile  long  and  at  least   1,000  feet  liigb.    The 
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upper  bar  of  the  "Z''  dips  16^  and  the  lower  one  11°  to  the  east- 
ward, while  the  connecting  stroke  has  a  dip  of  49^  in  the  opposite  di- 
rection. The  angles  are  very  sharp,  and  the  rocks,  correspondingly, 
so  much  broken  that  they  liave  yielded  readily  to  water-action  on 
the  south  side  of  the  caHon,  known  as  Walker's  Canon,  which  gives 
passage  to  a  large  stream  supplied  by  the  melting  snows  of  the  great 
hollows  on  the  northeast  side  of  Ogden  Peak.  Small  cold  springs, 
depositing  calcareous  tufa,  were  noticed  along  the  rocky  sides  of  this 
canon.  At  Dr.  Cannon's,  half  way  down  Ogden  Caiion,  a  strong  snlphor 
spring  flows  from  the  second  quartzite  on  the  north  side  of  the  river. 
The  foot-bridge,  which  generally  makes  this  accessible,  had  recently  been 
washed  away,  and  this  stream  was  not  fordable  at  the  time  of  our  visit, 
so  that  we  coul<J  not  measure  its  temperature.  The  water  was  said  to  ' 
be  warm  but  drinkable.  The  escape  of  gas  was  strong  enough  to  be 
noticeable  as  we  passed  along  the  road  on  the  opposite  side  of  the  stream. 
Near  the  mouth  of  the  canon  there  are  two  small  clusters  of  hot  springs, 
both  of  which  are  saline  and  ferruginous.  The  upper  cluster,  just  below 
the  lower  bridge,  and  within  the  mouth  of  the  canon,  flow  from  the  gran- 
ites, make  but  little  deposit,  and  have  a  temperature  of  136^.  The  lower 
ones,  just  outside  the' mouth  of  the  caiion,  have  formed  a  considerable 
mound  of  calcareous  tufa,  and,  for  that  reason,  are  supposed  to  come  up 
through  the  lower  limestones,  one  of  the  folds  of  which  should  be  in  place 
beneath  the  terrace  about  at  this  point.  The  thermometer  used  here 
was  too  short,  and  simply  indicated  a  temperature  of  125^  or  higher. 

The  lower  part  of  the  canon  through  all  its  length,  but  especially  near 
its  mouth,  is  more  or  less  lined  with  heavy  l^s  of  coarse  gravel, 
thoroughly  consolidated  by  a  ferruginous  cement.  In  some  places,  this 
forms  the  bed  as  well  as  the  banks  of  the  stream ;  but,  at  others,  it  ia 
cut  through,  and  the  original  well-worn  rock-bottom  of  the  old  channel 
is  exposed  beneath  the  gravel  by  the  side  of  the  road.  It  is  evident 
that,  when  this  caiion  was  originally  excavated,  the  Great  Salt  Lake 
was  not  far,  if  at  all,  above  its  present  level }  so  that  the  rushing  torrent 
which  wore  out  this  old  rounded  bottom  met  no  check  until  it  had 
passed  entirely  beyond  the  mouth  of  the  caiion.  There  followed  a  time 
when  the  lake  filled  nearly  or  quite  to  its  highest  terrace ;  and,  mean- 
while, the  Ogden  lliver  continued  to  bring  down  the  sand  and  pebbles 
which  it  had  before  been  accustomed  to  sweep  out  upon  the  lower  ter- 
race, but  now,  checked  by  the  rising  lake,  deposited  them  in  the  lower 
l)arts  of  its  old  channel,  until  they  accumulated  to  a  very  high  level, 
not  yet  accurately  located.  Again,  the  lake  retired,  and  the  stream 
again  cut  down  its  channel,  sometimes  reaching  its  old  level  and  some- 
times not.  It  is  evident  that  there  were  some  pretty  good  sized  cas- 
cades, at  least,  if  not  large  falls,  in  the  old  river  where  it  passed  over 
the  more  solid  limestones  and  qnartzites,  and  wore  away  the  softer 
iiiulerlyin*?  shales  and  schists.  The  conglomerated  gravel  has  worn 
more  evenly,  thoup^h  it  is  far  from  homogeneous. 

The  lower  bed  of  limestone  was  formerly  burned  in  small  kilns,  about 
a  mile  above  the  mouth  of  the  caiion  ;  but  the  local  supply  of  wood  is 
now  nearly  exhausted,  and  the  kilns  are  deserted.  The  same  bed  is 
used  in  a  kiln  at  the  mouth  of  Taylor's  Caiion,  just  back  of  Ogden, 
where  it  is  burned  with  coal  from  Evanston,  which  is  delivered  at  the 
O^den  station  for  $5  per  ton.  Hauling  to  the  kiln,  on  the  return  trips 
of  teams  which  haul  down  the  lime,  costs  $L*.GG  per  ton.  Three  tons 
burn  100  bushels  of  lime,  which  sells  readily  at  50  cents  per  bushel, 
delivered  in  Ogden.    The  kiln  burns  about  00  bushels  per  day. 

In  order  to  examine  briefly  the  southern  continuation  of  this  range, 
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and  to  get  some  idea  as  to  the  uniformity  of  character  of  its  formations, 
I  accompanied  Messrs.  Jackson  (oar  photographer)  and  Peale  (mineral- 
ogist) to  Salt  Lake  City  and  Little  Cottonwood  Canon,  the  latter  being 
about  fifty  miles  south  of  Ogden.  At  that  time,  June  20,  immense 
snow-drifts  still  remained  in  all  the  upper  parts  of  the  canon,  and  made 
it  imiK)ssible  to  obtain  more  than  a  very  general  idea  of  the  section. 
The  outer  (western)  part  of  the  canon  is  walled  solely  by  the  almost 
white  granite,  which  is  extensively  quarried,  near  its  mouth,  for  the 
Mormon  temple,  as  well  as  for  other  uses  about  Salt  Lake  City.  This 
is  entirely  different  from  anything  seen  near  Ogden.  From  the  strike 
of  the  bedding,  it  is  evident  that  the  lino  of  outcrop  would  pass  con- 
siderably to  the  eastward  of  the  crest  of  the  mountain,  in  making  only 
a  few  miles  of  northing.  The  dip  is  westward,  as  is  the  case  with  most 
of  the  metaraori>hic  rocks  near  Ogden.  Several  of  the  large  faces  of 
granite  exposed  in  the  quarry  showed  angular  and  rounded  patches  of 
darker  material,  which  were  evidently  sections  of  what  had  been  more 
or  less  rounded  pebbles  in  the  conglomerated  mass,  before  its  metamor- 
phism.  Unconformably  upon  this  granite  lies  a  heavy  mass  of  ferrigu- 
uous  quartzites,  whose  northern  continuation  forms  the  Twin  Peaks, 
said  to  be  the  highest  points  of  the  range.  Upon  this,  apparently  con- 
formably, lies  a  series  of  limestones,  the  lower  part  rather  thin  bedded, 
the  upper  part  in  heavier  layers.  The  lowest  beds  could  not  conven- 
iently be  visited.  A  short  distance  south  of  the  Flagstaff  mine,  a  small 
mass  of  rock  was  found  to  be  full  of  small  fossils,  including  some  char- 
acteristic forms  of  the  Sub  carboniferous.  A  few  others  were  found 
scattered  about  in  such  condition  as  to  satisfy  me  that  the  whole  cUis- 
ter  of  mines  surrounding  the  Emma  and  the  Flagstaff*  is  in  Carbonif- 
erous and  Sub  carboniferous  rocks,  so  far  as  yet  developed.  While  the 
age  of  the  lower  part  of  the  series  was  not  determined,  yet  it  was  evi- 
dent that  there  is  nothing  in  the  character  of  these  beds  which  should 
cause  us  to  anticipate  any  considerable  decrease  in  the  metallic  deposits 
before  reaching  the  underlying  quartzites.  At  that  level,  however, 
they  are  likely  to  be  greatly  diminished,  if  not  entirely  wanting.* 

Even  on  the  conq)aratively  moderate  slopes  of  the  head  of  the  valley, 
climbing  is  very  wearisome  ;  and  the  lower  part  of  the  caiion  is  hemmed 
in  by  immense  nearly  vertical  walls  of  granite,  standing  up  out  of  steep- 
est slopes  of  (Uhris,  From  these  l)are  walls  and  steep  slopes  descend,  in 
winter,  the  avalanches  which  have  buried  so  many  teamsters  and  others, 
and  which  will  continue  to  thus  destroy  life  and  property  until  the 
mining  companies  shall  unite  in  constructing  either  a  covered  or  an  ele- 
vated road  for  the  transmission  of  ore  and  supplies  as  well  as  of  pas- 
sengers. The  inexhaustible  supply  of  granite,  already  broken  by  na- 
ture to  manageable  size,  would  seem  to  make  the  construction  of  a 
covered  way  extremely  feasible. 

The  limestones  which  form  the  base  of  the  high-terrace  shoulder  of 
the  mountain,  at  the  Warm  Springs,  just  north  of  Salt  Lake  City,  show 
at  one  point  a  dip  of  25^  S.  38^  E.  They  apparently  belong  to  a  sub- 
ordinate fold  of  the  western  slope  of  the  main  anticlinal,  similar  to  those 
already  described. 

On  June  24  we  started  from  Ogden  on  our  northward  journey,  and 
camped  at  the  Hot  Springs,  about  ten  miles  from  that  city.  Alter 
crossing  Ogden  Iliver,  about  two  miles  below  the  mouth  of  its  caiion, 

•  As  thia  report  is  passiDg  thronp;h  tho  press,  I  find  that,  in  the  Engineering  anil 
MiniDC  Joanial  of  March  11,  1873,  Mr.  Henry  Engelmau  stateH  that  a  second  qnartzite 
is  in  pTaoe  in  the  Cottonwood  section.  The  lower  litiie.stoues  must  therefore  he  re- 
ferred to  the  Silarian  age,  as  at  Ogden. 
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vre  saw  the  village  of  North  Ogden,  some  four  or  five  mile^  to  tbe  right 
of  our  route,  at  the  foot  of  the  mouutain,  in  an  angle  of  the  lower  terrace, 
at  the  mouth  of  the  pass  which  afforded  communication  with  Ogden 
Hole  before  the  construction  of  the  road  through  the  i)reviously  impass- 
able eaiion.  The  mountain  between  this  pass  and  the  cation  has  a  base 
of  metamorphics,  a  precipitous  face  of  the  lower  quartzite,  an  upper 
moderate  slope  of  the  calcareous  shales  and  lower  limestone,  and  a  crest 
of  tbe  upper  quartzite.  In  the  portion  trending  back  toward  the  pass. 
the  shales  and  limestones  descend  somewhat,  and  have  been  weathered 
out  into  an  immense  amphitheater,  reported  as  being  very  grand  by  Dr. 
Peale,  who  examined  it. 

Tbe  hot  springs  are  located  immediately  at  the  foot  of  a  high 
shoulder  of  the  mountain,  consisting  of  the  upper  terrace,  preserved 
from  wear  and  upheld  by  a  mass  of  quartzites,  shales,  and  limestones, 
which  form  tbe  continuation  of  tbe  u]>permost  of  the  subordinate  folds 
on  the  west  Hank  of  Ogden  Peak.  Though  the  connecting  portion  is 
gone,  so  far  as  can  be  seen,  yet  some  portions  of  these  beds  are  doubt- 
less in  place  beneath  the  plain  which  stretches  past  North  Ogden  to 
near  the  mouth  of  Ogden  Caiion.  The  terrace  at  the  hot  springs  ex- 
l)oses  both  sides  of  the  fold  very  plainly ;  and  here  we  find,  as  on  Ogden 
'  Peak,  that  the  eastern  side  of  the  fold  is  much  the  steepest,  and  has 
been  pinched  out,  so  as  to  show  but  a  thin  outcrop.  The  portion  of  the 
terrace  next  to  the  mountain  consists  of  metamorphic  rocks,  as  does 
also  far  the  larger  part  of  the  mountain -face.  The  rocks  are  mainly 
hornblendic  gneiss  and  syenite,  with  quartz-veins.  The  crest  of  the 
mountain  here  consists  of  the  second  quartzite,  and  reaches  an  eleva- 
tion so  nearly  identical  with  that  of  Ogden  Peak  that  I  am  in  doubt 
which  is  the  higher.  • 

The  hot  springs  flow  from  the  quartzites  of  the  west  side  of  the  fold 
at  the  end  of  the  teiTace,  practically  on  the  same  line  of  crack  as  those 
just  outside  the  mouth  of  Ogden  Caiion. 

Just  beyond  the  springs,  several  of  the  high  spurs  of  the  mountain 
form  very  prominent  pinnacles,  being  capped  with  masses  of  the  first 
quartzite,  from  above  which*  the  overlying  calcareous  shales,  by  reason 
of  their  softness  and  the  easterly  dip,  have  been  readily  eroded.  This 
structure,  as  well  as  the  general  bedding  before  described,  can  be  plainly 
seen  by  those  who  may  pass  on  the  cars  between  Ogden  and  Corinne. 
A  fineVall  leaps  over  this  quartzite  in  Willow  Creek  Canon,  opposite 
Willard  City. 

As  we  pass  northward,  the  mountain  bears  farther  to  the  east^  the 
axis  of  upheaval  passes  out  under  the  plain,  and  the  quartzites  and 
limestones  decline  from  high  dips  to  nearly  level  positions,  the  second 
quartzite  passing  from  the  very  crest  to  the  very  bottom  of  the  mount- 
ain just  north  of  Box  Elder  Caiion,  back  of  Brigham  City,  and  about 
twelve  miles  from  the  hot  springs.  The  high  monocliiial  dips  seen  by 
Dr.  IJnydeu  aloDg  this  canon  in  1871  probiihly  represent  the  continua- 
tion of  the  axis  of  either  the  "wedge''  or  the  "Z"  of  the  upper  lime- 
stones in  Ogden  Caiion,  but  show  giTater  disturbance  than  was  there 
experienced.  For  about  six  miles  north  of  Ijrigham  City,  the  upper 
quartzite  forms  the  base  of  the  mountain,  but  then  disapi)ears,  and  the 
upper  limestone  alone  outcrops,  though  a  thin  local  bed  of  quartzite 
.appears  about  the  middle  of  its  section  for  a  short  distance.  At  Mr. 
Earnard's  place,  about  live  miles  above  Brigham  City,  I  was  shown  a 
fragment  of  galena  in  calcite,  with  some  green  carbonate  of  copper, 
from  an  opening  in  the  limestone  about  a  thousand  feet  up  the  mount- 
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ain.    The  lode  was  said  to  be  about  four  feet  thick.    The  ore  is  reported 
to  be  rich  in  silver,  and  arrangements  have  since  been  made  for  working  it. 

Some  of  the  limestone  along  here  is  quite  compact  and  furnishes 
good  building-stone,  which  dresses  well,  and  has  been  extensively  used 
iu  this  neighborhood  for  houses  and  barns,  the  supply  being  mostly 
obtained  from  the  piles  of  large  masses  swept  down  along  the  channels 
of  the  small  but  rapid  mountain-streams.  While  i)assing  down  this 
road,  upon  my  return  in  November,  1  saw  a  dozen  or  more  medium- 
sized  two-story  stone  dwellings  in  process  of  building  or  just  com- 
pleted, in  as  many  miles,  evincing  a  much  higher  degree  of  general 
pros|)erity  and  thrift  than  one  would  have  expected  from  a  view  of  the 
small  adobe  cottages  previously  occupied.  The  soil  is  evidently  fertile, 
•wherever  irrigated.  Stacks  of  wheat  and  corn  and  huge  piles  of  pump- 
kins were  constant  features  along  this  road  at  the  close  of  the  season. 

About  twelve  miles  north  of  Brigham  City  we  came  to  another  small 
cluster  of  hot  springs,  of  temperatures  varying  from  121o  to  128^. 
These  are  strongly  chalybeate  and  saline.  By  the  side  of  them  is  an- 
other cluster  of  springs  only  feebly  saline,  free  from  iron,  and  of  much 
lower  temperature,  mostly  about  08^.  Upon  my  return  in  November 
these  reached  72°,  but  had  a  much  smaller  supply  of  water.  The  hot 
springs  were  also  weaker,  and  reached  132<^.  Fremont  reports  them  at 
1340  in  1843.  The  water  of  these  springs  supplies  a  long  narrow  pond, 
hemmed  in  by  portions  of  the  lower  terrace  upon  which  the  road  runs 
at  this  point.  Cool  springs  are  said  to  break  out  along  this  pond :  but 
we  did  not  succeed  in  finding  them,  and  so  made  our  camp  on  the  bank 
of  Bear  Eiver,  about  two  miles  farther  on.  This  stream  is  here  slug- 
f^isb,  having  nearly  reached  the  level  of  the  lake,  though  yet  some  miles 
distant  from  it. 

Passing  up  the  road  about  seven  miles  farther,  we  approached  Ilamp- 
tou's  Bridge,  where  the  stream  is  much  more  rapid.  The  channel  of  the 
river  here  makes  a  sharp  turn  to  the  eastw^ird,  passing  through  the 
front  range  of  the  Wahsatch  Mountains  on  our  right,  while  the  northern 
continuation  of  the  valley  in  front  of  the  range  is  occupied  by  a  tributary 
now  known  only  by  the  name  of  Malade  Biver,  though  sometimes 
referred  to  in  old  publications  as  Koseaux  or  Red  Creek. 

The  immediate  channel  of  Bear  Eiver,  where  it  breaks  through  the 
inonntain,  at  the  i)oint  known  as  *'  The  Gates,''  is  narrow,  with  high 
precipitous  walls  of  light-drab,  comi)act  limestone,  partly  siliceous, 
from  which  I  could  obtain  no  fossils;  bnt,  from  its  position,  it  must  be 
Carboniferous.  The  strata  show  a  westerly  dip  of  about  25^,  and  evi- 
dently belong  to  the  west  side  of  the  anticlinal  upheaval,  whose  southern 
continuation  has  been  mentioned  as  crossing  Box  Elder  and  Ogden 
Canons.  The  cliffs  of  this  narrow  channel  reach  nearly  to  the  level  of 
the  top  of  the  second  principal  terrace.  On  the  north  side  of  ''The 
Gates,''  a  short  distance  back  from  the  edge  of  this  channel,  there  is 
another  considerable  break  in  the  upper  terrace,  showing  a  second 
channel  to  have  existed  when  the  stream  was  at  this  level;  and,  as  seen 
from  this  north  side,  the  appearance  of  the  surface  on  the  south  side 
indicated  the  probable  existence  of  still  a  third  old  channel,  along  the 
line  now  occupied  by  the  Utah  Northern  Bailroad,  (narrow  gauge,) 
which  there  crosses  the  range  into  Cacihe  Valley.  At  the  level  of  the 
upper  terrace,  the  old  valley  of  Bear  Eiver  spreads  out  to  a  width  of 
about  five  miles.  The  upper  terrace  itself  consists  almost  entirely  of  a 
grayish-white  limestone,  partly  line  grained  and  compact,  i)artly  coarse 
and  poroaSi  and  mostly  pebbly.  All  of  it  is  more  or  less  oolitic.  The 
compact  layers  are  entirely  destitute  of  fossils  5  but  the  more  i>ebbly 
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portions  contain  very  nnmerons  individuals  of  a  few .  specieB  of  ficesh- 
water  diells,  which  are  snffleient  to  mark  the  bed  as  cf  late  Tertiary 
(Pliocene  f )  age.  (Dr.  Gnrtis,  of  our  party,  afterward  obtained  firom  the 
shore  at  the  soathem  end  of  Salt  Lake  i^ecimens  of  oolitic  sand,  Which 
show  that  this  kind  of  calcareoos  deposit  is  still  forming  abundantly  in 
this  basin.)  The  beds  exposed  are  about  200  feet  thick.  They  show,  at 
this  point,  a  dip  of  about  2£P  sontii,  68P  west  As  no  coneqN)nding 
disturbance  of  the  surfhoe  of  the  terraces  is  apparent,  it  is  evident  that 
the  upheaval  antedates  tlie  Terrace  epoch.  The  lower  terraces  show 
extensive  deposits  of  coarse  gravel,  which  is  well  exposed  in  the  cuts  of 
the  Utah  Northern  BaUroad,  and  supplies  that  road  with  an  abundance 
of  superior  ballast. 

After  crossing  Bear  Biver^  the  Tertiary  limestones  are  found  covering 
the  entire  foot  of  the  mountam,  for  two  or  three  miles,  though  the  mount- 
ain itself  is  still  plainly  composed  of  the  older  limestone,  which  appears 
on  its  summit  Then  the  Tertiary  disappears  altogether,  and  the  upper 
qnartzite  rises  so  as  to  form  the  face  of  the  ridge,  for  four  or  five  nules. 
Then  the  Tertiary  comes  in  again,  in  a  heavy  body  of  comjpact  flinty 
limestones  and  siliceous  shales,  running  tO'  the  very  tops  of  the  hiUa, 
which  are  here  much  depressed.  The  strata  are  mainly  nearly  level, 
only  the  portion  nearest  the  valley  having  a  westerly  dip,  which  at  some 
points  reaches  40^.  About  nineteen  mUes  above  Hampton's  Bridge,  the 
mountain  rises  again,  and  the  Tertiaries  disappear  again,  exposing  the 
face  of  the  lower  limestone,  which  has  now  risen  so  as  to  form  tiie  en- 
tire mass  of  tlie  mountain.  At  the  junction  of  the  two  series  of  strata, 
it  is  evident  that  the  Tertiaries  lie  unconformably  upon  the  older  lime- 
stones, many  layers  of  which  are  here  crowded  with  fragments  of  tril- 
obitcs  and  other  fossils,  which  are  plainly  of  the  a^  of  the  Quebec 
group.  Among  the  specimens  from  this  locality  which  have  already 
been  worked  up,  there  are  at  least  fifteen  trilobites  of  the  genera  Cotio- 
corypliej  Bathyurus^  DieeUocephalus^  AgnoatuSj  &c.,  five  brachiopods,  two 
gasteropods,  and  one  pteropod.  As  we  approach  Malade  City  the  mount- 
ain becomes  higher  and  more  precipitous,  a  point  about  three  miles 
south  of  that  place  being  found  to  be  about  2,500  feet  above  the  river. 
Of  this  total,  about  2,000  feet  are  exposed  in  the  face  of  the  mountain, 
the  terraces  being  mostly  washed  away.  All  the  strata  exposed  belong 
to  the  Quebec  Group,  and  consist  mainlyof  limestones,  though  including 
perhaps  200  feet  in  all  of  sandstones,  partly  shaly,  but  mostly  thick- 
bedded  and  qaartzitic,  as  well  as  an  indeterminate  amount  of  interlam- 
inated  greenish  calcareous  shales.  The  uppermost  limestones  are  com- 
pact and  full  of  nodules  and  layers  of  chert ;  the  lower  ones  vary  greatly, 
from  pure  compact  to  coarsely  fragmentary,  to  fine-grained  sUicious, 
and  to  oolitic  and  coarsely  concretionary  forms.  The  colors  vary  from 
drab  to  blue,  gray,  buff,  flesh-color,  and  pale  red,  sometimes  uniform, 
sometimes  mottled  and  streaked.  Some,  of  the  beds,  of  both  the  lime- 
stones and  the  sandstones,  would  make  good  building-stone ;  but  these 
are  rather  too  high  in  the  section  to  be  conveniently  quarried  on  the 
face  of  the  mountain ;  though  they  could  probably  be  easily  reached  by 
ascending  some  of  the  numerous  canons  which  break  through  the  range 
in  this  neighborhood.  The  fossils  occur  at  various  levels,  from  bottom  to- 
to  of  the  section,  though  some  portions  of  considerable  thickness  are 
entirely  barren.  They  can  be  most  easily  obtained  fh>m  the  tumbled 
masses  of  the  different  beds  which  lie  numerously  along  the  foot  of 
the  mountain.  As  Malade  City  is  only  one  day's  ride,  by  stage,  from 
Gorinne,  the  locality  can  easily  be  visited  by  collectors  who  may  be  pass- 
ing oyer  the  Central  Pacific  Bailroad.    The  section  should  be  more  care* 
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fnlly  examined,  so  as  to  determine  the  positions  of  any  special  horizons 
which  may  be  marked  by  special  groups  of  fossils.  Time  did  not  per- 
mit me  to  make  so  thorough  examinations  of  the  different  beds  as 
such  determinations  would  require. 

The  finding  of  distinctively  Quebec  Group  fossils,  in  such  abundance 
and  through  so  great  a  thickness  of  strata,  was  a  matter  of  considera- 
ble interest,  since  this  was,  I  believe,  the  first  identification  of  this  hori- 
zon on  the  western  side  of  the  Rocky  Mountain  divide ;  and,  indeed, 
but  few  specimens  from  that  or  any  other  part  of  the  Silurian,  had  ever 
been  obtained  from  any  part  of  tlfie  country  west  of  Minnesota,  Mis- 
souri, and  Texas.  As  no  fossils  were  found  in  the  lower  limestones 
at  Ogden,  the  age  of  those  beds  was  in  doubt  until  the  identity  of 
stratigraphical  position  and  of  lithological  character  showed  that  they 
must  be  of  the  same  age.  The  first  examination  of  these  Malade  rocks 
was  made  at  a  point  where  the  section  terminated  below  in  a  very 
quartzitic  sandstone,  which  occupied  the  relative  position  of  the  Pots- 
dam, and  was  accordingly  referred  with  doubt  to  that  group  in  a  letter- 
extract  which  was  published  in  the  August  number  of  the  American 
Jonrnal  of  Science.  Later  examinations  have  shown  that  this  was 
really  a  part  of  the  true  Quebec,  whose  bavse  is  not  here  exposed. 

The  valley  of  the  Malado  is  broad  and  flat ;  the  stream  itself  is  slug- 
gish and  mostly  deep,  with  steep  banks  and  nuuldy  bed.  At  a  few 
])oints  there  is  rock  or  gravel  bottom,  but  crossings  are  few.  The  bor- 
dering flats  are  rich,  and  considerable  portions  are  well  cultivated,  pro- 
ducing heavy  crops  of  wheat  and  some  corn.  They  are  well  watered 
by  numerous  large  springs,  which  burst  up  at  various  points,  doubtless 
being  supplied  by  subterranean  streams  flowing  through  and  escaping 
from  the  limestones  of  the  mountain.  These  are  mostly  pure  and  cold 
springs;  but  at  one  point  near  the  stage-road,  about  a  mile  south  of 
Malade  City,  there  is  a  low  mound  of  calcareous  tufa,  surrounding  a 
small  spring  which  is  rather  warm,  but  still  drinkable.  Only  a  small 
amount  of  land  has  yet  been  irrigated  about  here.  The  ridge  which 
forms  the  western  boundary  of  the  valloj'  is  lower  and  more  rounded  in 
outline  than  that  upon  the  east.  It  was  not  visited,  but  the  apparent 
structure  and  color  of  its  bare  slopes  render  it  probable  that  it  also  con- 
sists of  Quebec  Group  rocks. 

The  old  route  across  the  divide,  to  the  Snake  Iliver  Valley,  passed  on 
to  the  head  of  the  ^lalade,  and  thence  to  the  left  and  down  Bannock 
Creek.  The  stage-route  now  turns  a  little  to  the  right  at  Malade  City, 
and  crosses  to  Marsh  Creek.  Following  it,  we  camped  at  Keene.v's  Sta- 
tion, four  miles  above  Malade  City,  and  stopped  over  one  day,  June  28, 
to  examine  the  neighborhood.  The  side  valley,  which  the  road  follows, 
makes  a  broad  break  through  the  eastern  mountain,  up  which  the  ter- 
races extend,  and  connects  with  a  narrower  valley  lying  between  this  and 
the  next  range.  Messrs.  Taggart  and  Coulter  accompanied  Mr.  Jackson 
to  the  summit  of  the  mountain  north  of  the  gap,  found  it  to  be  the  regular 
continuation  of  that  to  the  southward,  and  brought  in  a  few  character- 
istic fossils.  Mr.  Adams  accompanied  me  to  the  southward,  where  we 
found  the  back-slopes  of  the  mountain  covered  with  Tertiary  beds,  con- 
sisting mostly  of  thin-bedded,  light-drab,  clinking  limestones,  partly 
pure,  partly  earthy,  with  some  siricious  shales.  Some  of  these  beds 
would  probably  make  good  hydraulic  cement.  A  few  minute  ostracoids 
and  small,  indistinct  fresh- water  gasteropods  were  the  only  fossils  found. 
From  the  summit  of  the  mountain,  it  became  evident  that  these  Ter- 
tiary beds  extend  up  this  back  valley  to  that  of  Bear  River,  and  that 
this  crest  formed  two  long,  narrow  islands  in  the  old  Tertiary  lake. 
The  beds  have  a  slight  easterly  dip. 
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The  next  range  east  was  also  examined  in  a  hasty  reconnaissance  np 
Xew  Caiion,  which  opens  into  the  valley  about  four  miles  east  of  Kee- 
ney^s  Station.  The  lower  portion  of  the  canon  is  walled  with  heavy 
beds  of  ferruginous  quartzite,  belonging  with  the  lower  beds  at  Ogden, 
and,  like  them,  referred  with  little  doubt  to  the  Potsdam.  Some  small 
oxciivatious  have  been  made  by  mining  prospectors  in  some  of  the  more 
thinly-bedded  portions,  but  without  any  success.  Their  rubbish  gave 
no  indication  of  anything  which  should  have  encouraged  such  excava- 
tions. Above  the  quartzite  lie  heavy-bedded,  dark-blue  and  ferniginous, 
inii>ure  limestones,  which  belong  to  the  Quebec  group ;  but  no  fossils 
were  found.  The  dips  are  all  easterly  and  reach  5(P.  The  upper  part 
of  the  caiion  is  heavily  timbered  with  pine  and  spruce ;  and  residents 
of  Malade  City  have  combined  to  make  a  good  wagon-road  up  it,  for 
the  purpose  of  more  readily  obtaining  a  supply  of  timber  for  building 
purposes  and  for  fuel.  The  sharp  dips  of  the  caiiou  are  much  flattened, 
a  little  ftirther  south,  so  that  in  the  course  of  a  few  miles  the  quartzite 
and  the  lower  portion  of  the  limestone  disappear  beneath  the  upper 
edge  of  the  abutting  Tertiaries  of  the  valley.  A  c<aiion  on  the  east  side 
of  the  mountain  north  of  Keeney's  Station  has  yielded  a  considerable 
amount  of  maple-timber,  a  foot  or  more  through  at  the  butt,  and  30  to 
40  feet  long. 

The  small  stream-valley  which  the  stage-road  follows  nins  over  to  the 
east  side  of  the  main  valley  between  the  ridges,  and  leaves  the  Terti- 
aries exposed  in  white  banks  upon  the  slopes  of  the  western  ridge.  Mr. 
Stevenson  reported  having  examined  these  for  fossils  without  success. 

About  eight  miles  from  Malade  City,  we  reached  the  divide  between 
the  waters  of  the  Great  Basin  and  those  of  the  Columbia.  The  upper 
lake-terrace,  which  has  been  a  marked  feature  of  the  country  thas  lar 
upon  our  journey,  with  small  exceptions,  here  becomes  a  little  irregular 
and  much  washed,  but  apparently  reaches  to  the  very  summit,  as  if  this 
might  have  been  a  point  of  dribbling  outflow  for  the  waters  of  the  great 
lake  wlien  at  its  highest  level.  This  is  also  true  of  the  point  in  the 
upper  course  of  Bear  Kiver,  where  the  Port  Neuf  most  nearly  ap- 
proaches that  stream  in  the  same  broad  valley,  with  only  remnants  of 
the  old  terraces  forming  the  divide  between  them.  The  level  of  the 
divide  between  the  head  of  Marsh  Creek  and  the  Bear  Eiver  drainage, 
at  Eed  Kock  Pass,  as  ascertained  by  the  party  of  1871,  indicates  that 
this  was  inobably  another  point  of  outflow ;  and  the  divide  between  the 
head  of  the  Malade  and  Bannock  Creek  may  very  probably  have  been  a 
fourth,  since  Captain  Mullan  reports  that  as  "prairie-surface  of  clear 
gravel  formation.^  (See  Wagon-road  Report,  1803,  p.  70.)  Time  for- 
l)ade  our  working  out  the  details  of  these  i)oints  by  the  way,  and  I  can, 
therefore,  only  oiler  these  suggestions  as  to  points  worthy  of  more  de- 
liberate examination.  Without  any  very  accurate  determinations  of 
levels,  I  am  yet  inclined  to  believe  that  the  teiTace-levels rise  somewhat 
as  we  pass  to  this  northern  rim  of  the  basin,  im])lying  a  moderate  up- 
heaval of  the  whole  country  in  that  region,  which  may  have  taken 
place  while  the  lake  was  yet  full,  and  so  have  been  the  first  means  of 
separating  the  Great  Basin  from  the  Columbia  drainage.  1  agree,  how- 
ever, with  those  who  hold  that  the  decline  of  the  lake  from  these  old 
terrace-levels  has  been  due  mainly  to  a  climatal  change,  which  decreased 
precipitation,  but  either  left  the  evai)oration  constant  or  increased  it. 
These  variations  in  the  lake-level  are  still  going  on,  as  is  shown  in  the 
recorded  rise  of  the  surface  for  about  twelve  years,  until,  two  years  ago, 
it  began  to  decline  again.  I  have  questioned,  in  my  own  mind, 
whether  this  latter  decline  does  not  really  represent  the  result  of  dimin- 
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ished  rain-fall  theoretically  consequent  upon  the  largely-increased  con- 
sumption of  timber  in  the  building  and  since  the  completion  of  the 
Pacific  Bailroad.  On  the  other  hand,  upon  the  same  theory,  we  may 
refer  the  previous  rise  to  the  results  of  cultivation  of  land  and  planting 
of  trees,  and  may  expect  that,  as  these  increase,  the  lake  will  again 
begin  to  rise  and  to  spread  over  larger  areas. 

As  we  pass  down  from  the  Malade  divide  into  Marsh  Valley,  the 
Quebec  Group  limestone  and  underlying  (Potsdam  ?)  quartzite  outcrop 
on  our  right,  until  the  valley  spreads,  and  they  disappear  beneath 
the  level  of  the  lower  terrace.  These  terraces  are  very  strongly  marked 
through  the  whole  length  of  this  valley ;  and  an  upper  one  is  readily 
identified,  though  not  so  prominent,  at  the  level  of  about  1,000  feet 
above  the  stream.  They  are  on  too  largo  a  scale,  and  the  valley  is  too 
wide,  to  have  resulted  from  merely  the  drainage  of  the  small  area  of 
mountains  about  the  head  of  the  stream ;  and  I  am  strongly  of  the 
opinion  that  this  must  have  been  at  one  time  the  channel  for  a  large  out- 
flow from  the  Great  Basin. 

Bain  caused  us  a  day's  delay  at  Watson's  ranch,  (formerly  Carpen- 
ter's,) but  on  the  next  day  (July  1)  wo  moved  onward,  though  showers 
still  continued.  At  Watson's,  a  road  turns  off  to  the  upper  canon  of 
the  Port  Neuf,*  through  which  it  passes  to  the  head-waters  of  that 
stream,  where  it  meets  the  Soda  Springs  road,  and  then  crosses  the 
divide  to  Fort  Hall.  We  had  proposed  to  follow  this,  but  found  that 
the  river  was  still  high  and  the  fords  bad,  so  that  we  decided  to  con- 
tinue on  the  stage-road.  The  distances  by  the  two  routes  are  almost 
identical. 

The  face  of  the  high  terrace  at  Watson's  consists  of  Quebec  Group 
limestone,  partly  quite  cherty,  with  abuudant  characteristic  fossils, 
though  mostly  in  fragmentary  condition.  This  is  overlaid  by  heavy 
beds  of  white  quartzite,  followed  by  Carboniferous  limestones.  The  dips 
are  all  easterly,  varying  from  20^  to  40*^. 

A  short  distance  above  the  junction  of  Marsh  Creek  wiHi  the  Port 
Xeuf,  we  met  with  the  first  appearance  of  the  basalt-rock  which  fills  the 
Great  Snake  Eiver  Basin.  It  makes  its  first  appearance  as  a  naiTow 
stream,  which  forms  the  floor  of  the  upper  canon  of  the  Port  is^euf 
through  its  whole  length,  having  had  its  source  in  one  of  the  old  craters 
still  standing  near  Soda  Springs,  though  their  fires  have  long  been 
extinct.  A  short  distance  up  the  stream  from  the  point  where  the 
stage-road  strikes  it,  we  found  the  lowest  of  a  long  series  of  calcareous 
spring-deposits,  which  form  a  prominent  feature  of  thecailon  for  several 
miles,  damming  the  stream  at  numerous  points,  so  as  to  make  small  but 
pretty  waterfalls.  This  lower  dam  is  about  20  feet  high,  but  with  a  per- 
I>endicular  fall  of  only  about  12  feet.  In  the  caiion,  the  river  is  some- 
times one  side  of  the  basalt  and  sometimes  on  the  other.  Where  it 
strikes  the  wider  level  of  the  continuation  of  Marsh  Valley,  it  has  basalt 
on  both  sides  at  first,  but  soon  passes  to  the  right,  where  it  has  dugout 
a  channel  in  the  upturned  edges  of  the  borderiug  limestones,  leaving  the 
basalt  as  a  perpendicular  barrier  on  the  left,  which  rapidly  increases  in 
height  as  the  stream  descends.  The  surface  of  the  basalt  has,  of  course, 
some  slope,  corresponding  with  that  of  the  valley  at  the  time  of  the 
volcanic  outflow ;  but  it  is  here  much  more  moderate  than  that  of  the 
present  stream,  which  rushes  along  rapidly,  with  occasional  leaps  of  a 
few  feet.  The  foot  and  face  of  the  hill  on  the  east  side  of  the  valley  con- 
sist of  mostly  thin-bedded  limestones  of  the  Quebec  Group,  dipping 


•  Sq  named  after  an  old  FrcDch-Canadiau  trapper. 
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aboat  2fP  N.  51^  E.,  and  oontainiDg  a  few  ^foMdla.  These  beds  are 
overlaid  by  the  qnartoites  before  mentionedi  which  here  form  a  lofty 
mountaincrest  nmniDg  ncorthward  for  many  miles.  As  they  show  here 
great  thickness  and  only  moderate  distnrbance,  I  consider  this  a  very 
favorable  locality  at  which  to  examine  them  for  fossil  remains ;  bat 
none  were  fonnd,  and  the  precise  age  of  the  formation  is  uncertain.  At 
the  angle  of  the  cafion,  a  large  knob  of  the  limestones,  periiaps  500  foet 
in  height,  gives  a  fine  view  of  the  whole  cafion.  From  this  point,  the 
basalt  appears  as  a  high  flat-topped  ridge,  ocenpying  the  center  of  the 
valley,  on  the  west  side  of  which  the  narrow  valley  of  Goose  Oreek  has 
been  hollowed  ont  of  the  edges  of  the  lower  qnartzites.  A  small  stieam 
also  comes  in  from  the  right,  and  has  changed  its  channel  once  or  twice, 
80  that  a  considerable  knob  of  limestone  and  some  small  ones  of  basalt 
stand  ont  in  the  valley ;  bnt  the  streams  finally  cross  to  the  left  side  of 
the  valley,  leaving  the  basalt  entirely  on  the  right  The  road  crosses 
this  for  some  distance,  passing  among  walls  and  piles  of  the  ocAomnar 
rock,  and  then  descends  to  the  lower  level  near  Black  Bock  Station, 
where  the  basalt  abmptly  terminates. 

At  the  angle  of  the  caSLon,  we  had  tamed  sharply  to  the  west,  so  that, 
instead  of  following  the  strike  of  the  strata,  as  heretofore,  we  were  now 
travellDg  directly  across  the  edges  of  the  oatcrops.  Soon  after  we  torn, 
we  meet  the  outcrop  of  the  lower  qnartzites,  nptamed  at  varions  high 
angles  and  strongly  metamorphosed.  The  continnation  of  this  oroBS- 
section  is  confused :  one  anticlinal  is  plain  and  others  probably  exist ; 
but  qnartzites,  limestones,  calcareoas  schists,  aU  highly  metamorphosed, 
are  exposed  with  various  dips :  and  time  and  mosquitoes  forbade  the ' 
working  out  of  the  details.  These,  however,  though  of  local  interest, 
have  no  general  importance,  since  they  are  not  in  the  direct  line  of  ear 
northern  connection. 

Though  we  encountered  mosquitoes  and  gnats  in  very  troablesome 
quantities  at  several  other  points  on  our  trip,  yet  they  nowhere  equalled 
the  mass  which  met  us  between  Black  Bock  Station  and  the  lower  angle 
of  the  caiion.  Hundreds  of  thousands,  at  least,  i>erished  at  our  hands, 
as  we  hastened  through ;  and  such  passages  are  of  daily  occurrence  at 
this  season,  but  with  no  perceptible  decrease  in  their  numbers.  My  im- 
pression is  that  this,  being  a  somewhat  sheltered  point,  is  a  sort  of  gen- 
eral rendezvous  for  those  of  them  who  are  tired  of  facing  the  strong 
winds  which  so  frequently  sweep  over  the  unobstructed  levels  of  the 
broad  Snake  Biver  plain,  into  which  the  cafion  now  opens,  upon  turning 
northward  again,  after  making  five  or  six  miles  of  westing. 

Here,  again,  we  encounter  tosalt ;  but  it  seems  to  belong  to  a  lower 
layer  than  that  we  left  at  Black  Bock.  All  over  the  great  plain,  indeed, 
we  find  two  or  more  layers  of  basalt,  separated  by  greater  or  less  thick* 
nesses  of  sand  and  gravel,  partly  loose,  partly  consolidated  by  ferrugi- 
nous, silicious,  or  calcareous  cement.  If  two  layers  should  be  found 
superimposed,  at  any  point  in  the  upper  part  of  the  caiion,  I  should 
believe  that  they  had  resulted  from  two  distinct  ernptions  from  the 
volcanic  source  before  mentioned.  As  it  is,  it  is  not  impossible  that 
these  layers  in  the  outer  plain  have  been  ejected  from  some  central 
source,  have  overflowed  the  plain,  and  so  have  run  up  into  the  mouths 
of  the  valleys  opening  upon  it.  It  seems  hardly  x>ossible  that,  after 
flowing  seventy  or  eighty  miles,  the  lava  should  still  have  retained 
sufficient  fluidity  to  spread  out  in  a  solid  layer  over  the  plain.  What- 
ever the  source,  the  material  had  evidently  become  quite  viscid ;  for,  at 
some  points,  where  it  ran  over  small  inequalities  of  the  surfoce  beneath, 
it  now  stands  in  low  mounds,  which  would  not  have  been  the  case  if 
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it  had  been  very  flnid.  That  these  mounds  were  sot  all  formed  by  an 
undermining  and  sinking  of  the  surrounding  mass,  to  which  some  of 
them  have  very  properly  been  referred,  is  proved  by  the  tapering  shape 
of  the  closely-fitting  blocks  which  form  the  arch.  But  there  is  still 
room  for  study  on  all  these  points. 

As  the  canon  opens  toward  the  plain,  white  and  drab  friable  sand- 
stones, probably  of  Pliocene  age,  make  their  appearance  on  the  flanks 
of  the  bordering  hills.  As  nothing  of  the  kind  was  apparent  within  the 
caiion,  it  would  seem  either  that  the  whole  width  of  the  caOon  haB  been 
thoroughly  scoured  out  since  the  deposition  of  the  Pliocene  beds,  or 
else  that  the  stream  carried  so  much  and  so  rapidly-flowing  water  dur- 
ing the  Pliocene  epoch  as  to  prevent  the  deposition  of  such  beds. 
These  sandstones  dip  about  30<^  X.  11^  W.,  showing  that  the  dis- 
torteuices,  of  which  we  have  such  abundant  evidence,  continued  to  a 
very  late  period.  The  terraces  themselves  show  no  evidence  of  any 
local  disturbances;  their  levels  were  not  determined,  however,  with 
sufficient  accuracy  to  enable  us  to  judge  whether  or  not  any  general 
upheaval,  such  as  has  already  been  suggested,  might  have  affected  this 
region. 

Leaving  the  Snake  Eiver  plain  at  Eoss's  Fork,  we  followed  up  the 
valtey  of  that  stream  some  six  or  eight  miles,  and  then  crossed  a  divid- 
ing ridge  to  Lincoln  Valley  and  Fort  Hall,  which  post  we  reached  about 
noon  on  July  3.  Thus  far  we  had  followed  well-traveled  roads,  and  had 
transported  ovs  baggage  and  provisions  in  wagons ;  but  now  we  were 
soon  to  leave  roads  entirely,  and  accordingly  turned  in  our  wagons  and 
fitted  out  a  train  of  pack-mules.  During  the  week  thus  occupied,  we  were 
enabled  to  examine  a  considerable  territory  in  the  neighborhood  of  the 
I)pst. 

At  Eoss's  Fork  we  had  struck  the  line  of  the  old  emigrant-road  across 
the  mountains  to  Oregon.  This  road  crossed  from  Green  Eiver  to  the 
head  of  Bear  Eiver,  down  that  stream  to  Soda  Springs,  thence  across 
the  head  of  Port  Keuf,  and  through  a  low  gap  to  the  head  of  Eoss's  Fork. 
Near  the  mouth  of  Eoss's  Fork  it  crossed  Snake  Eiver,  and  thence  ran 
in  almost  a  direct  line  past  the  westernmost  of  the  Three  Buttes  to  the 
foot  of  the  Salmon  Eiver  Mountains. 

Lincoln  Valley,  as  a  whole,  is  broad  and  flat,  with  mostly  gentle 
slopes  rising  to  the  crests  of  the  bounding  ridges.  On  the  wet 
bottoms,  large  quantities  of  a  coarse  grass  are  cut  for  the  stables  at  the 
post.  The  slopes  are  covered  with  various  grasses,  sedges,  and  other 
forage-plants,  which  make  flne  grazing  for  nearly  the  whole  year.  In 
this  excessively  dry  atmosphere,  these  plants,  which  are  ripe  and  have 
stopi>ed  growing  by  midsummer,  lose  their  moisture  so  rapidly  as  to 
escape  the  decay  common  in  the  damp  air  of  the  Eastern  States,  and  so 
beoome  natural  hay  while  still  standing,  and  mostly  retain  their  nutri- 
tions qualities  until  the  melting  of  the  snow  and  the  setting  in  of  the 
spring-rains,  which  start  the  new  growth  while  occasioning  the  decay 
of  the  old.  Here  in  the  foot-hills,  the  snows  sometimes  lie  deep  enough 
to  prevent  the  stock  from  reaching  the  standing  grass,  and  so  a  supply 
of  hay  is  essential  to  their  wintering.  Only  a  few  miles  westward,  how- 
ever, the  snows  are  generally  so  light  and  melt  so  rapidly  that,  in  an 
ordinary  winter,  no  hay  is  needed ;  and  stock  range  through  the  whole 
winter,  never  even  coming  to  the  ranches  of  their  own  accord.  This 
neighborhood  was  formerly  one  of  the  favorite  winter-rendezvous  of  the 
trappers  and  fur-traders ;  and  the  plains  and  foot-hills  then  supported 
vast  herds  of  buffido,  as  well  as  many  antelope,  deer,  elk,  and  bears. 
The  region  is  now  so  much  frequented  that  none  of  these  animals  are 
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often  seen,  except  when  the  deep  snows  drive  them  out  of  the  mount- 
ains, and  the  buffalo  is  here  entirely  exterminated. 

Hollows  on  the  northern  slopes,  where  the  snow  lies  late  in  the  spring, 
and  so  furnishes  the  requisite  moisture,  are  mostly  filled  with  little 
copses  of  scrubby  cotton  wood.  The  higher  and  more  rocky  parts  of  the 
hills  bear  large  numbers  of  stunted  cedai*s,  {Juniperus  ocddewtalis.)  One 
of  these  was  seen,  a  half  mile  east  of  the  fort,  which  measured  41  inches 
in  diameter,  while  only  12  feet  high,  a  form  probably  resulting  from  the 
great  dryness  of  the  atmosphere.  Large  pines  are  brought  from  the 
cafions  in  the  north  slopes  of  Mount  Putnam,  (formerly  known  as  Sub- 
lett's  Teak.) 

The  spur  which  divides  Ross's  Fork  from  Lincoln  Valley  seems  to  be 
the  linal  termination  of  the  limestone  ridge  which  formed  the  eastern 
boundary  of  Marsh  Valley  and  of  the  upper  part  of  the  lower  canon  of 
the  Tort  Xeuf,  and  is  mainly  a  monoclinal  ridge  with  strong  easterly 
dips.  Its  culminating  point  is  a  lofty  peak,  now  called  Mount  Putnam, 
standing  about  twelve  miles  south  of  Fort  HalL  Its  western  base  was 
not  examined  ;  but  it  is  evident  that  the  lower  quartzite  forms  a  large 
portion  of  its  lower  face,  followed  above  by  from  200  to  300  feet  of  drab, 
thin-bedded  limestone,  in  which  no  fossils  were  seen ;  then,  from  100 
to  150  feet  of  compact,  coarse,  pebbly  sandstone,  nearly  pure  white ; 
then  several  hundred  feet  of  dark  drab,  pebbly  limestone,  evidently  of 
Quebec  Groui)  age,  though  only  fragmentary  fossils  could  be  found,  with 
the  exception  of  a  single  Ophileta.  A  covered  space  follows,  appar- 
ently underlaid  by  the  continuation  of  the  last-named  limestone,  and 
then  comes  an  outcrop  of  about  50  feet  of  compact,  fine-grained,  white 
sandstone,  overlaid  by  from  200  to  300  feet  of  a  light-drab  vesicular 
limestone,  much  resembling  in  texture  the  Niagara  limestone  of  Indiana 
and  Illinois,  and  probably  representing  either  the  Upper  Silurian  or  the' 
Devonian.  Neither  of  these  beds  showed  fossils.  Immediately  above 
come  heavy  beds  of  Carboniferous  limestones,  300  feet  or  more  in  thick- 
ness. Their  lowest  layers  include  some  pretty  pure  limestones,  some  of 
which  are  partly  oolitic  and  contain  great  numbers  of  minute  fossils, 
the  mass  looking  much  like  the  layers  of  the  Saint  Louis  limestone  at 
the  famous  locality  of  Spergen  Hill,  Indiana,  except  that  the  color  is  a 
dark-bluish  drab.  From  masses  collected  here,  over  forty  species  of 
brachiopods,  conchifers,  gasteropods,  pentremites,  corals,  and  bryo- 
zoans  have  been  separated,  of  which  Mr.  Meek  has  already  identified 
fourteen  with  well-known  Spergen  Hill  forms.  Mr.  Meek  informs  me 
that  thest^  are  the  first  distinctively  Spergen  Hill  forms  yet  brought 
from  the  Eocky  Mountains.  It  will  be  remembered  that  a  few  alUed 
forms  from  Little  Cottonwood  Canon,  Utah,  have  already  beeii  men- 
tioned in  this  report.  These  beds  are  followed  by  several  hundred  feet 
of  very  cherty  limestone,  rarely  contiiining  any  fossils,  except  a  large 
Zaphrentift  (Z,  fStanHburyi,)  which  is  very  abundant  in  some  layers.  The 
upper  part  of  the  series  consists  of  mostly  pure  limestones,  from  which 
a  few  specimens  of  Spiri/er^  Frodu<:tuSj  &c.,  were  obtained.  The  rocks 
of  this  series  form  the  upper  part  of  the  western  face  as  well  as  the 
summit  and  eastern  slope  of  Mount  Putnam. 

Passing  northward  along  the  line  of  this  ridge  we  find  it  much  eroded 
and,  in  two  places,  cut  entirely  through  by  small  tributaries  of  Eoss'S 
Fork.  In  these  gaps,  the  lower  quartzites  outcrop  clear  through  the 
ridge,  while  the  intermediate  knobs  are  capped  with  the  Quebec  group 
limestone.  Tlie  strike  of  the  beds  runs  a  little  to  the  east  of  the  line  of 
the  ridg(s  so  that  the  Carboniferous  limestones  pass  out  from  the  main 
spur  and  form  the  high  knob  which  stands  at  the  south  end  of  the  main 
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part  of  Lincoln  Valley.  On  the  eastern  slope  of  this  knob  appear  the 
overlying  beds,  consinting  of  a  few  hundred  feet  of  thin-bedded  ferrugi- 
noas  sandstone,  with  few  fossils,  apparently  Carboniferous,  with  a  hun- 
dred feet  or  more  of  bright-red  sandstones,  possibly  Triassic,  followed. 
by  brown  and  drab  thin-bedded  limestones,  crowded  with  PseudomonotiSf 
Lingular  Aviculopecten  (f ,)  &c.,  which  are  evidently  of  Jurassic  age.  The 
dip  of  these  latter  beds  is  here  15^,  N.  44°  E. ;  and  no  unconformability 
is  evident  from  the  very  base  of  the  lower  quartzite  to  the  top  of 
the  exposed  beds.  At  other  points  in  the  neighborhood,  however,  cer- 
tain distortions  and  displacements  led  me  to  suspect  a  partial  uncon- 
formability between  the  Carboniferous  and  the  Jurassic. 

Passing  farther  out  on  the  main  spur,  nearly  to  the  road  running  from. 
Fort  Hall  to  Ross's  Fork  the,  older  beds  mostly  disappear,  only  a  thin  out- 
crop of  the  shelly  Jurassic  limestones  being  located  by  loose  blocks  in 
the  soil  on  the  west  slopes,  while  the  crest  and  eastern  slopes  of  the 
spur  consist  of  white  and  light-gray  Pliocene  sandstones  and  limestones^ 
interlamiuated  with  trachytic  porphyries  and  coarse  volcanic  sandstones,. 
all  dipping  about  north  64P  east,  at  angles  varying  from  15°  to  30^. 
These  dip«,  which  gave  renewed  evidence  of  late  disturbance,  even  later 
than  the  commencement  of  volcanic  eruptions  in  this  region,  continue 
with  little  change  to  the  very  extremity  of  the  spur,  where  the  opposite 
side  of  the  anticlinal  fold  is  also  apparent  in  the  basalts,  which  dip  72^^ 
S.  340  W.  The  examination  was  not  carried  far  enough  to  ascertain  cer- 
tainly whether  these  tilted  basalts  are,  or  are  not,  continuous  with 
either  of  the  beds  which  floor  the  great  plain. 

On  the  east  side  of  Lincoln  Valley  there  is  either  a  small  fault  or  a 
very  sharp  double  fold.  Al)out  five  miles  south  of  the  fort,  on  the  east 
side  of  the  road  to  Soda  Springs,  the  Jurassic  shaly  limestones  lie  at  the 
foot  of  the  ridge,  with  a  dip  of  about  35o,  N.  lOo  E.,  while  its  higher 
portions  include  sandstones  and  interlamiuated  limestones,  probably  of 
Carboniferous  age,  dii)ping  65^^  N.  45°  E.  A  more  eastern  portioa 
of  this  same  ridge  shows  the  other  side  of  a  synclinal  in  these  same 
Carboniferous  sandstones,  dipping  46°,  S.  58^  W.  In  the  axis  of  the 
synclinal  the  Triassic  red  sandstone  shows  a  thickness  of  100  feet  or 
more,  at  a  point  about  one  and  a  half  miles  east  of  Fort  Hall,  and  visible 
firom  that  post.  The  most  easterly  portion  of  this  ridge,  approaching 
the  valley  of  Blackfoot  Fork,  exhibits  another  anticlinal  and  another 
synclinal,  the  eastern  edge  of  the  latter  culminating  in  the  highest  point 
of  the  outer  end  of  the  spur,  which  received  from  our  topographers  the 
name  of  Higham's  Peak,  in  honor  of  the  proprietor  of  the  nearest  ranch. 
From  this  high  point  it  becomes  evident  that  the  valley  of  Blackfoot 
Fork  occupies,  for  a  considerable  distance,  the  axis  of  a  broad  anticlinal;, 
and  considerable  thicknesses,  of  Carboniferous  limestones  are  exposed  on 
both  sides.  The  immediate  month  of  this  valley  is  rather  wide  and  flat, 
tbongb  the  channel  of  the  stream  itself  is  comparatively  deep  and  nar- 
row, but,  from  a  point  above  five  miles  up,  the  stream  is  for  many  miles- 
deeply  caiioned  in  basalt  which  floors  the  valley  as  a  corresponding 
stream  does  that  of  Port  Neuf ;  and  it  is  prob<abie  that,  here  as  there, 
the  valley  has  given  exit  to  the  overflow  of  some  volcano  near  its  head,. 
which  is  verj'  near  to  the  head  of  Port  Xenf  and  the  Soda  Springs.  The 
extremity  of  the  dividing  ridge  beyond  Higham's  Peak  consists  of  the 
Carboniferous  sandstones,  nearly  or  quite  to  the  level  of  the  plain.  If  any 
yolcauic  rocks  have  ever  rested  upon  it,  they  have  been  so  thoroughly 
eroded  as  to  leave  no  trace;  but  the  ridge  next  east  of  Blackfoot  Fork 
terminates  in  a  mass  of  porphyries. 
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CHAPTER    II. 

MARKET  LAKE— CRATER  BUTTES— TfiTON  MOUNTAINS- 
HENRY'S  FORK— HENRY'S  LAKE— MADISON  RIVER— GEY- 
SER BASIN— REUNION. 

Having  comploted  our  outfit,  through  the  kind  assistance  of  Captaia 
Putnam  and  his  aids,  who  did  all  in  their  power  to  forward  our  plans, 
though  at  the  same  time  showing  such  courteous  hospitality  that  we 
were  loth  to  leave  them,  we  started  again,  on  the  lUth  of  July,  and 
camped  at  Higham's  ranch,  on  Blackfoot  Fork,  after  a  drive  of  only 
seven  miles.  This  stream  was  named  after  the  well-known  Indian  tribe, 
whose  warriors  once  infested  this  region  to  the  great  discomfort  and 
danger  and  frequently  loss  of  the  trappers  and  traders  passing  through 
or  wintering  near  here.  At  present  members  of  the  tribe  are  rarely,  if 
ever,  seen  on  this  side  of  the  mountains,  and  the  generally  peaceable 
tribes  of  Shoshones,  Bannocks,  and  Boises,  whose  reservation  reaches  to 
the  southern  bank  of  the  stream,  were  the  only  ones  seen  by  our  party 
on  the  entire  trip. 

Either  westerly  winds  or  the  waves  of  the  old  lake,  which  is  supposed 
to  have  covered  this  broad  plain,  have  accumulated  in  this  neighbor- 
hood considerable  bodies  of  fine  sand.  As  we  approach  the  mouth  of 
Lincoln  Valley  we  encountered  broad  stretches  of  this  sand,  i)artly 
covered  with  a  scattered  vegetation,  partly  bare  and  drifting.  On  one 
of  these  drifting  patches  lies  the  bleached  trunk  of  a  large  Cottonwood, 
though  no  such  trees  are  now  to  be  found  for  miles  around.  Has  the 
gradual  drying  up  of  the  country  only  recently  permitted  the  sands  to 
drift  and  accumulate  here  f  And  did  its  accumulation  kill  off  a  formerly 
extensive  growth  of  trees  at  this  point  f  Here  also  appears  the  first  of 
a  long  range  of  sand-knobs,  which  are  seen  at  short  intervals  for  some 
miles,  until  they  finally  are  lost  in  the  irregular  sand-plain  along  the 
lower  course  of  Sand  Creek. 

The  roa(J  we  are  now  following,  between  Ross's  Fork  and  Taylor^s 
bridge,  is  much  used  by  drovers  and  freighters,  when  they  are  going 
south  with  empty  wagons.  Being  less  traveled  than  the  stage-road, 
which  follows  directly  up  the  river,  the  grazing  is  generally  better,  while . 
the  distance  is  about  the  same,  and  the  grades  over  the  ridge  west  of  Fort 
Hall  are  not  very  steep,  being  only  about  88  feet  to  the  mile. 

A  fine  young  greyhound  had  accompanied  us  from  the  post,  but  the 
march  of  thirteen  miles,  from  Blackfoot  Creek  to  Sand  Creek  crossing, 
under  a  scorching  sun  and  without  water,  was  too  much  for  her  endur- 
ance, and  she  died  of  thirst,  about  a  mile  from  our  camp  on  the  latter 
stream.  This  creek  is  said  to  have  been  entirely  dry  on  June  24,  1871, 
when  crossed  by  Dr.  Uayden's  party,  and  we  accordingly  attributed 
its  fullness  at  the  time  of  our  anival  solely  to  the  unusually  large  sup- 
ply of  water  furnished  by  the  immense  snow-fiill  of  the  previous  winter; 
but,  upon  our  return  in  October,  we  found  its  channel  still  carrying 
from  V2  to  15  feet  of  water,  and  w<mo  obliged  to  look  to  some  other 
source  for  the  change.  Our  guide,  Jiichard  LiMgh,  generally  known  as 
*' Beaver  Dick,^  who  has  long  lived  in  this  region,  informed  us  that  for 
many  years  this  channel  had  carried  no  water  except  during  rains, 
when  it  gathered  small  amounts  from  its  immediate  banks,  but  that, 
two  or  tliree  years  since.  Willow  Creek,  which  had  previously  emptied 
its  waters  into  Snake  River  by  two  mouths,  one  about  a  half-mile  and 
the  other  about  two  miles  above  Taylor's  Bri<lge,  broke  over  its  banks 
in  time  of  flood  and  poured  i)art  of  its  suri)lus  into  Sand  Creek.    Since 
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then,  tlie  latter  stream  has,  daring  the  spring,  carried  more  or  less 
water,  which,  however,  has  all  snnk  into  the  sands  of  the  lower  part  of 
the  channel  before  reaching  Blackfoot,  to  which  it  should  naturally  be 
tributary,  if  we  may  judge  by  the  shape  of  the  country  as  seen  from 
Higham's  Peak.  Indeed,  from  that  point,  certain  water-courses  were 
seen  which  lead  me  to  suspect  that,  after  once  sinking,  it  again  escapes 
from  the  sand  and  renews  its  individuality,  at  least  for  a  short  space. 
At  present,  it  is  evident  that  the  connecting  channel  has  been  so  deeply 
cat  that  Sand  Creek  carries  far  more  water  than  does  the  original  chan- 
nel of  Willow  Creek  below  the  separation;  and,  if  this  continues  to  be 
the  case,  it  is  not  improbable  that  it  may  succeed  in  clearing  away  the 
sand-obstructions  from  its  lower  channel  and  in  establishing  complete 
sarface-connection  with  Blackfoot.  The  tracing  of  these  oFd  channels — 
and  of  others  which  doubtless  exist  in  this  broad  flat  plain — and  the  de- 
termination of  the  relative  dates  of  their  occupation  will  be  of  much 
local  interest  to  geologists  who  may,  in  the  future,  make  their  homes 
hereabout.  On  the  upper  course  of  Sand  Creek^  later  in  the  season,  we 
found  many  shells  in  the  soil  of  the  banks,  giving  further  proof  of  the 
lateral  movements  of  the  old  channels,  while  yet  the  general  course  of 
the  drainage  was  unchanged. 

Grossing  Snake  River  at  Taylor's  or  Eagle  Bock  Bridge,  we  encamped 
on  its  west  bank,  about  seven  miles  above.  The  stream  was  very  full, 
carrying  an  immense  body  of  water,  whose  surf<vce  was  constantly  brokeu 
by  the  eddying  whirls  characteristic  of  irregular  bottoms.  After  a  long, 
hot  day,  the  temperature  of  the  stream,  at  6.20  p.  m.,  was  62^,  the  air 
being  at  78o.  At  4.20,  on  the  next  morning,  with  the  air  at  47^,  (the 
niiuimam  thermometer  marking  44^,)  the  river  was  still  at  62^.  Only  a 
very  large  and  much-disturbed  flow  of  water  could  thus  escape  all  eflects 
of  so  great  an  atmospheric  change  of  temperature. 

At  medium  and  low  stages  of  water,  the  river  is  confined,  at  the 
bridge,  to  a  single  narrow  and  deep  channel,  worn  in  the  basalt ;  •but,  in 
times  of  flood,  it  here  occupies  two  bridged  channels,  and  elsewhere 
spreads  considerably  upon  its  banks.  On  either  side  there  are  old 
channels,  more  or  less  plainly  marked,  which  were  occupied  by  the 
stream  at  times  before  it  had  worn  its  present  channel  so  deep  into  the 
rock.  In  passing  northward,  we  found  many  of  these,  mostly*  dry, 
.though  some  of  them  are  occupied,  during  the  rainy  season,  by  the 
drainage  of  the  neighboring  plain  pnd  retain  some  pools  through  most 
of  the  year.  The  road  here  follows  the  bottoms,  without  anywhere 
rising  to  the  level  of  the  surrounding  plain. 

On  the  morning  of  July  10,  we  left  the  stage-road  at  Miarket  Lake 
Station,  and  turned  eastward  toward  the  Tetons,  whose  highest  peak  had 
been  visible  at  intervals,  just  above  the  horizon,  ever  since  we  crossed 
the  river.  The  basal^terrace,  which  here  stands  from  50  to  60  feet  above 
the  stream,  is  much  broken  near  its  borders,  the  edge  being  more  or  less 
undermined  and  sunken.  At  short  distances  within  the  borders  are 
many  depressed  areas,  occupying  a  few  acres  each,  whose  walls  appear 
to  have  once  inclosed  small  ponds ;  but  these  have  long  since  been 
drained  through  the  underlying  sand  and  gravel,  when  the  river  cut  its 
channel  to  this  lower  level.  Here,  again,  we  see  many  of  the  unbroken 
knolls  of  basalt,  evidently  consequent  upon  the  shape  of  the  underlying 
surface  at  the  time  of  the  overflow. 

Since  leaving  Sand  Creek,  we  had  had  constantly  in  view  two  rounded 
buttes  of  moderate  elevation,  which  were  now  immediately  in  front  of  us. 
As  we  approached,  we  found  that  they  stood  in  the  lower  angle  between 
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Ilenry's  Fork  and  the  main  Snako  River,  and  were  separated  from  the 
basalt  plain  to  the  west  by  a  broad  depression  of  springy  ground,  which 
is  probably  occupied  by  the  river  in  times  of  flooil.    This  was  probably 
once  a  channel,  if  not  the  main  one,  of  Henry's  Fork.    It  is  even  i>ossi- 
ble  that  this,  with  the  valley  on  the  east  side  of  the  buttes,  form^  one 
broad  river-plain  before  the  eruption  of  these  hills ;  for  these  Grater 
Buttes,  as  we  called  them,  are  old  volcanic  vents.    The  more  northern 
was  exannued  w  ith  some  care.    It  rises  about  500  feet  above  the  river, 
upon  an  oval  base  of  about  one  by  one  and  a  half  miles  in  diameter.    Its 
crest  is  rugged,  showing  some  small  clifts,  while  its  slopes  consist 
mostly  of  sliding  sand,  both  line  and  coarse,  and  are  mostly  more  or  less 
covered  with  a  straggling  growth  of  bushy  shrubs  and  small  pines  and 
cedars.     Its  crater  is  about  a  half  mile  long  by  about  a  quarter 
mile  wide  and  perhaps  150  feet  deep.    At  one  or  two  points,  small 
quantities  of  pretty  compact  lava  were  found  in  thin  layers;  but  the 
mass  of  the  rock  exposed,  inside  and  out,  is  mainly  a  sandstone,  thinly 
laminated  and  very  friable,  consisting  of  comminuted  scoriaceons  and 
compact  lavas,  including  many  well  rounded  pebbles  of  quartz  and 
partially-rounded  masses  of  basalt  and  other  forms  of  lava.    These  peb- 
bles evidently  came  out  of  one  of  the  beds  of  river-gravel  which  are  in- 
terlaminated  with  the  basalt  layers,  and  assist  in  proving  the  compara- 
tively recent  date  of  the  construction  of  these  cones.    The  stratification 
of  the  sandstone  mostly  corresponds  closely  with  the  slopes  of  the  in- 
terior and  exterior  surfaces,  changing  from  very  steep  to  nearly  horizon- 
tal as  we  reach  the  foot  of  the  butte.     The  layers  are,  I  think,  more 
regular  than  they  would  have  been  if  deposited  sub-aerially,  in  the 
midst  of  rain;  and  I  am,  on  the  whole,  strongly  impressed  with  the 
belief  that  the  eruption  and  deposition  were  sub-aqueous,  and  took  place 
when  this  whole  plain  was  covered  by  the  waters  of  a  lake.    A  small 
secondary  crater,  from  200  to  300  teet  across,  was  noticed  on  the  crest 
of  thiH«cone  near  the  northwest  comer.     The  main  crater  oi>ens  towani 
the  southeast ;  but  no  lava-stream  was  found  there.    The  more  southera 
cone  was  visited  by  Mr.  Bechler,  who  reports  its  crater  as  rather  larger 
and  not  quite  so  deep  as  that  just  described.    The  two  cones  are  united 
at  the  base,  an<l  their  combined  deposits  make  something  of  a  platform 
about  them.    This  is  more  or  less  washed  up  to  about  50  or  60  feet,  as 
though  the  watei*s  had  been  for  some  time  ponded  about  their  base,  and 
waves  had  been  dashed  against  them.    This  erosion  has  sepai'ated  some 
masses  of  the  sandstone  from  the  platform.    One  of  these,  in  approach- 
ing from  north  or  south,  made  a  prominent  feature  of  the  landscape,  and 
was  named,  by  Mr.  Adams,  "Kenilworth  Castle,"  from  a  supposed  re- 
semblance to  those  famous  ruins.    The  sandstone  is  irregular  in  its  degree 
of  solidity,  and  has  weathered  out  into  chamber-like  hollows,  sometimes 
reaching  far  enough  in  to  make  comfortable  shelters,  some  of  which  have 
evidently  atlorded  temporary  protection  to  Indians,  while  others  are 
partly  filled  with   accumulations  of  sticks  forming  the  beds  of  wild 
beasts.    The  weathering  has,  in  some  places,  worn  passages  completely 
through  projecting  masses,  which  thus  take  the  form  of  flying  buttresses. 
Under  the  eastern  overhanging  side  of  this  block,  there  were  numerous 
ru(U^  carvings,  representing  men,  horses,  bisons,  cranes,  jack-rabbits, 
bears'  claws,  &c.,  evidently  cut  by  Indians  in  recent  times.    The  rock 
weathers  away  too  rapidly  to  allow  us  to  attribute  any  great  antiquity 
to  these  ligures.    They  are  evidently  only  the  scratchings  of  an  idle 
hour.    This  fragile  sandstone  apparently  never  continued  across  the 
western  channel  to  the  basalt- terrace ;  and  from  this  fact,  as  well  as  from 
the  indications  already  name<l,  1  infer  that  the  valley  in  the  basalt-plain 
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bad  been  mainly  eroded  before  the  ponding  of  the  waters  and  the  vol- 
canic eruptions  which  these  buttes  record. 

The  valley  on  the  east  of  the  buttes  i«  flat  and  partly  swampy  for  a 
considerable  distance  on  either  side  of  the  stream,  forming  very  valua- 
ble stretches  of  farm-land,  though  the  lower  portions  are  liable  to  over- 
flow during  the  spring-floods.  Large  quantities  of  hay  are  cut  here  for 
use  at  the  neighboring  stage-stations,  and  two  or  three  tnippers  com- 
monly winter  in  the  immediate  neighborhood,  since  their  stock  here  And 
abundant  feed  all  the  season.  The  water  of  Henry's  Fork,  having  been 
turned  from  its  direct  course  by  the  volcanic  eruptions,  now  flows  for 
some  miles*  up  a  channel  parallel  with  the  Snake  before  being  able  to 
find  exit  into  that  river. 

The  surface  of  the  basalt  is  exposed  here  in  places,  and  shows  a 
striated  structure,  with  lines  of  elongated  bubble-like  cavities,  such  as 
we  might  expect  to  find  on  the  surface  of  a  viscid  fluid  inflated  with 
gas,  and  running  slowly  down  a  very  gentle  incline.  The  course  of  this 
structure  is  about  north  38^  east,  nearly  corresponding  with  the  direc- 
tion of  the  lower  half  of  the  valley  of  Henry's  Fork,  and  indicates  a 
probable  source  of  volcanic  outflow  toward  the  head  of  that  stream. 
Here  we  caught  the  fii*st  of  the  fine  trout  which  fill  these  mountain- 
streams,  and  which  afterward  so  frequently  eked  out  our  scanty  camp- 
fare. 

We  here  left  the  valley  of  the  main  stream,  which  now  bends  off  to  the 
southeast,  and  turned  up  that  of  Henry's  Fork.  This  stream  was  named 
after  one  of  the  partners  of  the  Missouri  Fur  Company,  who,  in  1810, 
built  a  fort  on  the  banks  of  this  stream  about  twenty-five  miles  from  its 
mouth. 

About  ten  miles  above  the  Crater  Buttes,  a  low  double-crested  knob 
makes  a  prominent  appearance,  though  it  rises  only  75  or  80  feet  above 
the  plain.  It  consists  principally  of  laminated  trachyte,  with  much 
scattered  brown  and  brick-red  scoria.  This  was  probably  an  old  vol- 
canic vent,  though  so  much  material  has  been  worn  away  that  nothing 
like  a  crater  can  now  be  traced. 

Four  or  five  miles  due  north  from  here  stand  the  so-called  Sand  Hills, 
more  properly  the  Sand  Hill  Mountains.  As  we  approach  we  find  them 
surrounded  by  a  belt  of  sand-dunes,  from  a  half  mile  to  a  mile  in  width, 
and  reaching,  on  the  south  side  of  the  mountains,  elevations  of  250  and 
300.  feet  above  the  plain,  though  not  more  than  100  or  150  feet  high  at 
the  eastern  end.  The  central  portion  of  this  belt  is  almost  entirely 
barren,  consisting  of  fine,  drifting,  gray,  and  ferruginous  quartz-sand, 
with  some  comminuted  lava ;  only  here  and  there  a  few  straggling  shoots 
of  a  long-rooted  grass  appear.  The  glare  of  these  uniform  surfaces  was 
almost  as  dazzling  beneath  the  mid-day  sun  as  if  they  had  been  of  snow. 
From  the  hollows  the  sand  has  been  mostly  blown  away,  while  the 
coarser  materials  are  left,  forming  a  sort  of  pavement  of  sometimes 
large  masses  of  porous,  gray  trachyte,  and  again  small  bits  of  the  same 
mingled  with  fragments  of  brick-red  scoria,  chalcedony,  agate,  and  silici- 
fied  wood.  The  first  impression  was  that  these  vast  accumulations  of 
sand  marked  roughly  an  old  lake-level  against  this  island  like  mountain ; 
but  I  afterward  t^came  satisfied  that  the  sole  agent  in  the  case  had  been 
the  vehement  southwest  winds,  which  sweep  over  the  broad  plain  and 
break  against  these  isolated  points,  piling  up  the  sand  in  these  huge 
drifts.  The  surfaces  of  the  drifts  are  everywhere  beautifully  marked 
with  wind-ripples,  except  at  the  very  summits  of  the  various  little 
ridges,  where  the  winds  pile  it  into  steep  crests,  on  the  lee  side  of  which 
the  sand  lies  at  so  sharp  an  angle  as  to  slide  at  the  least  touch,  and  so 
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retains  no  wind-marks.  At  the  angle  of  38^  the  sand  will  rest  for  an 
instant,  but  apparently  holds  no  permanent  position  when  the  angle  of 
slope  is  greater  than  3.*P.  The  upper  and  lower  edges  of  the  dnnes 
are  marked  by  dense  thickets  of  sage-brush.  Above  the  dunes  the 
base  of  the  mountain  showssolidfoundationsof  trachytes,  covered  with 
considerable  groves  of  cedar,  from  12  to  15  feet  high.  Then  follow  cov- 
ered slopes,  thickly  beset  with  Jersey  tea  [Ceanothua  velxitinfis)  and  sumac, 
(RhuH  glaber,)  and  spotted  with  blossoms  of  Oeranium  Richardsoniij  and 
various  Compositie  and  Umbelliferae,  and,  finally,  irregular  masses  of 
coarsely-porous  trachyte  cap  the  crests  at  the  heiglit  of  about  1,200  feet 
above  the  valley.  The  range  is  a  double  one,  the  southern  portion  being 
the  longer  and  larger,  which  runs  about  northeast  and  southwest  for 
perhaps  ten  miles,  with  a  moderate  southern  slope,  much  broken  into 
long  sjnirs,  and  a  steep  northern  one,  descending  almost  unbroken  into 
a  valley  perhaps  200  feet  above  the  i)lain,  and  about  a  mile  wide,  which 
opens  westward,  and  has  thence  been  tilled  with  the  barren  drifting 
sands.  These  have  been  blown  into  drifts  reaching  to  the  very  crest  of 
the  more  northern  ridge,  which  attains  the  same  elevation  as  the  other, 
with  generally  steep  southern  slopes,  but  apparently  somewhat  spurred 
on  the  northern,  where  it  descends  to  the  i)lain.  The  range,  as  a  whole, 
has  no  apparent  connection  with  any  other,  the  rocks  have  no  definite 
bedding,  and  I  am  inclined  to  believe  that  the  two'  main  ridges,  facing 
eacjh  other  with  steep  slopes,  may  be  fragments  of  the  bounding  walls 
of  a  huge  crater,  whose  fires  were  extinguished  long  before  the  erui>tion 
at  the  Crater  Buttes  commenced,  and  even  before  the  erui>tion  of  at 
least  the  later  of  the  basalt-layers  which  floor  the  plain. 

Looking  south  westward  from  these  crests,  we  sec  the  rough,  almost 
impassable,  basalt-plain,  thickly  overgrown  with  sage-brush,  strQtching 
away  toward  .Market  Lake.  To  the  west  and  northwest  spread  the  bar- 
ren sands  of  the  dunes,  which  are  several  miles  in  width  where  crossed 
by  the  stage-road,  near  Sand-IIoles  Station.  These  also  extend  north- 
ward, and  their  eastern  edge  forms  a  ridge  from  100  to  150  feet  high, 
joining  the  Sand-llill  Mountains  to  the  main  divide  of  the  Rockj' Mount- 
ains near  Camas  Creek,  and  forming  the  western  border  of  the  valley 
of  Henry's  Fork.  These  absorbent  sands,  and  the  cracked  and  cavern- 
ous basalt  with  sand  and  gravel  foundations  together,  may  well  account 
for  the  i'act  that,  from  near  the  head  of  Henry's  Fork  to  the  Malade 
Kiver,  which  enters  below  the  Great  Shoshone  Falls,  a  distance  of  fully 
three  hundred  miles  by  the  river,  no  stream  joins  the  Snake  by  a  sur- 
face channel,  though  several  good-sized  ones  reach  the  plain  from  the 
Salmon  Eiver  Mountains.  Along  the  bank  of  the  Snake,  however,  at 
several  points,  there  are  large  cold  springs  escaping  from  the  basalt ; 
and,  in  the  lower  part  of  the  region  named,  several  large  streams  are 
said  to  leiip  boldly  from  the  >valls  of  the  canon,  thus  escaping  from  the 
subterranean  channels  to  which  they  have  been  confined  for  many  miles. 

The  low  plain  bordering  Henry's  Fork  on  the  west  is  from  two  to 
eight  or  ten  miles  in  width,  partly  well  grassed,  though  with  many  dense 
patches  of  sage-brush.  About  halfway  betwH^en  the  Sand-Hill  Mountains 
and  the  river,  there  is  a  low  hill,  in  the  shape  of  a  horseshoe,  openuig 
to  the  south,  which  apparently  was  once  a  crater;  but  it  has  now  been 
so  much  worn  away  and  covered  with  soil  that  no  rock  is  visible. 

^Nearly  opposite  the  Sand-Hill  Mountains  we  crossed  Henry's  Fork,  at 
Eagl(»-Nest  Ford.  The  river  is  here,  perhaps,  three  hundred  yards  wide, 
with  from  one  to  three  feet  of  water,  with  pebbly  bottom,  a' bluff  bank 
on  the  west  side  and  a  low  one  on  the  east,  which  is  overflowed  during 
the  s])ring  freshets,  so  as  to  double  the  width  of  the  stream.     At  that 
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date,  July  17,  the  pools  left  by  the  freshets  had  not  quite  disappeared. 
From  a  short  distance  above  the  ford,  the  river  flows  over  a  basalt-bot- 
tom for  some  miles,  occasionally  cutting  rather  deeply  and  leaping  over 
small  falls,  but  generally  having  low  banks. 

Thus  far,  we  had  been  accompanied  by  a  large  wagon  from  Fort  Hall, 
which  carried  some  of  our  heaviest  supplies,  so  that  our  pack-animals 
might  become  accustomed  to  light  loads  before  receiving  heavy  ones. 
Having  now  reached  the  limit  of  convenient  wagoning,  though  it  would 
have  teen  possible  to  take  vehicles  even  to  the  very  base  of  the  T6ton 
range,  we  sent  the  wagon  back,  and  spent  one  day  in  re-arranging  packs 
and  in  examining  the  proposed  route  up  Teton  Eiver,  or  Pierre^s  Eiver, 
as  it  is  more  properly  called,  since  this  latter  name  was  long  since  com- 
monly applied  to  it  among  traders  and  trappers,  as  well  as  upon  maps 
of  the  region.  The  trappers  of  the  present  day,  having  little  or  no 
knowledge  of  the  names  used  by  their  predecessors,  have,  of  course, 
applied  their  own  terms  to  the  landmarks  with  which  they  are  familiar ; 
but  the  adoption  of  these  by  geographers  would  be  contrary  to  all  rules. 

Upon  examining  Pierre's  River  about  six  miles  south  of  our  camp,  at 
a  point  not  far  above  its  junction  with  llenry's  Fork,  Mr.  Stevenson  re- 
XH)rted  it  as  occupying  a  deep  though  narrow  channel,  walled  on  either 
side  by  perpendicular  cliffs  of  basalt,  CO  feet  in  height,  which  frequently 
come  to  the  water's  edge,  so  as  to  make  travel  along  the  bottoms  im- 
possible. Our  guide,  Beaver  Dick,  stated  that  these  cliffs  increased 
rapidly  to  several  hundred  feet  in  height,  rendering  the  stream  unap- 
proachable by  stock  for  over  thirty  miles.  As  we  were  not  in  condition, 
being  so  heavily  loaded,  to  make  so  long  a  march  without  water,  we 
turned  northward  for  a  few  miles,  to  pass  up  the  valley  of  the  next 
tributary,  which  Beaver  Dick  called  the  middle  fork  of  the  Snake. 
Since  neither  by  position  nor  by  size  is  this  stream  entitled  to  be  con- 
sidered a  fork  of  the  main  Snake,  we  have  applied  to  it  another  name. 
Falls  River,  for  reasons  which  will  appear  later  in  this  report.  Camping 
just  above  where  we  struck  the  stream,  we  found  it  about  3  feet  deep 
and  from  50  to  t)0  feet  wide.  On  the  opposite  bank,  a  bluff  of  basalt, 
about  30  feet  high,  showed  a  distinct  prismatic  structure  through  the 
upper  10  feet,  while  the  central  portion  was  amorphous  and  the  lower 
5  feet,  again  prismatic,  the  whoie  looking  as  if  the  upper  and  lower 
portions  had  been  affected  by  rapid  cooling  and  consequent  contraction 
of  the  surfaces  of  the  sheet  of  lava,  while  the  central  portion,  cooling 
much  more  slowly,  did  not  reach  the  same  state  of  tension.  Just  above 
camp,  on  the  south  side  of  the  stream,  there  is  a  considerable  bluff  of 
light-pink  porous  porphyrj',  with  an  indistinct  bedding,  apparently  up- 
turned nearly  to  verticality,  with  a  nearly  north  and  south  strike.  The 
upheaval  evidently  occurred  before  the  flow  of  the  basalt. 

As  we  leave  the  valley  of  Henry's  Fork,  July  20,  the  country  rises, 
and  becomes  more  broken  and  rolling.  The  abundant  growth  of  grasses, 
sedges,  and  other  flowering  herbs  shows  plainly  that  only  slight  irriga- 
tion would  be  necessary  to  make  this  valuable  farming-land  ;  and  some 
crops  would  succeed  without  that.  ]\lost  of  it  would  be  flne  land  for 
stock-raising,  the  only  exceptions  being  those  portions  along  deeply- 
cafioned  streams,  where  water  is  difficult  of  access.  We  bore  a  little  to 
the  southward  to-day,  toward  the  upper  waters  of  Pierre's  River. 
About  eight  miles  from  camp,  two  rocky  knolls,  rising  about  50  feet 
above  their  connecting  saddle,  and  perhaps  350  or  400  feet  above  the 
nearest  creek,  mark  two  points  of  the  rim  of  an  old,  broken-down  crater, 
which  faces  nearly  due  east.  The  lava  is  a  laminated  mixture  of  quartz, 
obsidian,  and  feldspar;  but  no  mass  seemed  to  be  in  situ,  so  that  direc- 
tion of  structure  could  not  be  determined. 
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As  we  approach  camp  on  Conant  Creek,  there  is  a  marked  change  in 
the  flora,  from  that  of  the  dry  plains,  ^hich  are  mostly  bare  through 
the  winter,  to  that  of  the  wetter  hills,  on  which  the  snow  then  lies  in 
(Irii'ts.  Aspens  begin  to  appear  in  considerable  numbers,  and  antelopes 
are  becM)ming  rather  abundant. 

Juhj  LM. — The  country  is  becoming  much  more  rolling,  with  a  slight 
general  slope  of  the  Surface  toward  Pierre^s  Biver.  Reaching  the  lowest 
tributary  of  that  stream,  we  found  it  flowing  between  nearly  vertical 
banks,  from  250  to  300  feet  high,  the  lower  parts  of  which  are  composed 
of  light  and  dark  pink  compact  porphyries,  mostly  ringing  under  the 
hammer,  while  the  upper  beds  consist  of  gray  basalt,  somewhat  porous 
and  partly  coarsely  vesicular.  On  the  hills  between  the  streams,  porous 
l>orphyritic  trachytes  reach  the  highest  crests.  Grossing  the  caiion,  we 
<:amped  on  a  small  run  which  falls  over  the  blufif  just  below.  The  canon 
has  here  a  very  tortuous  course.  Mr.  Bechler  descended  to  its  junction 
with  that  of  the  main  stream  of  Pierre's  River,  and  found  it  everywhere 
bounded  by  nearly  vertical  walls,  here  from  600  to  700  feet  in  height. 
The  last  rattlesnake  seen  on  the  trip,  so  far  as  reported,  was  killed  near 
this  point.  These  reptiles  are  said  to  be  always  rare  in  the  higher  parts 
of  the  mountains.    8trawl)erries  were  abundant  at  this  camp. 

Tlie  peak  of  the  Grand  T6ton  had  been  gradually  rising  as  we  had 
approached,  until  now  it  was  so  near  that  strong  glasses  could  give  us 
pretty  good  ideas  of  its  structure.  It  was  now  plainly  evident  that  this 
was  not  a  volcanic  peak,  as  had  been  reported,  but  that  it  consisted  of 
either  quartzites  or  granites.  The  gravel  which  filled  the  bottom  of  the 
canon  consisted  largely  of  granites,  gneisses,  serpentines,  &c.,  which 
gave  sure  indications  of  the  existence  of  these  metamorphic  rocks  about 
the  sources  of  these  streams ;  so  that  the  probabilities  were  strong  that 
the  central  peaks  would  prove  to  be  granitic.  A  few  limestone-peb- 
bles were  also  seen,  but  these  were  mostly  pretty  well  ground  up. 

From  near  this  camp  there  is  a  general  depression  of  the  surface, 
stretching  across  to  the  nearest  point  of  Pierre's  Hole,  (or  Teton  Basin, 
as  it  is  sometimes  called,)  and  suggesting  the  possibility  that  it  may 
have  been  a  broad  stream-valley,  after  the  outflow  of  the  basalt  and 
before  the  erosion  of  the  canons.  If  this  were  ever  the  case,  the  weath- 
ering of  the  slopes  has  destroyed  any  distinct  channel,  and  so  has  ren- 
dered a  decision  of  the  ease  very  dilflcnlt.  By  very  moderate  slopes  we 
descended  into  Pierre's  Hole.  This  has  a  nearly  plain  surface  for  a 
length  of  about  twenty  miles  and  a  breadth  vai-yiug  from  about  fixe  to 
twelve  or  flfteen  miles,  beyond  which  limit  gentle  slopes  stretch  up  far 
among  the  foot-hills.  The  general  slope  of  the  plain,  as  a  whole,  is  so 
extrem(^ly  gradiuil  that  the  flow  of  the  streams  which  i>ass  through  is 
very  much  cheeked,  so  as  to  cause  broad  stretches  of  swampy  ground 
along  their  banks,  which  are  nor  at  all  bettered  by  being  occnpietl  by 
numerous  beavers.  Many  of  tlie  small  streams,  as  they  emerge  from 
the  mountains,  are  divided  into  several  channels,  which  take  very  dif- 
ferent courses  to  the  river.  Most  of  the  ])lain  is  tliickly  covered  with  a 
luxuriant  growth  of  grasses  and  other  good  forage-plants,  though  some 
small  areas  are  sandy  and  conij)aratively  barren.  Abundant  supplies 
of  water  for  irrigation,  if  this  should  ever  become  necessary,  can  be 
bad  at  the  mouth  of  (»very  little  (;anon.  The  seasons  are  probably  too 
short  for  corn,  but  wheat  should  succeed  well  here.  Considering  the 
richness  of  the  soil  and  the  abundance  of  water,  this  is  one  of  the  most 
inviting  valleys  of  the  region,  and  would  doubtless  soon  be  settled  if 
railroails  should  come  within  convenient  distances.  This  was  formerly 
one  of  the  favorite  summer-rendezvous  of  the  old  fur-traders,  and  was 
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the  scene,  in  1832,  of  a  sb^rp  fight  with  Blaekfoot  Indians,  which  is 
Tividlj  described  by  Irving  in  his  Bonneville's  Adventures.  In  his 
description  of  that  battle  the  woods  are  said  to  have  been  <<  tangled 
with  vines."  On  the  other  hand,  the  entire  absence  of  every  kind  of 
vines  from  all  this  region,  with  the  exception  of  scattered  plants  of  Clema- 
tis along  the  banks  of  ditches  and  creeks,  is  one  of  the  notable  features 
along  the  whole  length  of  our  route.  It  is  reported  that  vines  grow 
luxnriantly  on  some  of  the  islands  in  the  Yellowstone  Lake. 

The  exti'eme  northeastern  angle  of  this  basin  is  occupied  by  a  shallow 
pond  about  five  hundred  yards  in  diameter,  with  marshy  borders,  whose 
surface  was  covered  with  tracks  of  antelope,  deer,  and  elk.  This  pond 
is  supplied  by  springs  bursting  out  at  the  base  of  the  surrounding  foot- 
hills. One  of  these,  of  the  temperature  of  45^,  is  about  50  feet  across 
and  throws  out  a  rapid  stream  10  feet  wide  and  1  foot  deep,  with  a  clean 
bottom  of  fine  volcanic  sand.  The  water  evidently  comes  from  the  rap- 
idly-melting  bahks  of  snow  upon  the  mou tains,  and  finds  its  way  by 
subterranean  channels  through  the  porous  volcanic  rocks  of  the  lower 
slopes. 

Grossing  this  basin,  we  at  length  camped,  on  July  23,  in  the  mouth  of 
the  canon  of  the  largest  tributary  of  Pierre's  Kiver,  which  is  known  as 
T^ton  Greek,  or  Big  T^ton  Greek,  because  it  heads  directly  toward  the  high- 
est T^ton  and  its  valley  gives  a  fine  view  of  that  peak.  Though  it  heaids 
in  the  very  center  of  the  range,  still  it  does  not  gather  the  drainage  of  the 
T6tou  peaks  themselves,  but  that  escapes  into  a  stream  called  T6ton 
Eiver,  which  flows  to  the  east  and  joins  the  Snake  River  in  Jackson's 
Hole.  Under  the  circumstances,  we  can  hardly  displace  either  name, 
and  must  be  satisfied  to  distinguish  them  by  the  use  of  the  adje<;tived 
titles  £ast  and  West. 

The  valley  which  we  now  entered  is  wider  than  those  of  the  other  trib- 
utaries of  Pierre's  Eiver,  and,  unlike  them,  has  a  broad  tongue  of  the 
prairie  running  up  it  for  two  or  three  miles,  so  that  good  camping- 
places  can  be  found  with  abundant  pasture  for  the  stock,  while  steep 
slopes  on  either  side  will  check  their  propensity  to  stray.  It  had,  there- 
fore, been  selected  for  the  location  of  a  permanent  camp,  while  small 
parties  were  going  out  in  various  directions  to  explore  the  neighborhood. 

The  lower  slopes  of  the  foot-hills  of  the  range,  up  to  a  height  of  from 
400  to  500  feet  above  the  plain,  consist  of  variously-colored  porphyries, 
representing  the  extreme  edge  of  the  gn^at  volcanic  district,  which  had 
become  so  wearisome  to  us  by  reason  of  its  sameness.  Though  the  line 
of  junction  with  the  older  rocks  was  not  found,  yet  these  latter  outcrop 
at  such  i>oints  as  to  show  that  the  porphyries  were  deposited  against 
originally  steep  slopes.  I  did  not  succeed  in  finding  any  beds  of  por- 
I)hyry  so  tilted  as  to  indicate  any  modem  continuance  of  the  upheaval 
of  which  the  older  rocks  give  abundant  evidence. 

From  beneath,  the  upper  edges  of  the  porphyries  emerge  first  about 
^,000  feet  of  compact,  often  quite  cherty,  gray  to  drab  Carboniferous 
limestones,  mostly  rather  barren  of  fossils,  except  a  few  of  the  lower 
layers,  which  are  crowded  with  Zaphrentisj  Cyathaxoniaj  Syringoporay 
I*roductuSj  SpirifeTy  and  other  forms,  mostly  silicified,  and  so  weathering 
out  finely  ui>on  the  surface  of  exposed  slabs.  These  beds,  however,  are 
but  slightly  exposed,  except  on  the  higher  crests :  where  they  appear 
low  down  in  the  cailons,  they  are  almost  always  covered  up  by  the  dihris 
of  the  higher  layers. 

Beneath  them  appear  about  600  feet  of  a  heavy-bedded,  drab  to  light- 
buff  vesicular  magnesian  limestone,  entirely  destitute  of  fossils,  so  far 
as  I  could  ascertain,  except  minute  fragments  of  crinoid  stems;  but. 
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from  both  its  character  and  its  position,  I  refer  it,  with  but  little  doubt, 
to  the  age  of  the  Niagara  limestone  of  the  Upper  Silurian.  It  may, 
however,  have  been  deposited  continuously  from  the  era  of  the  Upper 
Silurian  to  the  commencement  of  the  Carboniferous  age.  The  bed 
forms  tall,  castellated  cliffs  along  the  cailons  wherever  it  is  exposed, 
adding  much  to  the  beauty  of  the  scenery.  This  is  followed,  in  descend- 
ing order,  by  about  400  feet  of  a  blue,  very  impure,  thin-bedded  and 
partly  shalylimestoue,  much  of  which  is  a  mass  of  pebbles,  and  from 
the  lower  portion  of  which  Mr.  Taggart  and  I,  after  long-continued 
search,  were  able  to  obtain  a  few  fragments  of  trilobites,  of  the  genera 
ConbcorypJw  and  Dicelloceplialus  ( f)  These  would  not  be  sufficient  of 
themselves  to  determine  the  precise  age  of  the  strata,  but,  taken  in  con- 
nection with  the  lithological  char^icter  of  the  beds  and  the  identification 
of  precisely  similar  layers  only  a  short  distance  to  the  southward,  they 
justify  the  conclusion  that  this  limestone  is  of  Quebec  Group  age.  The 
thin  lamination  of  the  strata  causes  their  easy  weathering;  so  that  they 
generally  present  slopes  of  debris  rather  than  bluffs  of  solid  rock.  In 
many  ])laces,  however,  these  dehris  are  more  or  less  thoroughly  reconsoli- 
dated  by  a  cement  of  the  lime  first  dissolved  and  then  redeposited  by 
percolating  rain-water.  The  rock  is  somewhat  cavernous,  and  gives 
l)a8sage  to  numerous  streams  llowing  from  the  melted  snows,  which 
escape  in  large  springs  at  several  i)oints  in  the  caiion.  The  water  at 
these  points  is  still  very  cold,  reaching  only  38°  and  40^,  while  the  air 
was  at  720.  One  of  these  springs  was  intermittent;  but  its  periods  were 
not  ascertained.  At  another  outcrop  of  these  limestones,  they  are 
immediately  underlaid  by  about  300  feet  of  partly  compact  and  partly 
shaly  glauconitic  sandstones,  which  are  evidently  equivalent  to  the  so- 
called  Knox  sandstones  of  Safford,  which  form,  in  Tennessee,  the  lower 
part  of  the  Quebec  group.  IS'o  fossils  were  seen  in  these  beds.  They 
are  apparently  unequally  distributed,  since  no  corresi>onding  beds 
appear  along  the  canon  of  West  Teton  Creek.  Beneath  them,  and  often 
present  when  they  are  absent,  we  generally  find  from  50  to  75  feet  of  a 
very  compact  ferruginous  quartzite,  which  must  represent  the  Potsdam, 
though  this  also  is  sometimes  wanting. 

Where  these  lower  limestones  are  first  encountered,  near  the  mouth 
of  the  caiion,  they  are  nearly  horizontal ;  but,  as  we  pass  in  toward  the 
center  of  the  mountain,  we  find  them  rising  considerably,  until  they 
reach  angles  of  15^,  20^,  and  even  30°,  dipping  westerly  and  south- 
westerly, and  resting  unconformably  upon  the  edges  of  granites  which 
dip  in  various  directions.  At  the  forks  of  West  Teton  Creek,  where  the 
granites  are  first  seen,  their  bedding  dips  35^  N.  78^  E.  Up  the  left- 
hand  fork  they  rise  rapidly,  causing  beautiful  cascades  a  hundred  feet 
or  more  in  height,  and  finally  occupying  the  whole  upper  basin  of  that 
stream  and  reaching  the  very  crest  of  tlie  ridge.  They  also  occupy  the 
valley  of  the  right-hand  fork  lor  a  considerable  distance,  forming  smooth, 
bare  clifls  on  the  left  as  we  ascend,  and  finally  are  exposed  in  broad 
surfaces  on  its  floor.  The  right-hand  wall  of  the  caiion  is  abrui)t  for 
1,200  feet  or  more,  reaching  well  up  into  the  Carboniferous  limestones, 
the  upper  parts  of  which  form  crests  here  reaching  more  than  3,000  feet 
above  the  caiion  and  about  10,000  feet  above  the  sea. 

The  granites,  gneisses,  and  schists,  which  form  the  central  nucleus  of 
the  mountain,  vary  greatly  in  character  and  position.  Tlu^y  are  partly 
micaceous,  partly  hornblendic,  and  partly  talcose  and  chloritic.  No 
i:egular  succession  was  ascertained.  The  granites  are  mostly  white  or 
tinged  with  pink,  and  occur  in  thick,  solid  beds.  The  other  rocks  are 
much  broken  up  and  tilted  in  various  ways,  and  are  crossed  in  every 
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direction  by  innamerable  large  and  small  veins,  mostly  of  quartz,  bat  a 
few  granitic.  None  of  these  are  metalliferous,  so  far  as  I  could  ascer- 
tain. At  two  or  three  points  there  are  beds  of  trap-rock  Irom  50  to  70 
feet  thick,  which  appeared  at  first  sight  to  be  dikes ;  but,  upon  further 
examination,  it  became  evident  that  they  lay  conformably  between 
regularly-bedded  members  of  the  granitic  series,  and  it  seemed  as  if 
they  might  have  been  deposited  as  broad  sheets  of  lava,  like  those 
which  we  have  seen  flooring  the  Snake  Kiver  plaiu,  but  deposited  ages 
ago  in  the  bed  of  the  ocean,  where  were  then  accumulating  the  sedi- 
mentary sandstones  which  were  metamorphosed  into  these  granites 
before  the  Silurian  age  began.  But,  again,  the  trap  shows  no  columnar 
structure,  but  is  indistinctly  laminated  parallel  to  its  walling  planes; 
and  this  would  seem  to  indicate  that  it  might,  when  quite  viscid,  have 
been  forced  with  difficulty  between  the  solid  granites  after  their  up- 
heaval, and  so  have  received  its  laminated  structure,  while  between 
walls  of  such  slow-conducting  power  it  did  not  take  on  the  columnar 
structure.  Or  it  is  possible  that,  having  been  deposited  horizontally 
among  the  sediments,  as  aforesaid,  it  may  have  lost  a  columnar  structure, 
originally  possessed,  during  the  met^mori)hism  of  the  surrounding  beds. 
The  trap  we^ithers  much  more  rapidly  than  the  granite;  so  that  its  out- 
crops are  plainly  marked  and  readily  traced  from  a  distance  by  a  sharp 
notch  in  the  crests  as  well  as  by  its  debris  on  the  slopes  of  the  mount- 
ain. One  of  these  beds,  which  crosses  the  saddle  just  south  of  the 
Grand  Teton,  was  thus  traced  across  the  Great  Canon,  and  up  the  side 
of  its  perpendicular  western  wall,  where  at  least  2,000  feet  high ;  and  its 
termination  was  then  capped  by  the  Potsdam  quartzite,  showing  that  it 
is  at  least  older  than  that  rock.  Both  this  trap  and  its  inclosing  granites 
contain  much  epidote,  partly  compact,  partly  crystalline,  and  some 
pyrite.  Near  to  this  bed  of  trap  are  two  very  noticeable  beds  of 
granite,  one  being  pf  the  deepest  flesh-red,  the  other  almost  pure  white; 
both  contain  very  little  mica.  The  white  bed  has  its  constituent  minerols 
much  segregated;  so  that  we  find  in  some  places  large  masses  of  pure 
feldspar,  (orthoclase,)  cleaving  with  broad  surfaces,  and  again  fine  si)eei- 
mens  of  graphic  granite,  (pegmatite.)  From  a  neighboring  bed  come 
large  masses  of  mica  (muscovite)  tolerably  well  crystallized.  A  few 
small  garnets  were  seen,  but  we  found  no  large  or  i>articularly  good 
crystals  either  of  this  or  of  any  other  mineral. 

\Vhile  the  beds  are  generally  so  much  disturbed  as  to  jirevent  the  ac- 
curate determination  of  any  regular  or  i)revailing  dip,  yet  the  general 
strike  is  approximately  east  and  west ;  and  this  has  determined,  to  some 
extent,  the  structure  of  the  range.  The  spurs  running  east  and  west 
from  each  crest-peak  are  each  dotted  with  three  or  four  subordinate 
l>eaks,  which  would  be  thought  large,  if  they  were  not  belittled  by  their 
larger  neighbors.  The  sharp  dips  cause  the  north  and  south  sides  to  be 
extremely  sharp — even  sharper  than  the  natural  weathering  of  the 
granites,  if  level,  would  have  made  them.  The  highest  of  them  all  are 
visible  from  great  distances  in  every  direction,  both  on  account  of  their 
great  elevation  and  by  reason  of  the  sharp  depressions  on  either  side  of 
them.  From  whatever  point  they  may  be  seen,  there  is  little  danger  of 
mistaking  their  identity,  their  abrupt,  pointed  outlines  being  markedly 
different  from  those  of  any  other  peaks  of  the  region.  From  their  prom- 
inence, affording  good  landmarks  for  travelers,  they  have  sometimes 
been  called  the  Pilot  Knobs,  (see  Irving's  Astoria,  chap,  xxix ;)  but 
the  name  commonly  applied,  from  the  earliest  times,  is  that  of  Tetons,  oi^ 
Paps.  As  only  three  of  the  peaks  are  usually  seen  at  a  distance,  they 
have  been  called  the  Three  Tetons.    There  are  really  ten  or  more  dis- 
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tinct  peaks  is  the  range ;  but  those  upon  its  northern  and  southern  por- 
tions aro  uomewhat  lover  than  the  central 
1'     ones,  and  have  more  of  the  high  vestem 
g  .   parts  of  the  range  opposite  to  them,  so  that 
^-1   they  are  mostly  hidden  in  that  direction 
g^   nntil  we  approach  quite  closely. 
s's       The  following  section,  (Fig.  46,)  though 
J^   the  elevations  are  somewhat  exaggerate, 
£>^   will  give  a  good  general  idea  of  the  country 
■«f]  thus  passed  through  in  coming  from  Henry's 
si  Fork  to  the  crest  of  the  T6tou  range.    The 
1^  broad,  gradually-rising,  high  terrace  of  ba- 
cM   salt  and  trachytes,  cut  by  the  deep  cafSons 
^1   of  Pierre's  and  other  rivers,  breaks  down 
ia   into  the  rounded  depression  of  Pierre's  Hole, 
E  e   whence  the  slopes  of  porphyries  rise  more 
^  3g   rapidly  to  the  still  steeper  outcrops  of  the 
£  a^   Carboniferous  and  other  limestones. 
^  I  g       These,  again,  are  cut  by  the  deep  caiions 
3  ||   of  West  T^ton  Creek  and  others  of  similar 
'  y^   character,  some  of  which  slightly  expose 
g  bI   the  granite,  while  some  do  not.    Between 
7  gv.  this   western   drainage  (0  and  the  Great 
u  o  e   Canon,  (nt,)  which  breaks  through  the  range 
X  l>^'  to  the  eastward,  there  is,  in  some  cases,  a 
g  J^  block  of  limestones  aa  here  represented, 
"  (,-3   while,  in  others,  the  divide  is  entirely  of 
B«  metamorpbic  rocks.    Finally  reaching  the 
g  1^  crests,  we  look  down,  over  clean  sheer  gran- 
•  s|  ite-walla,  to  the  broad  sa^e-covered  plain  of 
I  i^   Jackson's  Hole,  bordered  on  the  other  side 

1  ^B  with  the  rolling  foot-bilts  of  the  main  range 
^  ^-1  of  the  Bocky  Mountaina 

2  i-^.      We  had  postponed  our  attempt  upon  the 

!§  s^>  highest  peak  until  we  could  make  it  under 
g  |g   the    most    favorable    circumstances,    and 
s  =.«   Messrs.  Stevenson  and  Langford  had  made 
~  i^   some  preliminary  examinations,   bo   as  to 
~  §S  select  the  best  route.    Soon  after  snnrise, 
E  |rf  on  July  20,  from  a  temporary  cauip  previ- 
"  ^3  ously  formed   nt    the  nearest   oouvenieDt 
v3  point,  in  the  right-hand  fork  of  the  caiioD  of 
;-g   West  TOton  Creek,  we  tttarted  for  the  snm- 
T^   iiiit.    Cold  Ktrcams  fall  ill  beautiful  caaeades, 
|5   for  fn»in  2IIU  to  aOO  Jeet,  over  the  cafion-wall 
|£   on  our  left.    Climbing  over  piles  of  loose 
IS   dt'briiif'i'rom  the  deep  cavities  of  which  we 
f<  heard  the  frc(juent  kid-like  bleat  of  the  rare 
■ "  little  onuey,  Lagomyx  princepH,  so  seldom 
seen;  an«l  over  rock-slopes  nearly  as  steep 
8  any  we  Raw  that  d.iy,  we  reached  the  top 
^  of  the  clift'  and  found  a  broad  valley,  leading 
'   from  the  very  verge  of  the  caDon-wall  di- 
rectly toward  the  i)eak,  bounded  on  either 
side  by  more  or  less  prcci]titou8  walls  of 
Quebec  Group  limestone,  above  which  3i>- 
pcai^d  some  isolated  patches  of  the  bed  which  wo  have  referred  to  the 
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Niagara  group,  ^ere  wc  began  to  encounter  the  masses  of  snow  whose 
melting  supplied  the  cascade- streams.  Up  to  their  very  edges,  the  satu- 
rated ground,  though  not  entirely  hidden,  was  profusely  ornamented  with 
the  large  glossy  blossoms  of  white  and  yellow  butter-cnps,  (Ranunculus^) 
many  of  which,  indeed,  as  if  tired  of  waiting  for  the  removal  of  their 
covering,  had  burst  through  the  edges  of  the  snow,  where  the  drills 
were  not  more  than  two  or  three  inches  deep.  But  these  impatient  in- 
dividuals had  generally  suffered,  in  their  upward  passage,  and  were 
rarely  as  perfect  as  their  more  favored  companions,  either  in  flower  or 
in  leaf;  for,  while  vegetative  growth  had  evolved  heat  enough  to  melt 
a  passage  for  the  plant,  yet  contact  with  the  snow  had  been  sufficient  to 
check  the  development  of  its  parts.  In  passing  over  the  drifts,  we  found 
many  grasshoppers  lying  motionless  and  apparently  frozen,  in  small  pits 
in  the  surface  from  two  to  three  inchesi  deep,  the  "snow  having  appar- 
ently been  melted  from  beneath  them  by  the  heat  of  their  bodies.  As 
the  sun  got  higher,  however,  they  were  soon  thawed  out,  and  became  as 
active  as  any  of  their  race.  It  is  possible  that  they  found  microscopic 
plant-food  upon  the  surface  of  the  drifts,  and  had  purposely  come  here 
for  it ;  but  it  is  more  probable  that  they  had  been  blown  over  from  neigh- 
boring patches  of  vegetation  by  the  high  winTls  which  almost  con- 
stantly sweep  over  these  crests.  The  high  levels  on  either  side  of  this 
valley  were  entirely  destitute  of  the  high-growing  plants  of  lower  levels, 
but  presented  a  large  variety  of  the  Alpine  plants,  now  mostly  in  full 
blossom,  showing  a  great  profusion  of  white,  blue,  purple,  crimson,  and 
yellow  stars  on  their  carpet  of  moss-like  leaves.  The  crests  of  this  part 
of  the  range  reach  about  10,500  feet  above  the  sea,  running  some  300  or 
400  feet  above  what  is  here  the  apparent  limit  of  pines  and  spruces. 
From  here  it  was  evident  that  the  range  lying  on  the  west  side  of 
Pierre's  Hole  reached  to  about  the  same  elevation,  with  no  sharp  peaks, 
and  mostly  rounded  surfaces  on  its  eastern  face. 

The  walls  of  the  valley  along  which  we  had  ma<le  our  unobstructed 
way  now  approached  each  other,  leaving  a  gap  only  fifty  or  sixty  yards 
in  width,  to  reach  which  we  climbed  a  sharp  slope  of  stumbling  rub- 
bish, and  then  found  ourselves  on  a  narrow  crest,  overlooking  an  im- 
mense caiion,  the  Great  Teton  Canon,  which  separates  the  three  higher 
peaks  frgm  the  mass  of  the  mountain  west  and  north  of  them,  and  finally 
breaks  out  to  the  eastward  toward  Jackson's  Hole.  The  descent  from 
this  crest  is  very  steep ;  and,  in  dodging  falling  masses  of  rock,  started 
by  those  behind  him,  Mr.  Becbler  unfortunately  got  a  severe  sprain, 
which  troubled  him  for  several  days.  Just  to  the  left  of  this  gap,  the 
crest  of  qn  immense  snow-drift,  from  80  to  100  feet  hi<?h,  reached  up  to 
the  rocks,  and  gave  some  of  us  an  easy  passage  down.  Of  course,  no  pas- 
sage with  horses  would  have  been  possible  at  this  point ;  but  I  think  it 
could  be  made  by  striking  directly  up  the  ridge  at  the  forks  of  West  Teton 
Creek,  about  thixie  miles  west  of  our  main  camp,  and  turning  down  into 
the  Great  Canon  about  two  hundred  yards  west  of  the  gap  just  described. 
From  the  gap,  it  was  evident;  that  the  huge  lateral  spur  of  the  southern 
Teton  must  be  crossed  before  we  could  reach  the  base  of  the  central 
peak.  An  attempt  to  pass  around  it  would  involve  several  miles  of 
travel  in  very  deep  caiions.  In  these  up[)er  basins  the  snow  had  melted 
much  less  than  on  the  outer  slopes ',  and  about  a  mile  of  it  stretched  be- 
tween us  and  the  spur  aforesaid.  On  our  right,  and  behind  us,  rose  a 
nearly  vertical  cliff  of  Quebec  group  sandstones  and  limestones,  running 
off  southeasterly,  past  the  southernmost  Teton,  to  form  the  eastern  face 
of  the  mountain  l)6youd.  Beneath  our  feet  was  the  Potsdam  (?)  quartzite, 
while  only  metamorphics  lay  ahead  of  us.    Bearing  but  a  little  to  our 
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right,  we  ibiind  ourselves  on  the  divide  betwaen  the  head  of  the  Greiit 
Cafioii  and  that  of  a  smaller  one,  which  oi>ened  directly  oat  toward  Jack- 
son's Hole.  In  the  head  of  this  latter,  perhaps  200  feet  below  as,  lay 
a  small  ice-covered  lake,  with  no  surface-oatflow,  bat  probably  draining 
tlirough  the  slopes  of  debris  which  hemmed  it  in  on  either  side.  The 
accompanying  outline-sketch  of  our  route  beyond  this  point  has  been 
made  up  by  Mr.  Holmes  from  Mr.  Jackson's  photographs,  which  were 
taken  fromthe  top  of  the  western  wall  of  the  Great  Canon.    (Fig.  47.) 

In  the  broad  head  of  the  Great  Caiion,  which  we  now  crossed,  there 
are  three  or  four  small  and  apparently  shallow  ponds,  partly^  covered 
with  ice,  though  partly  clear.  The  outflow  of  one,  buried  in  rubbish  for 
»ome  distance,  finally  api>ears  on  the  edge  of  a  cliff  and  makes  a  pretty 
little  fall,  perhaps  30  feet  high,  at  the  head  of  which,  with  a  favomble 
wind,  one  can  easily  get  a  spray-bath  at  short  notice.  At  the  head  of 
this  pond,  a  slight  depresion  of  the  crest  of  the  spur  indicates  probably 
the  best  point  for  crossing,  though  the  slopes  areof  fine  sliding  rubbish, 
which  njakes  climbing  tedious.  Those  who  preferred  climbing  over 
solid  rock  crossed  a  little  farther  out  on  the  spur.  Another  short  half- 
mile  of  snow  brought  us  at  length  to  the  foot  of  the  central  peak.  In 
neither  of  these  two  snow-basins  was  there  any  apparent  consolidation 
of  the  snow  into  glacier-like  bodies  of  ice,  though  small  icy  patches 
'.vere  seen,  and  the  compacted  snow  was  occasionally  cracked  as  if  by  in- 
cipient crevasses.  Apparently,  the  melting  of  the  snow  is  very  nearly 
complete  every  season,  so  that  no  glacier-like  masses  can  be  formed. 
We  afterwarjil  saw  abundant  evidence  that  this  valley,  like  others  in  the 
range,  was  once  the  sc>ene  of  intense  glacial  action. 

It  is  possible  to  climb  directly  up  the  steep  sloi)e  of  bare  rock  in 
front  of  the  lowest  part  of  the  saddle  south  of  the  main  peak.  Those 
who  ])refer  gentler  slopes  of  debrht  and  snow  should  pass  about  two 
hundred  yards  farther  north,  where  such  a  slope  reaches  to  a  higher 
jjoint  of  the  saddle. 

Several  of  tlie  jiarty  had  already  turned  back,  and  ]\Ir.  Bechlers 
Injury,  i»reviously  mentioned,  made  it  imj)rudent  for  him  to  attempt 
these  steei>er  slopes.  Accordingly,  he  turned  off  and  examined  the 
canon  for  a  mile  or  so  lower  down.  Five  of  us  reached  the  saddle^ — 
aMessrs.  Stevenson,  Langford,  Haraj)  and  Spencer,  and  myself.  Here  I 
st()[)i>ed,  at  12  o'clo(!k,  at  the  elevation  of  about  11,400  feet,  to  wait  for 
a  luereurial  barometer,  which  Mr.  West  had  undertaken  to  deliver  to  me 
at  that  ])oint,  so  that  I  might  take  it  to  the  summit.  I  afterwai-d 
i<»arned  that  he  had  already  turned  back  from  the  high  spur,  without 
jeally  attempting  either  to  reach  the  saddle  himself  or  to  send  forward 
the  barometer  by  any  other  person.  Meanwhile,  I  examined  fhe  rocks 
.ipon  and  east  of  the  saddle.  .Climbing  is  here  much  hindered  by  steep 
slopes  of  snow,  some  of  which  consist  wholly  of  hail-stones  from  a  tiiird 
to  a  half  inch  in  diameter.  A  fierce  west  wind,  blowing  forty  to  fifty 
miles  ]»er  hour,  was  sweeping  across  the  saddle  with  such  force  that  the 
loudest  slicmts  were  inaudible  lifty  yards  to  windward.  I  experienced 
no  inconvenience  from  the  rarity  of  the  air  at  this  elevation.  My  high- 
est point  was  about  12,000  feet,  about  a  half  mile  east  of  the  main  sad- 
dle, from  which  point  1  had  a  limited  view  out  to  the  basin  of  Jackson's 
Hole.  The  mountain  descended  in  bare  rock-slopes  over  4,000  feet, 
Jintil,  with  gentler  slopes,  there  appeared  a  belt  of  pines  and  sprnces.  In 
I  lie  upper  edge  of  this  belt,  a  small  hike,  partly  iced  over,  occupied  a 
ii(»t(h  in  the  base  of  the  mountain  immediately  beneath  me.  The  timber 
stretched  in  a  heavy  body  down  along  a  small  stream  flowing  past  the 
basr  of  rlie  mountain  ont  to  its  Jiinetion  with  Snake  River.     In  plain 
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sight  were  the  butte  above  the  moiitb  of  Gron  Ventre  Fork  aril  ilie 


valley  of  tbnt  sirci! 


iig  fnr  into  tbc  eastern  moauta\\i»,  'wrt 
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bri^lit-rcHl  cliifH  on  either  baud,  while  the  chaDnel  of  the  Buake  itself 

iiieaiid(a*e(l  northward  thi'ough  broad  sage-covered  plains,  till  its  upper 

course  was  hidden  by  hills.    This  view  was -as  if  set  in  a  frame  formed 

by  the  sliarp  s]>iirs  nuiuiug  out  on  either  hand  and  cutting  off  its  con-  i 

tinuations. 

A  tew  small  Alpine  plants  reach  this  level,  and  even  higher,  though 
Mr.  Stevenson  states  that  all  vegetation  except  lichens  ceased  about 
,'i(iO  feet  below  the  summit. 

Busied  with  these  examinations,  I  waited  longer  than  I  should  have 
done  for  the  missing  barometer,  and  found  that  time  would  not  then 
permit  me  to  complete  the  ascent.  The  others  who  reached  the  saddle 
passed  (breetly  up  the  long  slope  of  debris  leading  fi'om  it  into  the 
gorge  on  the  west  side  of  the  peak,  and  report  that  Messrs.  Stevenson 
and  Laugford  reached  the  summit,  while  Messrs.  Hamp  and  Spen- 
cer stopped  about  300  feet  below.  They  state  that  the  summit  is 
crowned  by  a  rude  qua<lraugular  wall  of  rock,  different  from  that  of 
which  the  summit  of  the  peak  is  itself  comi)osed,  which  must  have  been 
brought  ui)  fvom  some  distance  below,  and  which  is  very  much  disinte- 
grated by  the  action  of  the  weather.  Jf  theur  account' is  correct,  the 
hardest  ]>art  of  the  ascent  is  past  when  the  high  saddle  is  reached. 

Mr.  Stevenson  reported  that  the  Great  Canon  seemed  to  break  down 
suddenly  to  the  plain,  so  as  to  be  apparently  impassable  for  animals. 
Examinations  on  the  east  side  of  the  mountain  in  September  strength- 
ened this  probability,  though  they  were  not  full  enough  to  determine 
positively  that  the  canon  is  impassable. 

To  the  north  of  the  canon,  one  peak  of  the  range,  which  we  have 
called  Mount  Leidy,  has  a  long  wedge-shaped  summit,  upon  the  top  of 
which  a  long  oval  elevation  has,  from  a  distance,  much  the  appearance 
of  a  huge  mound,  like  those  erected  so  numerously  by  the  mound- 
builders  in  the  valleys  of  the  Mississippi  and  its  tributaiies.  This  sum- 
mit, however,  was  not  visited.  These  peaks  have  been  described  by 
some  as  '*  snow-covered  "  the  year  round,  while  others  have  said  that 
they  are  so  steep  that  snow  will  not  lie  on  them,  even  in  winter.  The 
truth  lies  between  the  two,  for  immense  cliffs  doubtless  continue  bare 
through  the  entire  winter,  while  in  some  of  the  ravines  and  ci'evices 
bands  of  snow  run  nearly  to  the  summit,  though  not  so  abundantly  as 
as  to  appear  like  a  mostly  snow-covered  suiface.  We  dragged  our  weary 
limbs  back  to  camp,  where  each  had  his  story  to  tell  of  fndividmU  adven- 
ture and  mishap. 

3lcssrs.  Stevenson  and  Langford  claim  the  right  to  name  this  ]>eak, 
as  bein«r  the  first  wliite  men  to  reach  its  summit,  so  far  as  known,  and 
have  called  it  ]\lount  Ilayden,  in  honor  of  tlie  director  of  our  survey. 
As  no  individual  name  had  been  previously  ai)plied  to  it,  other  than* 
P»ig  Teton  or  (Irand  Teton,  there  appears  to  be  no  reason  why  this  name 
should  not  stand  and  pass  down  for  ages  the  name  of  one  who  has 
] probably  explored  a  f^ieater  extent  of  the  crests  and  eastern  slo[>es  of 
the  liocky  ^Mountains  than  any  other  living  scientist.  The  reported 
readin^^  of  .Mr.  Stevenson's  aneroid  gives  the  elevation  of  the  peak  as 
about  I.'kIOO  feet ;  but  the  gradienter  measurements,  taken  by  Mr. 
Jlering,  intlieate  au  elevation  of  lr>,858  feet,  which  has  been  adopted  as 
alto«;etlier  the  nH»st  reliable  determination. 

Tliou;Lrh  ^^huial  scratches  were  seen  only  in  the  highest  jmrtion  of  the 
canon  of  We.sl  Tel  on  Creek,  yet  abundant  evidence  of  glacial  action 
was  seiMi  in  all  the  lower  part  of  the  valley  in  the  immense  numbers  of 
bowlders,  both  of  granite  and  of  limestone,  whi<*h  are  distributed  over 
its  bottom  an<l  on  its  sides  up  to  about  100  feet.     The  surfaces  of  these 
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bowlders,  however,  have  been  so  much  weathered,  disintegrated  by  fires, 
and  worn  by  the  streams  which,  during  the  subsequent  centuries,  have 
Hooded  and  deepened  the  valley,  that  I  was  unable  to  decide  whether  the 
absence  of  striations  was  or  was  not  due  to  the  bowlders  having  been 
carried  upon  the  surface  or  in  the  mass  of  •the  glacier  rather  than  in  its 
grinding  foot.  These  bowlderdei)osit^ extend  well  out  to  the  mouth  of 
the  caiion.  Ko  true  terminal  moraine  was  recognized ;  and  I  am  at 
I>r^ent  inclined  to  refer  its  absence  to  the  floating  oil'  of  the  end  of  the 
glacier  upon  the  waters  of  a  lake  which  once  evidently,  and  perhaps  at 
that  very  time,  filled  the  basin  of  Pierre's  Hole  and  the  lower  portions 
of  all  these  outer  canons  up  to  not  far  from  the  level  mentioned. 

The  scenery  of  the  region,  as  a  whole,  is  wonderfully  interesting.  Its 
dens^  spruce-forests,  though  now  greatly  injured  by  fire,  gr^ually 
opening  upward  until  they  terminate  in  scattered  groves  of  individual 
beauty ;  its  sharp,  deep  caiions,  with  massive,  precipitous  walls ;  its 
beautiful  and  varied  cascades ;  its  broad  snow-fields,  and  its  sharp, 
ragged,  lofty  peaks,  together  form  a  combination  of  beauty  and  grand- 
eur rarely  equaled.  Though  its  peaks  are  surpassed  by  many  in  actual 
elevation  above  the  sea,  few  such  stand  among  so  broad,  deep 
valleys  as  to  give  so  great  relative  elevations  and  to  be  seen  so 
prominently  over  so  wide  an  extent  of  country.  When  the  region 
becomes  more  accessible  by  means  of  already  projected  railroads,  this 
must  become  a  fiEivorite  resort  for  tourists.  The  route  by  which  we 
reached  Mount  Hayden  appears  to  be  the  most  feasible  for  those  who 
would  approach  it  from  the  west,  though  its  base  can  be  more  closely 
approached  with  animals  on  the  east  side,  so  that  possibly  less  i>er8onal 
exertion  would  be  needed  in  climbing  it  from  that  side.  When  we  left 
the  peak,  I  hoped  to  reach  this  eastern  base  early  enough  to  make 
another  attempt  upon  its  summit,  and  so  to  retrieve  my  lost  honors ; 
but  the  early  snows  of  September  had,  before  our  arrival,  covered  the 
upper  slopes  and  made  the  attempt  too  hazardous  to  be  justifiable.  July 
and  August  seem  to  be  the  months  most  favorable  to  the  ascent. 

The  sportsman  need  not  despise  the  region.  Antelope  still  abound 
on  the  plain;  the  tracks  of  deer  and  elk  were  abundant  about  the 
swampy  bottoms  of  Pierre's  Hole ;  several  bears  were  seen,  and  one 
small  grizzly  was  shot  by  Messrs.  Oarrington  and  Brown ;  a  moose-cow 
and  two  calves  were  shot  in  a  thicket  on  West  Teton  Creek;  and 
abundant  tracks  of  mountain-sheep  were  found  as  high  as  the  saddle 
south  of  Mount  Hayden,  where  no  other  animals  were  seen  larger  than 
the  swallows,  which  were  skimming  about  over  the  snow-banks,  gather- 
ing insect-food.  The  thickets  along  the  streams,  and  especially  the 
groves  near  the  upper  line  of  the  timber,  are  full  of  two  or  three  varie- 
ties of  grouse,  while  ducks  and  geese  abound  in  the  swamp-ponds  of 
Pierre's  Hole. 

Our  original  plans  contemplated  the  passa;:i:e  of  our  main  train  across 
Teton  Pass  into  Jackson's  Hole  and  thence  northward,  while  a  small 
l>arty  should  examine  the  Snake  Kiver  Caiion,  in  the  southern  continua- 
tion of  the  T^ton  Bange ;  but  our  guides  threatened  us  with  impassable 
fords  on  that  route,  by  reason  of  the  continued  high  water  from  the  melt- 
ing snows.  It  was  then  proposed  to  cross  the  ranj^e  by  the  broad 
depression  at  the  head  of  Falls  Kiver  ;  but  this  was  declared  to  be  also 
impassable  by  reason  of  fallen  timber.  This  information  was  afterward 
proved  to  have  been  false ;  but,  accepting  it  as  true,  we  now  turnc<l  up 
the  valley  of  Henry's  Fork,  leaving  our  Teton  camp  on  August  2,  and 
returning  in  one  day  to  our  can>.p  of  July  21,  on  the  north  fork  of  IMeiTe's 
Kiver.    The  next  day,  we  reached  the  banks  of  Falls  Kiver,  finding  it  a 
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large  stream,  flowing  directly  from  the  broad  depression  north  of  the 
Tetons.  ^'o  sedimentary  rocks  wci'e  seen  in  this  region.  Only  scatter- 
ing gmvcs  of  aspens,  pines,  and  spruces  had  been  seen  tlius  far ;  bat, 
after  crossing,  we  at  once  ])a88ed  into  dense  bodies  of  pines  and  spruces, 
hirge  areas  of  which  had  long  since  been  burned  over  and  were  mostly 
grown  up  again  with  dense  young  pines,  from  one  to  six  years  old,  and 
smaller  numbers  of  quaking  asi)ens.  The  country  is  much  cut  up  by 
Iu*ecipitous  canons,  from  50  to  200  feet  deep,  with  flat  bottoms  and 
broad  sliallow  streams,  the  smaller  ones  being  dammed  by  the  beavers 
at  short  intervals.    A  few  pnrple-naci'ed  unios  occur  in  these  streams. 

Api)roaching  the  S])ring  Fork  of  Henry's  Kiver,  two  buttes  are  prom- 
inent, cx)nsistiug  of  porphyries  and  loose-textured  volcanic  sandstone. 
Their  tops  arc  much  cut  by  ravines,  with  flat,  grassy  hollows  at  their 
heads,  which  at  flrst  remind  one  of  craters;  but  closer  examination 
shows  that  these  are  not  distinct  volcanic  cones,  but  ai*e  merely  frag- 
ments of  the  terrace-like  mountain  tothe  northeastward,  which  have  been 
cut  oif  from  it  and  left  behind  in  the  general  erosion  of  the  valleys.  On 
the  s1o|>es  of  one  of  these  buttes  we  found  a  pi*ofusiou  of  large,  blue 
huckleberries,  growing  on  rather  small  bushes  a  foot  or  so  high ;  but 
these  were  not  again  seen  on  the  whole  trip.  A  smaller  trailing  species, 
however,  forming  a  iKjrfect  carpet  in  the  open  groves  of  pine  and 
sprnce,  and  bearing  a  very  small,  deep-crimson  berry,  with  a  pleasant 
acid  flavor,  now  l>egau  to  appear,  and  wa«)  afterward  found  abundantly, 
through  all  the  pine-country,  until  we  resiched  Jackson-s  Lake,  late  in 
September. 

Spring  Fork,  where  we  crossed  it,  is  about  100  feet  wide,  and  waa  then 
carrying  about  150  feet  of  water.  Its  banks  are  vei-y  steep,  consisting 
mainly  of  the  drab  and  pink  porphyries  so  common  in  this  region,  which 
are  here  well  laminated  and  nearly  or  quite  horizontal.  If  Baynolds's 
distances  and  ours  are  both  correct,  our  camp  must  have  been  about  two 
miles  below  the  immense  spring,  described  by  him  as  leaping  over  a  30- 
foot  fall  into  the  stream,  and  furnishing  to  it  fully  two-thirds  of  its 
water  as  well  as  its  name.  This  sudden  increase  would  explain  the  evi- 
dent inconsistency  between  the  size  of  the  stream  and  the  apparent  ex- 
tent of  its  upper  basin.  We  did  not  at  the  time  understand  our  relation 
to  Ivaynolds's  route,  or  we  should  have  tried  to  reach  this  spring.  Start- 
ing from  this  camp  the  next  morning,  August  5,  the  steep  bank  in*oved 
too  exciting  lor  one  of  the  usually  most  obstreperous  of  our  mules,  and, 
in  attempting  to  kicjk  herself  fre^  from  her  pa<;k,  she  lost  her  footing  and 
rolled  down  hill,  turning  five  complete  somersaults  before  reaching  the 
bottom,  where  she  quietly  went  to  grazing,  with  only  one  or  two  slight 
scratches.  For  want  of  any  other  name,  at  the  time,  we  called  this, 
among  ourselves,  the  IVIormon  Mule's  Creek, 

Shortly  after  leaving  this  stream,  we  found  the  soil  becoming  notice- 
ably thinner,  and  masses  of  basalt  began  to  ai)pear  upon  the  surface. 
The  loosely -Jointed  character  of  the  biusalt  seems  to  have  given  to  the 
soil,  as  fast  as  it  formed,  a  ready  passage  downward  with  the  water  of 
rains  and  melting  snows;  so  that,  in  many  places,  broad  surfaces  of  the 
rock  ai)i)ear,  with  barely  enough  soil  upon  them  to  support  a  few  small 
herbs  and  grasses.  The  basalt  is  doubtless  underlaid  here,  as  it  is  else- 
where, by  sands  and  gravels,  which  not  only  readily  absorb  all  waters 
percolating  through  the  crevices  of  thebasalt,  but  also  funiishes  covered 
passiige-ways  tor  the  large  streams  which  sui>ply  large  springs,  of  which 
there  are  many  examples  in  this  region  besides  the  one  just  mentioneil. 
Timber  is  here  more  scattered  and  has  snfl'ered  less  from  fire  than  in 
the  tracts  we  had  recently  crossed.    The  basalt  is  much  bulged  up  into 
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low  domes,  like  those  before  encoantered  and  described.  Many  of  these 
are  broken  away  at  the  top,  and  the  basins  are  often  occupied  by  ponds ; 
these  being  the  exact  equivalent  of  the  poudholes  already  described  as 
having  been  seen  near  Market  Lake,  only  these  are  at  a  less  advanced 
Htage.  By  the  dribbling  outlet  of  one  of  these  ponds,  whose  water  was, 
daring  the  middle  of  the  day  at  least,  too  warm  to  be  agreeable  for  drink- 
ing, we  found  a  small  flow  of  quite  cold  chalybeate  water,  of  medium 
strength.  By  one  of  these  ponds,  on  the  slopes  toward  Henry's  Fork, 
we  camped  on  the  evening  of  the  5th. 

Next  morning,  a  few  of  us  turned  southwestward,  to  try  to  find  the  re- 
ported falls  of  Henry's  Fork.  About  two  miles  from  camj)  we  struck  the 
bank  of  the  river,  at  a  point  where  it  was  just  entering  a  basalt-caiion. 
Following  down  stream  for  several  miles,  we  found  the  walls  gradually 
increasing  to  50  feet  or  more  in  height,  but  finally  turned  back  without 
reaching  the  falls,  after  having  gone  nearly  twice  the  reported  distance. 
The  falls  are  said  to  be  below  the  end  of  this  canon  and  about  80  feet 
in  height,  the  upper  40  feet  consisting  of  rapids  and  the  lower  40  being 
a  clear  leap.  For  about  ten  miles  above  the  canon  the  country  is  open, 
with  gently-sloping,  broad  grassy  bottoms  and  scattered  groves.  At  sev- 
ered points,  large  cold  springs  break  out  from  beneath  the  basalt,  evi- 
dently being  the  outflow  of  streams  which  have  been  swallowed  bodily, 
higher  up,  by  this  cavernous  bed.  These  are  full  of  delicious  trout. 
For  the  next  ten  miles,  dense  timber  runs  to  the  river,  which  is  again 
walled  by  low  outcrops  of  basalt.  At  first,  fallen  timber  was  very 
troublesome  and  delayed  the  train  badly.  Since  the  second  day  out 
firom  our  T^ton  camp,  we  had  been  obliged  to  make  our  own  road,  but 
now,  on  the  banks  of  Fishing  Creek,  we  found  a  trail  which  had,  at 
some  recent  time,  been  used  by  wagons,  following  our  general  course, 
though  it  led  us  up  Fishing  Creek  instead  of  the  valley  of  Henry's  Fork, 
which  here  makes  a  large  bend  to  the  westwaird.  Before  long,  the  trail 
became  less  marked  and  finally  disapi)eared;  but  we  kept  on  to  the  head 
of  the  stream,  which  proved  to  be  one  of  the  large  springs  so  common 
here,  and  then  bore  a  little  westward  to  regain  the  main  stream,  though 
guided  mainly  by  the  summit  of  a  peak  which  was  said  to  stand  on  the 
south  side  of  Henry's  Lake.  Here  we  encountered  excessively  dense 
growths  of  young  pine,  through  which  we  forced  our  way  with  very  great 
difficulty,  the  packs  continually  requiring  replacement.  At  length  we 
reached  Henry's  Fork  and  a  trail  almost  simultaneously,  and  soon  re- 
joiced in  a  good  road  and  a  camp.  We  were  now  done  with  bad  timber 
for  some  time. 

The  season  was  now  so  far  advanced  that  we  began  to  find  that  min- 
gling of  spring  and  fall  flowers  which  is  characteristic  of  regions  where 
the  summers  are  short.  In  the  same  field  we  often  found  violets,  straw- 
berry blossoms  and  fruit,  monk's-hood,  geraniums,  everlastings,  and 
fringed  gentians,  {O.  crinita.)  This  last  was  first  seen  on  August  4. 
Strawberries  were  found  in  considerable  numbers  as  late  as  September  9. 

August  8. — Mr.  Bechler  examined  the  stream  below  our  camp,  and 
found  that  it  ran  for  several  miles  through  a  deep  basalt  canon.  At 
and  above  camp,  its  bottoms  are  broad  and  flat,  including  some  beaver- 
dams,  and  the  valley  continues  of  that  general  character  to  the  lake, 
which  is  only  a  few  miles  distant.  The  groves  are  somewhat  open^  yet 
nearly  all  the  comparatively  bare  spots  are  well  set  with  seedling  pines, 
which  plainly  need  only  protection  from  fire  to  soon  make  good  all  pre- 
vious losses.  Passing  these,  we  soon  enter  the  open  grassy  basin  which 
sorroiindB  Henry's  Lake. 

This  is  a  broad,  shallow  sheet  of  water,  said  to  average  not  more  than 
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8  feet  in  depth,  whfadi  |i  praotioallj  the  head  of  Heaq^-Itork,  tiMQi^ 
several  uniril  ntreaiM  flow  into  it  from  Tarionn  diieotioM.  Tbim^  Ae 
shore  is  very  winding,  and  nnmeiona  points  pnjeet  into  the  lakOi  yet^ 
as  a  whole,  it  is  a  pcittv  regular  body  of  watWi  abont  tluee  Biles  long 
by  fix>m  one  and  a  half  to  two  miles  wide.  Several  small  islandeere 
scattered  over  its  surfaoa  From  its  boideia,  whieh  are  moatiy  maiAy, 
the  plain  rises  very  gradually  to  the  gravelly  tenaoe  of  an  old  laiw- 
shore,  from  80  to  90  fiaet  above  the  present  watu^IeveL  Wben  at  that 
level,  the  lake  wonld  have  been  some  eight'or  ten  mileain  diameter.  Ifo 
higher  terraces  were  apparenti  Tiie  upper  level  is  eoverad  with  sage- 
brush, but  the  lower  mt  suppOTts  Inzunant  growths  <rf  grasses,  aedges, 
and  other  rich  forage-plants.  Near  8awteileni  ranch,  at  the  head  of  the 
lake,  lai^  amounts  of  hay  were  coring  in  the  hot  snn ;  white  a  mewfng- 
macbine  was  still  in  active  operarion  on  the  meadowa.  Messnk  8awteus 
and  Wurtz  here  conduct  a  large  trade  in  firesh  fish,  caught  in  the  lake  and 
its  outlet,  which  they  pack  in  ice  and  haul  fifty  miles  to  Virginia  Oitgr. 
They  at  first  attempted  raising  stock  on  these  rich  meadows;  but  the 
immense  numbere  of  horse-flies  and  gnats  wliich  breed  in  the  swampy 
borders  of  the  lake  soon  compelled  them  to  abandon  that  business. 
They  report  that  game  is  still  abundant  in  the  neighborhood— ante- 
lope, deer,  elk,  moose,  bear,  and  mountain-sheep^  as  well  as  amaUer 
animals. 

In  approaching  this  basin,  the  trail  passed  with  the  river  to  the  west 
side  of  the  valley^  leaving  the  main  monntmn  two  or  three  miles  to  tto 
right  This  consists  of  coarse  volcanic  sandebone,  mostly  compoaed  of 
obsidian.  Two  or  tiiree  deep  cafions  here  reach  the  vafley,  showiag 
that  water  once  worked  powerfnlly  in  them,  but  tiiese  are  now  dory, 
except  where  springs  burst  out  of  the  sandmne  at  their  vecy  moirtha, 
and  apparently  have  carried  no  water  fiir  many  yean  past,  exsepfe  tUuv 
ing  the  times  of  most  rapid  melting  of  the  snow  in  the  apsing;  In 
examinatioDS  made  later  by  Mr.  Bechler,  when  crossing  westward  firom 
the  Fire- Hole  Basin,  ttie  upper  course  of  Uiese  cafions  proved  to  be  of 
the  same  character ;  hero  and  there  large  springs  bunt  out,  but  soon 
disappear  again  in  the  porous  sandstones,  which,  in  that  direction,  form 
the  surface  of  the  entire  mountain.  Passing  a  little  to  the  northward, 
older  rocks  appear  on  the  higber  slopes  of  the  mountain  and  soon  form 
its  entire  face,  the  volcanic  rocks  disi^pearing  beneath  the  valley. 

On  the  opposite  side,  these  appear  again  in  the  high  mountain  lying 
directly  south  of  Henry's  Lake,  known  to  us  as  Sawtdle's  Peak,  whose 
lower  spars  ran  down  nearly  to  the  lake-shore.  The  nigged  precipitous 
sides  of  the  peak,  without  well-marked  stratification,  led  to  the  sus|riaion 
that  it  might  be  of  vcricanic  origin,  and  it  was  accordingly  visited  by  Mr. 
Taggart  and  myself.  It  was  found  to  constitute  the  eastern  and  north- 
eastern wall  of  a  great  crater,  some  1,200  or  1,500  feet  deep,  whose  east 
and  west  diameter  is  about  a  mile  and  a  half,  with  a  transverse  diameter 
of  about  a  half  mile.  The  sides  are  much  washed  down  and  the  bottom 
filled  up;  but,  from  the  position  of  the  portions  of  what  was  appar^itly 
the  original  wall  which  are  still  standing,  it  is  probable  that  the  origi* 
nal  crater  bad  very  nearly  the  dimensions  above  given.  The  walls  con- 
sist of  ragged,  cellular,  largely  amygdaloidal  porhpyry,  containing  crys- 
tals of  quartz,  calcite,  &c.,  partly  weathering  with  a  very  rough  surfiice, 
partly  decomposing  into  a  coarse  brittle  sand,  and  malung  very  treach- 
erous footing.  Lower  down,  the  slopes  consist  of  very  dense,  neariy 
black,  basalt.  The  western  and  northwestern  walls  were  not  visited; 
but  their  style  of  weathering  indicates  much  softer  material  than  was 
found  on  the  part  visited.    Considerable  portions  of  the  crater,  as  well 
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as  the  outer  ilopes  of  the  monntaiD,  were  well  covered  with  tall  pines. 
and  spmceB;  while  the  higher  portions  had  only  scattered  and  stunted 
trees  and  the  crests  were  entirely  bare,  though  enough  dead  stems  of 
small  pines  or  cedars  were  found  even  there  to  make  a  small  signal-fire. 
The  small  plants  of  the  summit  are  mostly  of  Alpine  forms.  Trails  of 
jDonntain-sheep  were  abundant,  but  the  only  vertebrate  seen  was  a  large 
gopher,  (f )  very  distinct  from  any  species  of  which  I  have  been  able  to 
find  a  description,  or  figure,  or  mounted  skin  ;  unfortunately,  he  escaped 
my  bullet.  The  elevation  of  the  i>eak,  as  indicated  by  two  readings  of 
my  aneroid  barometer,  is  about  10,600  feet. 

iNo  lines  of  outflow  were  traced  down  to  the  plain ;  but,  from  the  size 
and  x)osition  of  the  crater,  and  the  character  of  the  lava  of  its  lower 
portion,  it  is  evident  that  this  was  a  prolific  source  of  the  basalt  which 
so  many  times  filled  the  great  plain  stretching  off  to  the  south  and  w<^st. 
The  isolated  cluster  of  mountains,  about  half  way  between  this  peak  and 
the  tiand-Hill  Mountains,  has  apparently  the  same  structure,  and  may 
have  been  another  source  of  outflow.  The  lowest  gap  in  the  crater- wall 
of  Sawtelle's  Peak  faces  northward;  and  the  principal  outflow  of  lava 
was  probably  from  that  point,  escaping  thence  down  the  valley  of 
Henry's  Fork,  though  other  portions  may  very  probably  have  escaped 
through  subterranean  passages  and  cracks  in  other  directions,  as  is 
frequently  the  case  in  those  volcanoes  whose  modem  eruptions  have 
given  opportunities  for  the  observation  of  their  phenomena.  The  por- 
tions of  the  lava  next  to  the  mountain  and  out  to  the  center  of  the 
valley  are  all  pretty  solid  basalt,  while  the  farther  side  of  the  valley- 
deposits,  and  those  which  form  the  slopes  of  the  eastern  mountain,  con- 
sist of  the  older  porphyries  and  volcanic  sandstones. 

The  peaks  of  the  westward  continuation  of  the  range  of  which  Saw- 
telle's  Peak  forms  the  eastern  tenninatiou  show  such  structure,  as  seen 
from  a  distance,  as  to  indicate  that  they  also  are  of  volcanic  origin,  and 
may  have  been  other  sources  of  the  basaltic  outflow.  It  is  not  known 
to  any  of  the  present  inhabitants  of  the  region  that  any  of  these  vol- 
canoes have  been  active  in  modern  times ;  but  Irving,  in  his  Astoria, 
states  that  Mr.  Robert  Stuart,  a  partner  of  Mr.  Astor  in  the  Pacific  Fur 
Company,  when  crossing  the  mountain-range  west  of  Pierre's  Hole,  in 
the  fall  of  1812,  ^^  observed  to  the  northwest,  between  Henry's  Fort  and 
the  source  of  the  Missouri,  several  very  high  peaks  covered  with  snow, 
from  two  of  which  smoke  ascended  in  considenible  volumes,  apparently 
from  craters  in  a  state  of  eruption."  The  location  indicated  would  apply 
well  to  peaks  of  the  range  now  under  consideration.  It  is  hardly  to  be 
8op|K)8e(d  that  so  experienced  a  mountaineer  should  have  been  deceived 
by  timber-fires,  or  that  such  fires  should  occur  near  the  summits  of  i)eaks 
covered  with  snow. 

The  ranges  on  the  north  and  south  sides  of  Henry's  Lake  are  nearly 
parallel,  while  the  cross-range  west  of  it  is  nearly  at  right  angles  with 
them,  thus  giving  a  quadrangular  ionn  to  the  ])lain,  which  here  termi- 
nates the  broad  valley  of  Henry's  Fork.  From  three  points  it  has  easy 
passages  to  the  neighboring  valleys  and  the  region  beyond.  From  our 
camp  on  the  east  side  of  the  valley,  Tyghee  Pass,  named  for  an  old 
Shoshone  chief  who  was  wont  to  use  it,  gives  a  smooth  road,  with  very 
gentle  grades,  into  the  valley  of  the  Upi)er  Madison.  From  the  north 
end  of  the  lake,  a  broad,  grassy  plain,  with  scarcely  a  perceptible  rise  to 
the  divide,  about  four  miles  distant,  shows  a  clear  road  to  Virginia  City 
and  the  Lower  Madison.  This  is  called  Ilaynolds's  Pass,  from  having 
been  osed  by  that  officer  in  his  expedition  of  1859-'G0,  and  described  in 
his  report.    Tyghee  Pass  is  also  mentioned  and  mapped  in  that  report 
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as  having  been  examined  by  Dt»  Hayden.  From  flie  adMhwert  angle 
of  the  valley.  Bed  Book  Flaaa  afflbrda  a  bipad,  flat,  graaay  opening  to 
Bed  Bock  Lake,  one  of  the  nltimate  aooroea  of  Beaver^Btoad  Foci  of 
the  Jefiferaon.  This  waa  not  viaited  by  na,  though  aeea  from  a  diatanee. 
It  was  afterward  examined  by  HeaaEa.  Peale  and  Holmeei  of  Dtm  Hay- 
den's  branch  of  the  expedition.  The  levelk  aa  decided  by  tiie  obaerva- 
tioDs  of  both  parties,  are  aa  fdlowa:  Henr^  Lake,  d,402  feet;  l^gkee 
Pass,  7,063  feet ;  Baynoldtf a  Pass.  a,OU  feet ;  Bed  Book  Pasa,  7,271  fbet 
The  most  fieivorable  rente  for  a  railroad  from  If ontana  to  Oorinne,  wUoh 
is  now  talked  of,  is  apparently  eia  Baynolds^a  Pasa  and  the  valley  of 
Henry's  Fork.  Down  this  vaUey  the  grades  would  be  very  eaay,  averag- 
ing only  about  25  feet  per  mile  from  the  |paas  to  Tayhn^  Bridge.  'On 
Snake  Biver,  and  the  cost  of  grading  veiy  abght,  while  the  large  lilleys 
which  open  on  the  east,  containing  large  areas  of  valuable  gxuing  and 
farming  land,  would  be  opmed  to  settlement,  and  would  very  aoon  ftar- 
nish  considerable  local  business. 

The  short  range  on  the  west  side  of  Henry's  Lake  shows  at  base,  near 
Sawtelle^s  ranch,  a  considerable  body  of  dark  homblendic,  daly  aebist ; 
but  the  mass  of  the  ridge  consists  of  much-f<dded  metamorphie  Ume- 
stone,  which,  in  its  lower  portions,  shows  a  considerable  thiokneaa  of 
light  drab,  almost  white,  rock,  which  would  make  very  fine  bmldiog- 
material.  Its  higher  portions,  however,  contain  very  numerous 
thick  and  thin  banda  of  white,  often  transpiurent,  quarts,  correapcHiding, 
in  general  appearance  and  relations,  witii  the  iNUida  of  chert  whioh 
accompany  certain  pcnrtaona  of  the  Carboniferous  limeatonea  in  tkia  re- 
gion. From  this  character,  in  the  absence  of  any  opportunity  to^dalier- 
mine  its  age  by  tracing  the  bed  to  ita  nnmetamorphosed  portioU}  Ibave 
referred  it,  with  very  little  doubt,  to  the  Oarboniferoua.  Upon  thecMet 
of  the  ridge,  we  found  the  outcrop  of  a  dike  of  trap,  about  00  fcafe  wide, 
standing  conformably  between  the  layers  of  the  limestone,  and  thereftwe 
supposed  to  have  been  deposited  in  that  relative  position  before  the  beds 
were  upheaved  into  their  present  nearly  vertical  position.  The  aubae- 
quent  metamorpbism  of  the  whole  series  has  obliterated  any  marks  of 
alteration  of  the  a^oining  beds  of  limestone,  which  we  might  other- 
wise have  looked  for.  From  the  crest  of  the  ridge  it  was  evident  that 
the  back  spurs  were  of  the  same  general  structure  and  compoaitioiL  at 
the  main  ridge,  at  least  for  two  or  three  miles. 

On  the  east  side  of  Baynolds's  Pass,  metamcMphic  rocks  form  the  baae 
and  lower  slopes  of  the  mountain,  while  quartzites  and  limestcmea  ap- 
pear near  its  summit  This  structure  continues  nearly  to  Tyghee  Baas, 
where  the  upper  rocks  come  down  to  the  level  of  the  plain,  fmr  two  or 
three  miles^  and  then  rise  again,  exposing  the  granites,  gneisses,  horn- 
blende schists,  &c.,  until  we  reach  the  outcrop  of  volcanic  aandatone 
before  described.  Just  west  of  our  camp,  at  the  mouth  of  Q^ghee  Pass, 
the  lowest  of  the  quartzites  is  exposed  on  the  bank  of  a  small  credc 
The  bedding  is  nearly  vertical,  with  a  strike  trending  about  N.  63^  £. 
Unconformably  upon  the  edges  of  this  bed  lie  about  200  feet  of 
a  light-drab,  impure  limestone,  of  Quebec  Group  age,  from  which  we 
obtained  with  difficulty  three  fragments  of  characteristic  trilobites. 
The  dip  is  about  45^  N.  54^  £.  As  we  have  elsewhere  found 
quartzites  of  supposable  Potsdam  age  lying  conformably  beneath  the 
Quebec  Group,  we  are  led  to  question  whether  this  quartzite  may  not 
possibly  be  of  still  earlier  age ;  but,  in  the  absence  of  fossils,  there  are 
no  means  of  deciding  the  question.  But  this  may  very  weu  be  Pots- 
dam, as  I  presume  it  really  is,  without  making  it  necessary  that  it 
should  everywhere  else  lie,  as  here,  unconformably  beneath  the  Quebec 
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At  the  qnartzite-outcrop,  about  a  fourth  of  a  mile  west  of  our  camp 
on  Pass  Creek,  anotiier  small  creek  comes  out  of  the  hills  by  an  entirely 
distinct  canon.  But,  on  going  up  the  pass  about  a  half  mile,  the  two 
cafions  unite  into  one  valley,  with  barely  enough  divide  to  separate  the 
streams ;  yet  these  continue  distinct  and  come  from  very  different  direc- 
tions. At  this  point,  a  stream-terrace  of  about  30  feet  elevation  is  very 
prominent;  but  it  is  not  continued  out  to  the  main  valley.  What  could 
have  been  the  conditions  under  which  these  two  cations  were  thus  formed  f 
Porphyry  appears  in  place  high  on  the  mountain-side  at  several  points, 
and  in  the  stream-bottoms  in  this  junction- valley,  but  only  in  the  more 
eastern  cafion,  so  far  as  I  observed ;  so  that  I  interred  that  the  outflow 
of  the  porphyry  had  stopped  up  the  original  eastern  canon,  and  filled 
up  all  the  upper  valley;  that,  in  subsequent  erosion,  the  new  canon  had 
first  been  worn  through  the  limestones  and  quartzites  to  the  westward, 
a  terrace-like  deposit  of  sand  being  meanwhile  formed  at  the  head  of  it 
by  the  partially-checked  stream ;  and  that  afterward,  when  the  new 
channel  had  been  cut  low  enough  to  reach  the  old-stream  gravel,  and 
the  porphyry  had  been  eroded  from  the  main  valley  outside,  the  per- 
colation of  water  through  the  gravel  of  the  old  chanpel  undermined  the 
overlying  porphyry  and  opened  the  canon  anew  for  the  more  eastern 
stream. 

The  pon^hyry  is  now  so  much  worn  away  from  the  pass  that  the  out- 
crops of  the  older  rocks  can  be  traced.  Above  the  Quebec  group,  as 
in  the  canons  of  the  Teton  range,  we  see  the  limestones  continuous  to 
the  highest  summits.  At  one  point,  the  castellated  ruins  of  the  Niag- 
ara (f)  limestone,  with  their  intermediate  pine-clad  hollows,  make  a 
prominent  show  upon  the  hill-sides.  The  Oarboniferous  limestones,  from 
which  a  few  characteristic  fossils  were  brought  by  Mr.  West,  are  mainly 
thin-bedded ;  but  one  heavy  bed  caps  some  of  the  highest  points.  The 
pass  has  very  little  timber  and  afibrds  a  good  road.  Yet,  the  largest 
trees  seen  during  the  whole  season  stocnl  near  the  summit  of  the  pass. 
No  notes  of  their  size  were  taken  at  the  time,  but  I  remember  them  as 
about  four  feet  through.    They  all  seemed  to  be  dying. 

On  the  Madison  side  of  the  range,  the  porphyry,  which  appears  at 
intervals  all  through  tbe  pas^,  is  replaced  by  basalt.  The  broad  bottoms 
are  covered  with  basaltic  sand,  bearing  a  thin  growth  of  pines.  The 
streams  have  in  many  places  blufi^'  banks  from  30  to  40  feet  high,  of  vol- 
canic sand,  partially  cemented  into  a  loose  sandstone.  As  we  pass  up 
the  valley  the  timber  becomes  more  open,  and,  where  not  burned  over, 
resembles  the  artificial  grouping  of  parks,  with  avenues  opening  in  every 
direction.  There  is,  however,  no  turf,  the  volcanic  sand  being  only 
sparsely  covered  with  a  growth  of  coarse  plants,  often  including  much 
sage-brush.  Through  a  broad  bottom,  occupied  by  numerous  beaver- 
dams,  a  large  stream,  carrying  perhaps  80  feet  of  water,  comes  in  from 
the  south,  which  was  afterward  traced  by  Mr.  Bechler  to  its  source  in 
themountiiins,where  it  growsrapidly  i'rom  the  large  springscharacteristic 
of  the  porous  volcanic  sandstone.  The  Madison  itself  was  carrying 
possibly  2u0  feet  of  water;  sometimes  thinly  spread  out  in  a  broad  chan- 
nel, sometimes  narrow  and  deep,  with  dangerous  holes.  Trout  were 
shy  and  appeared  to  be  few.  Antelope  and  black-tailed  deer  were  seen 
in  contiiderable  numbers  in  this  park-like  region,  which  continued  uxi  to 
the  mouth  of  the  upper  canon  of  the  Madison. 

The  caiion  is  narrow,  with  lofty  cliffs  on  either  hand,  running  up  to 
800,  1,000,  and  1,200  feet  at  diiOferent  points.  Passing  up  the  north 
bank,  our  trail  lay  for  much  of  the  distance  along  the  edge  of  the  river, 
On  the  steep  ^eftriir-Blopes  of  the  mountain.    The  cliffs  consist  mainly  of 
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columnar  porpbyry,  which  disintegrates  rapidly,  forming  pretty  solid 
bat  very  poroas  slopes,  and  so  yield  nainerous  springs  and  form  many 
small  bogs  along  the  river's  edge.  Ripe  red  raspberries  were  abundant 
along  these  slopes,  but  were  not  seen  elsewhere,  I  believe,  on  the  whole 
trip.  The  springy  character  of  these  dSbris  is  apparently  the  only  serious 
obstacle  to  the  building  of  a  railroad  through  the  canon,  which  has  been 
suggested  by  parties  who  desire  to  facilitate  access  to  the  geyser-basins; 
but  the  disintegrated  rock  reconsolidates  so  well  that  I  should  antici- 
jrnte  no  trouble  from  the  springs.  A  noticeable  feature  of  the  river 
along  here  is  its  apparent  freedom  from  freshets  ;  the  vegetation  runs 
down  to  the  water's  edge,  and  no  accumulations  of  drifb-wood  were 
observed.  Does  the  heat  which  escapes  so  freely  in  these  upper  basins 
remove  the  snows  so  constantly  and  steadily  throughout  the  winter 
that  no  accumulations  are  left  to  cause  freshets  by  rapid  melting  in 
spring? 

The  clilfs  along  the  caflon  at  various  points  are  both  beautiful  and 
grand ;  but  we  resisted  the  temptiition  to  give  names  to  all  the  different 
points,  whiiih  is  said  to  have  overcome  others  who  have  passed  this 
way ;  tliongh  Mr.  Raymond  has  not  yet  seen  fit  to  publish  the  names 
for  which  he  would  elaim  priority.  (See  Christian  Union,  New  York, 
May,  1872,  p.  437.) 

We  had  supposed  ourselves  the  only  travelers  in  this  region,  when 
suddenly  we  encountered  a  party  of  officers  and  soldiers  from  Fort  Ellis 
and  other  northern  posts,  under  the  leadership  of  General  Gibbon,  who 
had  been  visiting  the  wonders  of  the  Yellowstone  and  geyser  regions. 
After  a  brief  exchange  of  courtesies  and  information,  both  parties  were 
again  on  the  march,  and  we  soon  emerged  from  the  canon  and  camped 
at  the  forks  of  the  river.  While  the  main  stream  came  from  the  south- 
ward, yet  the  real  continuation  of  the  valley  we  had  been  following  was 
occupied  by  the  stream  coming  from  the  eastward  with  perhaps  40  feet 
of  water.  As  this  stream  had  been  partially  explored  by  General  Gib- 
bon, who  gave  us  some  useful  information  concerning  it,  we  have  oilled 
it  Gibbon's  Fork  of  the  Madison.  Its  valley  continues  eastward  for 
some  eight  or  ten  miles,  when  the  depression  terminates,  the  stream 
entering  it  from  the  north,  where  its  sources  evidently  lie  high  up  on  the 
divide  toward  Gardiner's  River.  Following  directions  given  by  General 
GiblK)n,  we  found,  about  half  a  mile  above  our  ciimp,  the  first  indication 
of  our  approach  to  the  geyser  region,  in  a  cluster  of  hot  springs,  which 
have  formed  a  terrace  a  little  back  from  the  north  bank  of  the  stream, 
and  from  GO  to  80  feet  above  its  level.  The  water  Hows  from  a  dozen  or 
more  difi'ei-ent  openings,  of  which  the  principal  one  is  a  pit  from  2  to  3 
feet  in  diameter  and  15  feet  or  more  in  depth,  from  which  water  is 
ejected  with  constant  ebullition  to  a  height  of  from  1  foot  to  3  feet  above 
the  level  of  the  surrounding  pool.  The  i)ool  itself  is  of  an  irregular 
form,  something  like  the  outline  of  a  goatskin  bottle,  with  the  spring 
in  the  mouth  of  it,  about  200  feet  long  by  from  50  to  90  feet  wide  in  itii 
main  part,  while  the  narrowest  part  of  the  neck  ia  from  10  to  15  feet 
wide.  The  temperature,  at  the  point  of  nearest  safe  approach  to  the 
center  of  ebullition,  was  HIP;  100  feet  distant,  the  water  escaping  from 
the  pool  gave  120^;  while  the  farthest  point  of  the  pool  gave  120^. 
The  exit  flow  was  rapid,  along  a  channel  averaging  about  3  feet 
wide  by  9  inches  deep.  This  had  built  up  its  banks  a  few  inches  above 
the  surrounding  level,  and  at  two  or  three  points  the  deposit  had  even 
bridged  the  sti'eam.  The  second  pool  in  size  was  quadrangular  in  form 
and  measured  about  50  feet  on  a  side.  The  center  of  ebullition  could 
not  be  approached;  and  the  water  along  the  edges  of  the  pool  gave 
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only  113^.  The  smaller  flows  varied  from  llO^  up  to  134^,  and  in  one 
caae  ap  to  15(P.  Several  old  openings  along  the  outer  edge  of  the 
terrace  were  long  since  deserted ;  and  the  flow  is  now  only  from  higher 
levels  farther  back.  The  deposit  thus  appears  to  stop  up  the  channels 
and  so  to  force  the  water  back  until  it  finds  or  makes  new  openings  in 
the  disintegrating  jointed  masses  of  the  porphyiy  which  form  the 
underlying  stratum  and  the  hill  behind  the  terrace.  At  only  one  point 
is  there  a  strong  flow  from  below:  this  is  on  the  immediate  bank  of  the 
stream,  and  the  temperature,  being  only  92^,  indicates  a  mingling  of 
cold  and  hot  S]>rings. 

The  other  fork  of  the  Madison  has  from  this  point  been  called  the 
Fire-Hole  River ;  but  it  is  hardly  a  distinct  stream,  and  should  more 
properly  be  called  the  Fire-IIole  Fork  of  the  Madison.  For  about  five 
miles  above  its  mouth  it  passes  through  a  succession  of  small  canons  with 
precipitous  walls,  which  render  the  stream  inaccessible  in  most  places. 
At  one  point  there  is  a  fine  fall  of  about  30  feet  There  are  also  two 
long  successions  of  rapids,  with  many  points  of  artistic  beauty.  After 
emerging. from  the  canon,  and  getting  far  enough  out  in  the  bottoms  to 
clear  the  timber  and  look  back,  we  found  that  we  had  risen  so  rapidly 
as  to  be  now  on  the  level  of  the  top  of  the  clifi's  on  the  south  side  of 
the  great  caiion  through  which  we  had  passed  on  the  previous  day, 
while  those  on  the  north  side  are  seen  to  rise  rapidly  from  the  borders 
of  the  caiion  into  a  lofty  mountain-mass,  whose  northern  slopes  must 
give  rise  to  some  of  the  head  waters  of  Gallatin  Eiver. 

We  now  come  to  the  stream  which  Dr.  Hayilen  descended  in  coming 
from  the  Yellowstone  in  1871,  and  which  was  named  to  him,  by  his 
guides,  as  the  east  fork  of  the  Madison.  That  name  has  been  applied 
to  at  least  three  different  streams.  If  such  a  point-of-couipass  title  is 
ever  proper,  this  should  most  pro|>erly  belong  to  that  part  of  the  stream 
which  comes  out  of  the  Gallatin  Mountains  and  Joins  the  Madison  nearly 
opposite  Tyghee  Pass.  We  row  propose  to  call  the  stream  which  joins 
the  Madison  at  the  lower  end  of  the  geyser-basins  liayden^s  Fork,  after 
its  first  known  explorer.  Here  we  first  met  with  the  hot  springs  of 
the  lower  geyser-basin.  One  of  the'  first,  directly  on  the  bank  of  the 
river,  had  a  temperature  of  107^.  In  the  mucilaginous dei)osit  upon  its 
sides,  Dr.  Curtis  found  skeletons  of  diatoms,  but  no  living  ones;  but, 
fur  further  statements  of  these  microscopical  observations,  I  must  refer 
to  his  detailed  report.  About  a  quarter  mile  farther  up  the  stream, 
above  the  first  bend,  a  strong  spring,  boiling  intermittently,  but  rarely 
over  a  foot  in  height,  with  a  pool  about  25  feet  long  by  from  6  to  12 
feet  in  width,  gave  a  temperature  of  20(P,  the  highest  found  in  the 
whole  region,  and  a  fraction  above  the  boiling-point  theoretically  due 
to  that  elevation.  And  now  we  were  in  the  midst  of  hot  springs  and 
geysers,  and  shortly  camped  on  a  wooded  knoll  which  overlooks  a  con- 
siderable part  of  the  Lower  Basin.  We  had  expected  to  meet  Dr.  Uay- 
den's  party  in  this  neighl)orhood,  and  soon  learned  that  they  had  reached 
the  Basin,  coming  from  Bozeman,  via  the  Yellowstone  valley,  a  few  hours 
before  us,  and  had  pitched  camp  about  a  mile  farther  east.  Next  morn- 
ing, therefore,  we  moved  over  and  joined  them.  The  collections  of  both 
parties  were  now  packed  up;  specimens  were  gathei*ed  from  the 
geysers ;  and  Mr.  Stevenson  started  with  them,  on  August  17,  for  Vir- 
ginia City,  both  to  ship  the  spex^imens  and  to  procure  provisions  for  our 
return  trip.  Dr.  Hayden's  party  also  started  down  the  Madison,  on  the 
20tb,  and  we  were  again  nearly  alone,  thi)ugh  a  few  visitors  from  Mon- 
tana were  also  in  the  Basin  and  camped  near  us  part  of  the  time. 
Among  them  was  probably  the  first  lady  who  ever  saw  the  geysers- 
Mrs.  Stone,  of  Bozeman. 


CHAPTER  III. 

YELLOWSTOX E  FALLS-^tEYSER  BASINS— MADISON  LAKE- 
SHOSHONE  LAKE— MOUNT  SHEKIDAN— HEAD  OP  SNAKE 
KIVEK— JACKSON'S  LAKE— RETURN  TO  FORT  HALL. 

DnriD?  Mr.  Stevenson's  absence,  seven  of  us  made  a  short  trip  to  the 
Wllowstone  Falls  and  Lake,  starting  on  the  morning  of  the  2l8t.  As 
far  a.4  to  tlie  forks  of  llaydeu's  Fork,  we  had  no  difUcultj  iu  following 
the  trail :  hnt  here,  among  the  swampy  ground,  it  spread  out  so  as  to 
be  very  blind,  and  we  tinally  decided  to  make  one  for  ourselves, 
followiiig  a  northesisterly  course.  The  sloi>es  of  the  dividing  ridge 
are  heavily  timbered:  and.  at  some  points,  we  found  difficulty  in 
forcing  our  way.  though  much  twisting  about  was  generally  the  extent 
of  our  trouble.     The  pack-mule,  however,  was  continually  running 


over  nve  miles.  L  |H>n 
highest  iH>int  of  the  ridge  for  several  miles,  being  about  8,893  feet  above 
the  sea :  but  this  we  did  not  regret,  when  we  came  to  view  the  surround- 
ing si'enery;  for  we  not  only  enjoyed  the  sight  of  a  bn)ad  expanse  of 
beautitiil  ivuntry,  but  were  able  to  select  a  route  which  saved  us  some 
miles  of  travel.  '  Fii>m  the  summit,  we  destrndetl  directly  to  the  head 
of  a  stream-valley  which  shortly  opened  out  into  broad,  grassy  areas, 
akni;:  which  we  traveliMl  rapidly  toward  the  main  valley.  Near  the 
head^atci-s  of  this  little  sti-eam,  we  passed  several  mudpota  and  warm 
sprin*n^.  some  of  the  latter  showing  considerable  deposits  of  sulphur. 
Kmcr'^'i'ng  from  the  foot-hills,  we  found  that  this  stream  joine<l  the  Yel- 
lowstone'^sinith  of  the  Crater  Hills;  we  therefore  crossed  the  rolling 


Uoiv.  then*  is  little  to  add  to  the  descriptions  already  published.    We 

^\.«:n»uH?  and  admiiiHl  the  canon  and  falls  from  all  the  customary  points; 

Nr»  ihxvst*  oi"  us  who  descended  to  the  red  knob  which  stands  out  iu  the 

^1  nM V  of  the  canon,  in  front  of  the  lower  fall  and  slightly  above  its 

t^v* .  ^^•Ax^l  that  this  wjis  by  far  the  best  point  fmm  which  to  view  it 

>^     ;  ;.^.  vsivvi's  host  photographs  of  the  fall  were  taken  from  this  iMiint. 

\  >vv.' .s  ;v»  '.ho  iH^tioui  of  the  canon  below  the  fall  have  heretofore  been 

,,  ,^  J    ».      .^.  ^^iji^  jii^ii*,  the  slopes  on  the  west  side  having  been  held  im- 

.,1.  V  i  '^A     r»'--i  with  considerable  difliculty,  1   made  a  way  down, 

'  f  .    ,  ;    ,   .^  .fc*roa»l  \>ith  my  hammer  to  cut  holes  for  the  next  steps, 

,  X  .  x-x;  *  ^  o  t^H»i  oi"  t he  fall.  The  water  is  mostly  broken  into  drops 
^  ,\^,    ,  ,^,  .1   . ;  .  :o  lH»iiom,  and  the  air  is  tilled  with  sj)ray,  driven  vio- 

'  \    ^  »  .     u    ,.jtu»n  by  the  strong  wind  created  by  the  rush  of  the 

^    VI  ,'x.x  XX    •vU  ;uv  thus  kept  wet  are  well  covcrtMl  with  grasses 

,  .   .  ,     ,    »  :  V  a  s^'\eral  species  weix»  gathered.    This  is  evidently 
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a  favorite  grazing-gronnd  of  deer  and  elk,  whose  tracks  aboanded,  even 
on  the  steepest  slopes.  I  wa^  here  the  victim  of  a  carious  delusion. 
Looking  up  toward  the  fall,  I  saw  what  appeared  to  be  patches  of  small 
flowers,  of  a  rich,  blue  color,  closely  resembling  the  patches  of  brilliant 
blue  ^^  forget-me-nots,"  which  ornament  the  higher  crests  above  us.  In 
pursuit  of  them,  [  pressed  on  until  the  spray  became  a  drenching  rain, 
when  suddenly  I  saw  at  my  feet  patches  of  the  same  blue ;  but  the)' 
were  only  sky  reflections  from  the  wet  rocks !  The  walls  of  the  canon  are 
largely  composed  of  softvolcanicashes,  hardly  cemented,  which  disinte- 
grate rapidly ;  and  the  slopes  are  largely  covered  with  sliding  masses  of 
the  sand  thus  formed.  Where  this  is  reached  by  the  spray  of  the  fall,  it  is 
partly  farther  disintegrated  into  a  bluish-gray  mud,  and  subsequently 
partially  cemented  into  a  fine-grained  argillaceous  sandstone,  stratified 
parallel  to  the  slopes.  These  slopes  descend  directly  into  the  river,  so 
that,  even  at  the  bottom,  the  utmost  care  must  be  used  in  walking. 
Along  the  edge  of  the  river,  several  small  hot  springs  occur,  which  steam 
moderately,  but  rarely  to  such  an  extent  as  to  be  visible  from  the  top  of 
the  canon.  I  was  able  to  reach  but  one  of  these,  which  had  a  tempera- 
tore  of  150^.  On  the  opposite  bank,  a  miniature  geyser  was  in  opera- 
tion ;  from  the  top  of  a  steep  cone,  about  a  foot  high,  a  half-inch  stream 
was  constantly  spirting  about  a  foot  from  the  orifice.  In  ascending,  I 
followed  the  track  of  an  elk,  part  of  the  way,  and  found  much  less  diffi- 
culty than  in  the  descent.  On  the  east  slope,  regular  game-trails  are 
nomerous;  and  I  think  that  most  of  the  animals  which  graze  on  the 
western  spray-slope  approach  and  leave  it  by  fording  or  swimming  the 
river. 

The  upper  fall,  though  less  than  one-third  the  height  of  the  lower, 
appears  far  grander,  by  reason  of  the  momentum  of  the  mass  of  water, 
gained  while  rushing  down  the  rapids  which  extend  about  a  half  mile 
op  stream. 

About  11  a.  m.  on  the  23d,  we  started  southward,  passing  the  Grater 
Hills  and  the  Mud  Geysers,  and  camped  on  the  shore  of  the  lake,  near 
its  outlet,  about  5  p.  m.,  the  distance  being  eighteen  miles.  The  trails  were 
distinct  and  tolerably  level.  The  soil  here  is  very  loose  and  washes 
easily;  so  that,  in  many  places,  the  trails  made  in  1870  and  1871  are 
already  badly  gullied.  This  should  be  considered,  in  laying  out  roads 
and  trails  through>the  park. 

On  most  of  the  early  maps  of  this  region,  a  large  lake  is  represented 
at  the  bead  of  the  Yellowstone,  under  the  name  of  Eustis's  Lake,  a  name 
supposed  to  have  been  given  in  honor  of  General  Eustis,  of  the  Engineer 
Bureau.  Later,  it  appears  as  Sublette's  Lake;  and  now,  for  several 
years,  it  has  been  called  by  the  general  name  of  Yellowstone  Lake.  If 
any  law  of  "  priority''  is  to  hold  in  geography,  it  would  appear  that  the 
name  of  Eustis  should  be  again  and  permanently  applied  to  it,  unless 
the  original  Indian  name  be  ascertained  and  substituted  for  all  later  ones. 
Aside  from  this  general  principle  of  priority,  there  is  no  doubt  that  the 
present  name  is  the  best;  and  it  has  become  so  generally  known  that  it 
is  likely  to  bold.  The  first  map  which,  so  far  as  known,  represents  the 
lake  with  anything  like  its  true  form  is  a  manuscript  one  by  Jedediah 
Sw  Smith,  who  bunted  through  the  mount£iins  from  California  to  the 
British  Possessions,  during  the  years  from  1821  to  1830.  The  original 
was  purchased  in  Oregon  for  the  War  Department,  but  is  supposed  to 
have  never  reached  Washington.  A  copy,  taken  in  1853,  exists  in  the 
hands  of  Mr.  George  Gibbs,  of  New  Haven,  Connecticut. 

When  we  arrived  at  the  lake,  in  the  afternoon,  the  usual  daily  wind 
was  blowing,  and  considerable  waves  were  dashing  upon  the  beach ;  but 
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both  wiDd  and  w»vm  wahtUtA  dnringihe  algbLmiid  both  air  and  water 
were  perfectly  oalm  at  aonrise  next  mcyrnuig.  while  getting  taieakflHti 
we  heard  every  few  momenta  a  onriona  aoond^  between  a  wbiatieanda 
hoarse  whine^  whoee  looaUty  and  eharaoter  we  omM  notat  flrat  detennii^ 
though  we  were  inclined  to  refer  it  to  water^fowl  on  the  other  aide  of  the 
lake.  As  the  snn  got  highe^  the  aonnd  inoeaeed  in  ferop,  and  it  now 
became  evident  that  {cnats  of  wind  were  passing  through  tne  air  above 
nsy  though  the  pines  did  not  as  yet  indioata  the  lesst  motion  in  tlie  lower 
atmosphere.  We  started  before  the  almost  dailv  westerly  wind,  of  wlifeh 
these  gusts  were  evidently  the  ferenumersy  had  began  to  ruffle  the 
lake. 

Grasshoppers  were  so  scarce  that  we  did  not  succeed  in  catching  a 
single  one  of  the  wormy  trout  for  which  the  lake  is  femoos. 

lieachiQg  the  mud*geysers  about  10  o'clock,  we  found  the  principal 
spring  jnst  ready  to  erupt,  and  ao  were  detained  onlv  a  few  minutes. 

Having  thus  briefly  inqiected  the  wonders  of  the  Telle wstcme,  we 
turned  back  along  the  regular  trail  toward  the  geyserbasins,  and  got 
to  camp  that  night  by  a  rather  hard  march  of  about  tbirty-sevmi  miles. 
Considering  the  characters  of  ground  and  timber  along  this  trail,  we 
were  satisfied  that  we  lost  nothing  by  leaving  it  on  our  outward  -trip. 

During  this  time,  Mr.  Bechler  had  gone,  with  his  assistants,  to  examine 
the  divide  to  the  west  of  the  Fire-Hole,  and  to  locate  a  stream  supposed  to 
exist  in  that  direction  and  which  had  been  mapped  as  the  south  fbrk  of  the 
Madison.  But  no  such  stream  exists,  unless  it  be  the  short  one  befbre 
described  as  forming  in  the  north  face  of  the  mountain,  Jnst  east  ci 
Tyghee  Pass.  The  divide  is  high  and  largely  covered  with  dense  tim- 
ber, mostly  young,  the  old  growth  having  been  bmmed  oft  Only  vnd- 
canic  rockJ9  were  found,  being  mostly  obsidian  sandstonea,  whioh  are 
very  porous.  Accordingly,  he  found  but  little  water.  Springs  and  pools 
occasionally  appeared  in  the  ca&ons,  but  soon  sank  again.  From  what 
I  saw  elsewhere  in  this  neighborhood,  I  judge  that  he  would  profa«bly 
have  found  more  open  timber  and  m(»e  water  along  the  spurs  than  he 
did  along  the  cafions.  Hollows  among  and  upon  the  spurs  become  par- 
tially puddled,  and  so  frequently  hold  water ;  while  the  flow  of  springs. 
constantly  wearing  their  channels,  however  slightly,  is  quidkly  abemrbeu 
by  porous  soils.  At  two  points  the  party  found  small  dusters  of  hot 
springs,  some  of  which  spouted  a  little,  but  no  considerable  geysers. 
The  cafions,  running  westward,  flnally  lead  out  to  the  basin  of  Henry^ 
Lake,  whence  the  {Murty  returned  by  our  old  trail  through  Tyghee  Pass. 

ConcerniDg  the  geysers,  springs,  and  pools  of  the  main  geyser^ba^s 
on  Fire-Hole  Fork,  so  much  has  already  been  written  that  I  propose  to 
merely  note  a  few  of  the  more  prominent  points  which  especially  at- 
tracted my  attention,  and  which  have  to  do  rather  with  generalities  than 
with  details,  except  in  case  of  localities  not  visited  by  those  who  have  pub- 
lished descriptions.  In  this  latter  case  I  think  it  beet  to  be  pretty  full, 
in  order  that  we  may  reach  as  far  toward  a  complete  description  of  this 
interesting  region  as  is  possible  for  those  who  only  make  brief  visits  to 
it.  It  is  to  be  hoped  that  means  will  be  found,  ere  long,  to  locate  two  or 
three  persons  here  for  an  entire  season,  so  that,  by  protracted  detailed 
obHervations,  we  may  obtaii^  something  like  an  approximate  idea  of  the 
laws  which  govern  the  wonderful  phenomena  here  displayed  on  so  gruid 
a  scale. 

At  one  point  in  the  lower  basin,  near  the  Architectural  Geyser,  we 
foand  masses  of  volcanic  sandstone,  perforated  by  numerous  irregular 
holes  from  a  quarter  inch  to  an  inch  in  diameter,  which  had  evidently 
been  dissolved  out  by  the  hot  waters,  in  their  esci^>e  to  the  surface. 
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Here,  I  think,  we  have  an  example,  on  a  small  scale,  of  the  process  by 
which  the  lai^  cavernous  pools,  of  which  so  many  examples  occar  all 
aboat  OS,  have  been  excavated.  It  would  appear  that,  in  many  cases 
at  least,  the  hot  alkaline  (f )  water,  as  it  reaches  the  surface,  is  not  thor- 
ooghly  saturated  with  silica,  and  accordingly  dissolves  away  the  wails 
of  its  orifices,  so  as  to  undermine  the  surrounding  area,  the  suiface  of 
which  fsdls  in,  until,  in  many  cases,  large  caverns  are  excavated.  This 
action  appears  to  be  limited  in  two  ways :  first,  the  pool  may  reach  such 
dimensions  that  the  quantity  of  water  constantly  supplied  bears  so 
small  a  ratio  to  the  whole  contents  that  the  whole  pool  becomes  par- 
tially cooled  as  well  as  somewhat  concentrated  by  evaporation,  and  so 
the  excavation  is  checked,  if  not  stopped ;  and,  secondly,  the  supply- 
pipe  may  become  almost  entirely  stopped  up,  so  that  barely  enough 
water  is  supplied  to  make  good  the  loss  by  evaporation,  in  which  case 
the  solution  of  silica  would  become  supersaturated,  and  the  silic»i  itself 
be  deposited  on  the  walls  and  bottom  of  the  pool  until  it  be  ultimately 
closed  again,  unless  the  stoppage  of  the  tube  be  removed,  and 
the  succession  of  cx)nditions  thus  begun  again.  If,  however,  the 
stoppage  of  the  tube  be  complete,  the  silica  will  soon  all  be  de- 
posited by  reason  of  the  evaporation  of  the  water,  and  the  pool  will 
become  a  dry  cavern,  except  in  positions  where  it  may  be  kept  full  by 
the  drainage  of  surface-waters.  The  large  deep  pools,  however,  are 
generally  very  hot,  showing  a  constant  supply  from  beneath,  and  many 
of  them  are  in  constant  ebullition,  though  rarely  true  geysers;  indeed, 
I  believe  that  the  Giantess,  in  the  Upper  Basin,  is  the  sole  exception  to 
the  rule,  so  far  as  yet  observed ;  and  this  is  probably  in  its  last  stages 
and  near  extinction,  if  we  may  judge  by  the  length  and  irregularity  of 
its  intervals. 

The  smaller  vents  vary  greatly  in  temperature,  depending  apparently 
upon  the  greater  or  less  freedom  of  their  connection  with  the  heat- 
centers  below.  In  some  cases  they  are  few  and  solitary,  with  little  or 
no  deposit  about  them,  as  if  they  had  been  but  recently  o|>ened.  Again, 
they  are  in  large  clusters,  of  which  the  more  elevated  vents  are  generally, 
thoiagh  not  always,  the  hottest.  It  would  appear  that  the  comparatively 
comi>act  deposit  of  nearly  pure  silica,  formed  by  the  flowing  water,  is 
much  less  readily  dissolved  and  disintegrated,  by  the  hot  flow  beneath, 
than  is  the  silica  of  the  more  porous  and  partly  argillaceous  volcanic 
rock  which  forms  the  slopes  of  the  hills ;  so  that,  when  a  vent  is  once 
stopped,  it  is  very  rarely  reopened,  unless  by  earthquake-cracking,  and 
the  checked  water  is  forced  backward  and  escapes  at  higher  and 
higher  points  on  the  hill-side^  In  the  geysers,  the  tube,  being  exposed 
to  the  air  at  frequent  intervals,  while  it  is  yet  dripping  with  the  rapidly 
evaporating  water  of  previous  eruptions,  receives  constantly  new  layers 
of  silica,  which  are  but  slightly,  it'  at  all,  re-dissolved  by  the  next  erup- 
tion ;  and  so  its  size  is  constantly  decreased,  until  the  tube  becomes  en- 
tirely closed  and  a  new  vent  is  opened  elsewhere. 

In  the  clusters  of  small  vents,  there  is  generally  more  or  less  sympa- 
thetic action,  showing  that  they  open  into  some  common  chamber  be- 
low, but  that  the  connecting  passages  are  more  or  less  contracted,  so 
that  the  flow  of  steam  and  water  is  far  from  being  controlled  by  the  ordi- 
nary laws  of  hydrostatics.  Frequently  a  large  vent,  whether  a  geyser 
or  simply  a  boiling  pool,  is  surrounded  by  a  numl>er  of  small  ones,  which 
are  active  while  it  is  quiet  and  quiet  while  it  is  active.  I  stood,  one 
momiDg,  upon  the  mound  of  Fountain  Geyser,  in  the  Lower  Basin, 
wboiie  pool  was  filled  to  overflowing,  and  was  watching  a  vehement 
sleamget,  a  hundred  yards  away,  on  the  lower  slopes  of  the  terrace. 
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Suddenly  this  ceased,  and,  at  the  same  instant,  Fonntain  commenced 
playing,  throwing  a  body  of  water,  some  10  feet  in  diameter,  though 
mostly  broken  into  drops,  to  constantly  varying  heights  of  from  5  to  over 
40  feet.  This  continaed  for  aboat  thirty  minutes,  and  then  ceased  rather 
abruptly ;  as  suddenly,  the  steamjet  commenced  again.  About  twenty 
minutes  later  it  ceased  again,  and  a  small  pool,  a  few  yards  from 
Fountain,  which  had  been  empty  before  the  latter's  eruption,  but  par- 
tially filled  by  its  overflow,  immediately  began  to  boil  and  to  spit  water 
from  5  to  10  feet  high,  and  continued  intermittently  for  a  half  hour  or 
more.  During  its  periods  of  moderate  boiling,  the  steam-jet  opened 
again,  but  ceased  when  the  boiling  became  more  violent.  Other  vents 
in  the  neighborhood  seemed  to  have  some  slight  sympathy  with  tJiese. 
Similar  facts  were  noted  elsewhere.  Thus,  in  the  Upper  Basin,  Orand 
Geyser  has  only  a  small  pool,  and  erupts  only  at  long  intervals.  Close 
by  its  side.  Turban  Geyser  is  almost  constantly  disturbed,  and  has  fire- 
queut  small  jettings  of  from  5  to  20  feet ;  but,  when  Grand,  without  giv- 
ing any  warning,  sprang  suddenly  into  its  magnificent  eruption,  nearly 
200  feet  in  height.  Turban  seemed  startled  into  more  violent  action, 
reaching  70  or  80  feet,  and  rising  and  falling  synchronously  with  Grand. 
Giant  stands,  with  another  good  sized  mound,  upon  a  broad  platform  on 
the  river-bank.  As  1  first  saw  it,  water  was  spirting,  intermittently,  to 
heights  varying  from  G  inches  to  20  feet,  from  some  fifteen  or  twenty  small 
vents  on  various  parts  of  this  platform.  When  the  two  large  vents  began 
to  show  activity,  though  boiling  to  only  small  elevations,  these  little  ones 
became  quiet.  When  Fan  Geyser  was  in  full  eruption,  its  partner,  30 
yards  ofi',  was  steaming  gently.  Fan  stopped  for  a  moment,  and  its 
partner  fairly  roared  with  a  rush  of  steam,  which  stopped  as  soon  as  Fan 
opened  again.  Yet  they  are  not  in  full  sympathy ;  for,  on  another  oc- 
casion, Fan  was  steaming  or  boiling  very  gently,  while  its  partner  was 
boiling  furiously,  and  throwing  water  5  or  10  feet  high,  but  with  qniet 
intervals,  during  which  Fan  showed  no  access  of  force.  (Under  such 
circumstances,  one  is  inclined  to  question  whether  Fan's  partner  may 
not  possibly  serve  as  the  vent  for  two  distinct  geyser-tubes.)  The  three 
pooKs  which  surround  Giantess  lost  much  water  by  her  eruption,  but  were 
not  drained  as  low  as  the  bottom  of  her  pit  when  that  was  empty. 

In  many  cases,  however,  vents  almost  side  by  side  show  not  the  least 
sympathy.  About  200  feet  east  of  the  Steady  Geyser,  in  the  Lower 
Ba^in,  which  constantly  spouts  from  5  to  20  feet,  Young  Hopeful  spirts 
from  2  to  10  feet  high  for  from  sixty-five  to  eighty  necondH,  with  quiet 
intervals  of  about  the  same  length.  About  60  feet  from  it,  another  small 
vent  spirts  from  G  inches  to  2  feet,  for  from  thirty  to  forty  seconds,  with 
intervals  of  from  forty-five  to  sixty  seconds.  Here  is  evidently  no 
sympathy. 

The  deposits  made  by  the  springs  and  geysers  vary  greatly.  W^here 
the  liow  is  gentle,  the  deposition  generally  takes  place  in  thin  laminse, 
of  thickness  varying  from  that  of  a  sheet  of  pai)er  to  a  quarter  inch. 
Though,  as  previously  staU'd,  this  is  so  compact  as  to  be  dissolved  with 
difficulty  from  below,  yet  its  thin  lamina)  are  readily  separated  and 
broken  by  frost,  and  form  a  very  peculiar  line  gravel,  immediately  rec- 
ognized after  having  been  once  seen,  which  has  served  to  indicate  the 
former  location  of  hot  springs  over  broad  areas  which  give  no  other 
evidence  of  such  vents  ever  having  existed.  In  the  small  pools 
which  surround  many  of  the  geysers,  we  fi-equently  find  great  numbers 
of  apparently  water- worn  pebbles;  but,  npon  breaking  them,  we  find 
their  structure  concentric,  and  it  becomes  evident  that  they  have  grown 
by  constant  surface-accretions,  while  the  frequent  agitation  of  the  pools, 
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by  water  falling  from  the  geyser-jets,  has  prevented  their  being  cemented 
to  the  bottom,  and  has  at  the  same  time  aided  in  keeping  them  smooth. 
Where  these  are  few,  so  as  to  have  plenty  of  room  for  rolling,  they  are 
commonly  quite  regular,  and  often  nearly  spherical;  bnt,  where  they 
are  numerous  and  crowded,  they  wear  each  other  quite  irregularly,  so  that 
polyhedral  forms  abound.  Often,  while  the  lower  portions  are  thus  poly- 
hedral, the  exposed  upper  surfaces  are  quite  regularly  spheroidal.  The 
original  centers  of  concretion  seem  to  have  been  very  minute  fragments, 
broken  from  the  surfaces  of  the  geyser-cones,  probably  by  the  rush  of 
the  eruption.  In  some  cases,  the  upper  surfaces  of  these  concretions  are 
pearly,  in  others  they  are  beaded ;  occasionally  the  whole  surface  is  beaded, 
or  is  covered  with  prickly  points.  These  surfaces  are  also  frequently 
deposited  upon  fragments  of  the  laminated  material  which  may  have 
by  any  means  found  their  way  into  these  crystallizing  baths.  These 
pearly  and  beaded  and  prickly  surfaces  are  also  individual  characteris- 
tics of  the  deposits  of  different  geysers,  and  vary  greatly  in  detail.  The 
immediate  orifice  of  a  geyser  is  almost  universally  beade<1,  and  this 
character  extends  to  greater  or  less  distances  from  it,  according  to  the 
distribution  of  the  falling  water,  surfaces  frequently  thus  washed  or 
sprinkled  being  almost  universally  of  this  character.  Such  surfaces,  on 
the  contrary,  as  are  frequently  bathed  in  steam,  without  much  spray, 
are  nearly  always  pearly,  as  if  the  steam  itself  carried  enough  silica  to 
form  the  extremely  thin  layers  which  are  essential  to  pearly  luster. 
This  is  commonly  the  character  of  the  upper  surfaces  of  those  coral-like 
growths  which  form  along  the  borders  of  many  of  the  quiet  hot  pools, 
while  their  lower  surfaces  are  covered  with  prickly  xK)ints.  In  nearly 
every  xmx)1,  except  where  ebullition  is  so  strong  as  to  break  up  such  ten- 
der tissues,  we  see  gelatinous  vegetable  forms  allied  to  mycelium^  or 
the  **  mother  "  of  vinegar,  sometimes  in  broad,  thick  sheets,  sometimes 
in  tbick  branching  forms,  resembling  sponges,  sometimes  in  long  waving 
Hbers.  The  former  kinds  are  generally  either  green  or  rusty  brown ; 
the  fibrous  forms  are  generally  pure  white.  These  are  very  common  in 
the  rapidly-flowing  outlets  of  the  hot  pools,  and  are  continually  repro- 
duced as  these  channels  till  up  with  newly-deposited  silica;  so  that>,  in 
breaking  through  the  crust,  we  oftcu  find  laminae  filled  with  molds  of 
those  fibers,  and  sometimes  to  such  an  extent  as  to  closely  resemble 
silicified  wood. 

From  our  camp  on  the  east  side  of  the  lower  basin  we  saw  on  several 
occasions  tall  columns  of  steam  rising  from  near  the  foot  of  the  ridge 
on  the  extreme  western  side  of  the  basin,  but  at  first  referred  them  to 
the  cluster  among  which  we  had  camped  on  the  evening  of  our  arrival. 
Bnt  nxK)n  examination  we  found  a  considerable  stream  comingfrom  west  of 
the  Twin  Buttes,  which  had  not  been  seen  by  previous  explorers,  and 
whose  valley  included  a  cluster  of  large  geyser-mounds,  from  which  these 
columns  of  steam  must  have  escaped.  Though  this  group  was  visited 
on  three  different  occasions,  none  of  us  were  so  fortunate  as  to  witness 
any  eruption  from  these  vents.  On  entering  the  valley  from  below,  we 
see  before  us  a  range  of  four  large  mounds  running  diagonally  across 
it.  The  two  central  ones  are  the  highest,  and  appear  so  much  as  if  they 
were  guarding  the  upper  valley  that  this  was  called  Sentinel  Branch. 
Approaching  this  row  from  the  east,  the  first  spring  observed  is  upon  a 
low  mound,  near  the  foot  of  the  spur  which  separates  this  valley  from 
the  main  one.  It  is  a  deep  oval  pool,  whose  two  diameters  are  about 
12  and  15  feet,  with  a  beautifully-scalloped  edge,  not  raised  above  the 
general  sorface  of  the  mound.  The  temperature  is  198^,  and  this  is 
probatily  a  geyser.    Several  small  vents  also  appear  on  this  mound,  but 
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no  other  is  importMiti    ▲  little  to  the  left^  ae-we  advaoee  aianiie  the 
vaHey,npona  veiy  flal  moondi  we  And  ft  ekister  of  Irar  leige  «id  aev- 
eral  amallirente.    The  beady  depoait  about  theoii  ia  veiy  pietty.    One 
of  the  larger  vents  aiqwreatly  spoata  aMdenately,  dioagh  notfioeqiieiitlj. 
The  temperatares  vary  item  VU9  to  199^.    A  iem  loda  fiurther  oo,  wa 
come  to  a  traacated  oonical  mound,  rising  aboot  S2  fieet  idiove  the  ormk, 
on  whose  b«ik  it  stands.    Upon  the  somaiit  is  a  shallow,  nearly  eiim- 
lar,  pool,  aboat  nine  feet  across,  bordered  with  an  azqaisito  frilled  edging^ 
from  four  to  six  inches  hig^  from  the  sorftMse  (rf  the  moond.    From  this, 
three  or  fonr  smaU  streams  flow  over  the  edge  and  down  the  side  of  the 
monud  titiroagh  deeply-imbedded  channels.    This  ^ipears  to  be  a  strong 
spouter,  and  is  probably  thesooroe  of  the  tall  eolamn  of  steam  befiire 
mentioned.    The  creek  cats  into  the  base  of  die  monnd  on  the  north 
and  west  sides,  and  wiU  probably  before  mai^  years  cut  in  to  the  eratad 
tobe  and  cause  the  emptions  to  take  a  horixontal  direction,  as  well  ai^ 
or  instead  of^  a  vertical  one.    The  temperatoze  is  198o.    A  ibw  rods 
fiEirther,  on  the  west  side  of  thecreek,  stands  another  mound  of  the  aame 
form,  bat  from  two  to  three  feet  lower,  and  its  pool  is  a  little  leas  regn**' 
lar.    It  has  also  a  small  conical  vent  Just  outside  the  pooL    This  baa 
probably  been  a  strong  ^M>uter,  bnt  I  think  that  it  does  not  now  erupt  x. 
temperatore,  197o.    The*<Miiamentation  about  these  two  pools  a^ieaiea 
to  me,  as  well  as  to  others,  to  be  the  most  beaatiful  of  any  in  the  whole 
%  basin.    Still  going  westward,  we  find,  in  the  extreme  edge  of  the  valley^ 
on  the  top  of  a  low  mound,  a  duster  of  fonr  v^its.  from  one  to  twoand 
a  half  feet  across,  quite  irregular  in  shape,  and  all  bmling  too  violentiy 
to  allow  one  to  take  the  temperaturea.    All  were  surrounded  by  bead-lika 
incrustotioDs.    I  Judge  that  they  aU  spout  moderately.    Along  this 
western  side  of  the  valley,  the  base  of  the  hill  is  thorooi^dy  satnnatsd 
by  the  flow  of  very  nomarous  cold  and  sUgfatly  warm  apriags.    Aboat 
a  qaarter*mile  above  the  mounds,  we  found  the  creek  flowing  n^UUy  ia 
a  narrow  deep  channd  with  muddy  banks,  and  not  easily  crossed.    Ite 
temperature  of  52^,  and  the  entire  absence  of  die  siliceous  finn^ments 
elsewhere  so  abundant,  satisfied  us  that  no  hot  springs  exist  in  the  upper 
part  of  ite  valley.    Betorning  to  our  former  crossing,  between  the  high 
mounds,  we  turned  south  along  the  east  side  of  the  valley.    Here  is  a 
low  mound  on  the  foot  of  the  spur,  which  had  shown  only  the  smallest 
whiffs  of  steam,  and  bad  been  supposed  to  be  nearly  extinct;  but,  upon 
approaching  the  vent,  we  found  a  deep  basin,  apparendy  hollowed  out 
of  dark  baiedt,  bnt  really  lined  with  a  smooth-surfaced  dark  reddish- 
brown  siliceous  deposit,  made  by  the  spring  itself.   This  is  very  different 
in  color  from  any  odier  known  in  the  whole  Fire-Holp  Valley,  and  was 
called  the  Iron  Pot.    It  was  boiling  moderately  at  about  six  feet  below 
the  surfoce,  when  first  seen,  but  afterward  filled  nearly  to  the  surface. 
Its  temperature  could  not  be  obtoioed.    The  form  of  the  pool  is  ovate, 
about  7  feet  by  5  at  the  lowest  level  seen,  and  expanding  above  to  about 
10  feet  by  7.    Though  it  may  often  fill  its  pool,  it  probably  does  not 
spout  much.    A  hundred  yards  farther  south,  along  the  foot  of  the 
spur,  there  is  an  irreguiarly-obloug,  steamiog  pool,  about  100  feet  by  30, 
and  from  15  to  20  feet  deep,  with  two  or  three  deeper  pits.    At  the  east 
end  it  boils  consteutly  and  sends  off  dense  clouds  of  steam.    Along  the 
edge  at  this  end,  the  ordinary  pearly-beaded  deposite  are  abundant,  while 
a  few  inches  within  the  rim,  and  sometimes  atteched  to  it,  were  numer- 
ous coral  or  mushroom-like  forms  with  broad  tops  expanding  from  a 
slender  base.    The  portions  of  these  forms  which  are  toward  tixe  steam, 
and   so  are  constently  moist,  are   covered  with   small   points,   re- 
minding  one  of  the  polyp-cells  of  the  Madrepores,  while  the  oppo* 
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Bite  sideB,  which  mast  be  alternately  wetted  by  the  steam  and 
spray  and  dried  by  the  wind,  have  the  beautiful  pearly  luster, 
{Kftrtly  due  to  the  thin  lamination  of  its  structure  and  partly  to  the 
opaline  composition  of  the  material.  The  west  end  of  the  pool  is  shal- 
low, and  the  water  flows  from  it  to  the  foot  of  the  slope  over  broad  and 
shallow  terraced  steps,  resembling  the  deposits  of  the  calcareous  springs 
of  Oardinei's  Biver,  though  on  a  much  smaller  scale.  The  main  pool 
nowhere  showed  a  higher  temperature  than  ISl^j  but  a  little  vent  two 
feet  from  its  rim  gave  19.^^.  Several  small  pools  and  vents  were  noticed 
in  the  adjoining  timber,  but  none  that  deserve  special  mention. 

Thongh  this  whole  valley  is  more  or  less  miry,  yet  its  luxuriant 
growth  of  grasses  and  other  forage-plants  attracts  the  game,  whose  trails 
abound  in  every  direction ;  and  this  is  probably  the  best  location  for  a 
ranch  that  can  be  found  in  the  Lower  Basin.  The  camping-ground  on 
the  east  side  of  the  valley  is  low  and  damp,  so  as  to  be  unhealthy  for  a 
prolonged  stay.  If  a  hotel  were  to  be  located  in  the  region,  the  best 
place  would  probably  be  on  the  foot-hills  on  the  east  side  of  the  river, 
bietween  the  Lower  and  Upper  Basins,  since  cold  springs  and  abundant 
fbrage  within  easy  reach  would  there  be  combined  with  dry  locations  for 
bailding,  while  the  wonders  and  beauties  of  either  basin  would  be  but  a 
short  distance  of& 

Most  of  the  cold  ponds  found  at  intervals  throughout  the  valley  are 
plainly  extinct  hot  springs ;  but,  among  the  timbered  hills  about  a  half 
mile  southwest  of  the  White  Dome  Geyser,  there  is  a  large  one  which 
is  not  of  this  character.  It  has  no  outlet.  Just  south  of  it  is  another 
hollow,  once  occnpied  by  a  still  larger  pond,  of  which  only  a  small  pool 
now  remains,  while  the  old  bottom  is  covered  with  a  very  luxuriant 
growth  of  grasses  and  sedges. 

Between  the  two  basins,  Babbit  Branch  enters  the  river  from  the 
east,  with  a  strong  flow  of  hut  water.  The  whole  of  its  short  valley  is 
flUed  with  warm  and  hot  springs.  The  principal  one,  at  the  head  of  the 
northern  fork,  a  large  steaming  pool,  reaches  148^,  and  is  not  surpassed 
by  any  of  its  neighlK)rs.  About  the  forks  of  the  stream,  a  considerable 
cluster  of  steam-vents,  pools,  and  mud-x>ots  give  various  temperatures 
up  to  186^  and  192^ ;  yet,  as  a  whole,  the  group  shows  but  little  activity. 
Steam-vents  and  small  pools  run  far  up  the  side  of  the  mountain.  At 
the  head  of  the  southern  fork,  separated  from  the  last  group  by  from  200 
to  300  yards  of  timber,  is  a  cluster  of  mostly  small  springs,  which  shows 
rather  gpreater  activity.  The  principal  vent  is  situated  under  the  pre- 
cipitous bank,  and  is  apparently  working  backward  by  undermining  the 
overhanging  rock.  Large  masses  have  already  slipped  off  and  fallen  into 
the  narrow  pool,  so  as  to  greatly  interfere  with  the  free  motion  of  the 
water;  and,  accordingly,  though  steaming  and  boiling  furiously,  it 
spatters  only  a  short  distance.  It  was  ioipossible  to  reach  the  boiling 
center;  the  nearest  accessible  part  of  the  pool  gave  a  temperature  of 
192^.  Grossing  the  spur  to  the  southward,  we  found,  instead  of  a  broad, 
flat  valley,  like  the  one  we  had  just  left,  a  narrow,  steep  ravine,  partly 
with  precipitous  sides,  at  only  one  point  of  which  did  we  see  slight  indi- 
cations of  warm  springs.  There  was,  however,  an  abundant  flow  of  cold 
springs,  fully  equal  in  volume  to  that  of  the  hot  spnugs  of  Rabbit 
Branch.  As  no  difierence  was  noticed  in  the  rocks  of  the  two  hollows, 
we  could  refer  their  difierence  in  form  of  erosion  only  to  the  solvent 
power  of  the  hot  waters. 

As  we  approach  the  Upper  Basin,  we  find  considerable  stretches  of 
swampy  flats,  now  nearly  destitute  of  any  signs  of  hot-spring  action, 
but  probably  occupied  by  such  springs  in  former  times.    In  the  Upper 
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Basin,  we  find  fewer  of  the  mireholes  which  render  travel  difficult  and 
even  uangeroas  in  some  partis  of  the  Lower  Basin.  The  surface  is  made 
up  largely  of  the  thinly -laminated  sinter,  broken  up  by  frost  and  sun, 
and  partly  of  the  clay  left  behind  in  the  disintegration  of  the  volcanic 
rocks  and  the  removal  of  the  silica  by  the  hot  waters. 

The  larger  geysers,  so  far  as  yet  known,  are  clustered  within  a  rather 
limited  area,  so  that  one  can  generally  watch  three  or  four  at  once.  The 
different  ones  have  very  different  periods  of  eruption ;  and,  in  many, 
the  successive  intervals  of  any  one  vary  considerably.  The  violence  of 
eruptions  also  varies  greatly ;  but  no  law  of  connection  between  relative 
violence  and  length  of  interval  has  yet  been  determined.  Many  of  the 
geysers  erupt  without  any  noise,  other  than  the  mere  rush  of  water  and 
steam  ;  but  the  eruptions  of  several  of  the  larger  ones  are  constantly 
accompanied  by  violent  regular  pulsations,  audible  to  a  considerable 
distance,  and  shaking  the  earth  for  many  rods,  as  if  a  fifty-thousand- 
horse-power  steam-pump  were  in  full  action  down  below.  In  one  erup- 
tion of  Giantess,  five  or  six  pulsations  were  heard  before  the  water  be- 
gan to  rise.  Their  rate  was  at  first  seventy-three  per  minute,  but 
slightly  decreased  toward  the  close  of  the  eruption.  One  eruption  of 
Grand  started  with  seventy-two  pulsations  per  minute,  which  decreased 
to  seventy,  in  the  course  of  twenty  minutes,  and  became  fainter  and 
fainter.  Another,  of  the  same  geyser,  started  at  seventy-three  per  min- 
ute, slowing  gradually.  In  most  instances,  these  pulsations  cease  when 
the  flow  of  water  ceases ;  but  they  were  once  observed  to  continue  for 
some  minutes  after  the  opening  of  the  final  rush  of  steam.  This  escape 
of  steam  often  comes  with  greater  velocity  ai\d  noise  than  that  of  the 
water,  and  is  really  a  part  of  the  eruption,  though  generally  not  so  con- 
sidered. 

The  erosion  eflfected  by  the  erupted  water  is  generally  very  slight, 
being  confined,  even  in  case  of  the  most  abundant  flow,  to  the  channels 
by  which  the  water  escapes  and  to  the  space  immediately  about  the 
vent,  where,  however,  the  sinter  is  generally  very  compact,  and  is  in- 
creased by  deposition  from  evaporation  rather  than  eroded  by  the  fall- 
ing jet.  In  the  case  of  Fan  Geyser,  the  main  jet,  instead  of  being  ver- 
tical or  nearly  so,  escapes  at  an  angle  of  about  6(P  with  the  horizon, 
and  the  falling  water  has  hollowed  out  the  disintegrating  sinter  quite 
deeply  for  a  space  of  about  115  feet  from  the  vent. 

In  some  of  the  shallower  hot  pools,  we  find  beautiful  rosettes  of  sin- 
ter, of  variable  thickness,  slightly  attached  to  the  bottom.  In  their 
earliest  stages,  these  are  extremely  thin,  and  from  the  lower  side  small 
spiny  processes  fall  to  the  bottom,  much  like  the  rooting-processes  of 
the  bryozoans,  or  the  roots  which  depend  from  the  branches  of  the 
mangrove  and  the  banyan.  Judging  by  their  general  appearance  and 
conditions,  these  probably  originate  as  fragments  of  very  thin  pellicles 
formed  by  evaporation  upon  the  very  surface  of  the  pool,  and,  broken  up 
by  the  wind,  each  fragment  tends  to  sink;  but  some  of  them  escape  that 
fate,  and  more  material  accumulates  by  evaporation  upon  their  wet  edges, 
so  that  they  become  basin-shaped  and  float  securely.  I  cannot  account 
for  the  basal  spires,  about  which  a  solid  pedestal  finally  accumulates,  ex- 
cept by  supposing  that  they  have  central  nuclei  of  the  small  fibers  of 
mycelium^  which  are  floating  in  all  these  pools  in  greater  or  less  abun- 
dance. 

With  the  exception  of  these  low-grade  vegetables,  and  the  larves  of 
llelicopsyche,  found  by  Mr.  Taggart  in  water  of  temperature  of  180^,  we 
saw  no  evidence  of  the  existence  of  living  forms  in  these  very  hot 
pools. 
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A  small  stream,  carryiDg,  perhaps,  15  feet  of  water,  enters  the  rivei 
from  the  west,  just  below  the  mouth  of  Irou  Spring  Creek.  It  rises  far 
up  on  the  western  divide.  About  a  half  mile  up  from  the  river,  we  enter 
a  sharp,  narrow  caiion,  along  which  small  hot  springs  still  occur,  and 
arrive,  in  about  a  half  mile  farther,  at  a  fine  fall  and  cascade,  some  80 
or  90  feet  high.  The  chief  interest  of  the  spot  is  in  the  inclined  bedding 
of  the  volcanic  sandstone,  which  dips  strongly  to  the  southwest.  So  far 
as  I  could  judge,  this  was  not  consequent  upon  disturbance  and  up- 
heaval of  the  beds,  but  upon  the  slope  of  the  surface  upon  which 
the  materials  were  originally  deposited.  Upon  the  west  side  of  Sen- 
tinel Branch,  I  found  westerly  dips,  and  upon  the  divide,  toward 
the  Yellowstone,  northeasterly  dips.  Though  the  question  cannot  pos- 
itively be  decided  without  many  more  detailed  observations,  yet  I  am 
strongly  inclined  to  l>elieve  that  we  have  at  these  points  remnants  of  the 
oatward  slopes  of  a  huge  crater,  whose  central  area  was  large  enough 
to  include  most  if  not  all  of  the  heat- vents  of  the  two  geyser-basins. 
Possibly  there  was  a  central  cross-division  between  the  two  basins;  but 
I  noticed  no  decisive  dips  thereabout.  On  the  foot-hills  of  the  east- 
em  ridge,  i>erhap8  a  hundred  and  fifty  yards  southeast  of  Giantess, 
westerly  dips  occur,  which,  according  to  the  above  supposition,  must 
represent  the  internal  slo[>e  of  the  crater. 

Mr.  Stevenson  returned  from  Virginia  City  with  supplies  on  the  last 
day  of  August,  and  we  started  upon  our  return -trip  the  next  day.  Stop- 
ping one  day  in  the  upper  basin,  to  make  our  final  observations  upon  the 
geysers,  whose  like  we  expected  to  see  no  more  for  years,  we  again 
moved  southward  on  September  3. 

Above  Old  Faithful,  which  is  recognized  as  the  last  large  geyser  of 
the  upper  basin,  there  are  only  a  few  hot  springs,  mostly  sm^ll,  includ- 
ing one  small  geyser.  The  valley  soon  narrows  to  a  deep,  impassable 
caiion,  with  perx)endicular  walls  of  trachyte,  with  nearly  vertical  dips 
and  east  and  west  strike.  The  trail  is  here  forced  to  the  top  of  the 
bank,  following  the  east  side  of  the  canon,  and,  in  the  next  half  mile, 
passes  close  by  a  set  of  beautiful  cascades  at  the  head  of  long  rapids. 
The  principal  fall  is  30  feet  high  and  40  feet  wide,  with  a  side  jet  about 
5  feet  wide,  like  a  mill-tail.  The  water  was  about  1  foot  deep  on  the 
crest  of  the  fall.  Fifty  yards  below,  all  this  water  is  forced  through  a 
passage  only  about  5  feet  wide,  and  rushes  with  great  violence  into  a 
deep,  still  pool  below.  From  a  rocky  point  directly  in  front  of  the  fall, 
there  are  tine  views  up  and  down  the  ravine;  and  it  is  well  worthy  or 
a  visit  from  all  who  would  see  the  beauties  as  well  as  the  wonders  of  the 
geyser-basins.  The  main  fall  much  resembles  the  Middle  Fall  at  Trenton, 
New  York.  From  this  point,  the  parties  of  1871  turned  across  the  divide 
toward  Yellowstone  Lake.  The  rapids  above  the  fall  are  moderate,  and 
the  banks  spread  out  into  a  flat  bottom,  much  of  which  is  swampy.  To 
avoid  this  swampy  ground,  the  trail,  which  here  crosses  the  river,  turns 
up  over  the  bounding  range  of  hills  on  the  west.  In  the  hollows,  we  now 
find  many  small  ponds  covered  with  lily-pods ;  but  only  a  few  of  the 
yellow  blossoms  appeared.  A  few  of  these  ponds  have  small  outlets,  and 
small  but  apparently  constant  supplies  of  water,  but  most  of  them  are 
entirely  inclosed  by  hills.  The  surface  is  here  densely  timbered,  but 
mostly  with  young  growth. 

These  hills  soon  approach  the  river  again,  which  has  here  a  very 
narrow  valley.  This,  however,  suddenly  widens  again  into  a  third 
geyser  basin.  The  first  intimation  of  hot  springs,  if  we  follow  up  the 
river-bank,  is  a  strong  column  of  steam  appearing  among  the  timber 
on  the  east  side  of  the  valley,  just  as  we  enter  the  basin.    Mr.  Taggart 
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visited  tbis  vent  and  reported  a  boiling  jhkAj  temperature  lOCP,  over- 
bung  by  rocky  banks,  wbicb  sbowed  no  signs  of  sponting.  As  we 
emerge  from  tbe  timber  on  the  we«t  side,  we  ffnd  the  lower  angle  of  the 
basin  occupied  by  an  area  of  hot  springs,  perhaps  500  feet  long  by  250 
feet  wide,  with  the  usual  floor  of  disintegrating  silieious  siuti^r,  and 
containing  numerous  vents,  mostly  active.  Near  the  center  of  this  area 
stands  the  chimney  of  a  single  geyser.  This  is  a  dome-shaped  mound, 
averaging  15  feet  in  diameter  and  from  11  to  14  feet  high,  completely 
covered  with  most  elegant  varieties  of  the  pearly  beads  before  described. 
It  is  striped  vertically  with  bands  of  white,  dark-green,  brownish  black, 
and  various  shades  of  yellow  and  orange,  the  white  being  ordinary 
geyserite,  while  the  other  colors  are  apparently  of  purely  vegetable 
origin.  On  the  north  side  of  the  dome,  where  the  main  flow  from  the 
eruptions  is  now  generally  scattered,  the  geyserite  has  also  a  beautiful, 
delicate  pink  tinge.  The  summit  of  the  northwest  side,  as  seen  from 
the  northeast,  is  ornamented  with  a  fine  profile  of  a  mild-featured 
human  face  done  in  the  bead-work.  The  top  of  the  mound  is  perforated 
with  numerous  small  three,  four,  and  five-angled  apertures,  and  a  single 
larger  one  between  2  and  3  inches  in  diameter.  In  eruption,  this  larger 
opening  throws  a  stream  from  20  to  50,  and  even  to  70,  feet  in  height, 
mostly  in  drops  with  much  steam.  Though  the  amount  of  water  ejected 
is  small,  yet  the  force  is  very  great;  and,  in  this  respect,  the  eruptions 
much  reminded  us  of  those  of  the  Castle  Geyser.  Its  highest  jete  are 
generally  about  the  middle  of  the  i)eriod  of  eruption.  Eioiptions  take 
place  at  somewhat  irregular  intervals,  but  generally  are  about  two  hours 
apart.  During  such  as  were  carefully  observed,  there  was  first  a  period 
of  violent  activity,  continuing  from  three  to  four  minutes  and  ceasing 
suddenly;  then,  a  quiet  interval  of  from  eleven  to  twenty-four  minutes; 
then,  II  second  active  period  of  from  twenty-three  to  twenty-six  minutes, 
closing  giadually  with  a  rush  of  steam  and  occasional  water-jets.  The 
small  vents  spit  furiously  all  through  the  eruption,  their  jets  reaching 
3  feet  or  more  in  height  when  the  main  jet  was  at  its  culmination. 
About  10  yards  olf,  on  the  platform,  a  small  vent  is  in  sympathy,  but  is 
so  nearly  stopped  up  as  to  be  generally  overlooked.  1  think  it  probable 
that  this  was  w  ider  in  the  younger  days  of  the  geyser,  and  has  become 
stopped  up  eqnally  with  the  latter.  It  is  evident  that  eniption  at  this 
point  mnst  soon  cease,  unless  the  great  force  developed  benejith  shall 
be  able  to  break  away  the  upper  part  of  the  dome.  It  is  more  probable, 
howev<M',  irom  facts  observed  in  the  other  basins,  that  a  new  vent  will 
be  opened  and  a  new  mound  built.  I  could  not  obtain  the  temperature 
of  the  water  of  the  geyser,  sinc^  the  water,  except  just  befoi'c  and 
during  the  eruption,  retired  below^  the  surface-openings;  and  we  had  no 
jScU-registering  thermometers  with  which  to  measure  its  heat  fix)m  a 
safe  <listance.  The  surrounding  springs,  which  are  nearly  all  boiling, 
gave  teiiiperatun^s  varying  from  185^  to  11)2^.  The  general  elevation 
of  the  basin  is  about  7,770  feet,  at  which  the  theoretical  boiling-point  is 
about  r.KS<^.     The  single  geyser  of  the  basin  was  called  the  Solitary. 

This  small  basin  spreads  perhaps  a  half  mile  from  the  stream,  and 
includes,  near  its  northwest  corner,  another  cluster  of  hot  springs,  some 
of  which  reach  lS(;o,  surrounded  by  variously-colored  deposits,  including 
s(mie  sulphur.  The  trail  of  imr  main  train  entered  the  basin  at  this 
j)oint.  The  central  i)art  of  the  bnsin  shows  the  vents  and  deposits  of 
numerous  scattered  springs,  most  of  which  are  nearly  or  quite  extinct, 
only  a  few  of  them  still  boiling. 

A  small  stream,  which  comes  in  from  the  west  near  our  camp,  has  a 
fine  cascade,   loi)  feet  high,  about  a  quarter  mile  Irom  the  river.     Its 
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snpply  apparently  comes  from  tbe  flow  of  the  numerous  small  ponds 
aiioiifi^  the  bills  before  mentioned. 

Showers  for  two  days  had  softened  the  soil  so  much  that  portions  of 
gronnd  immediately  about  the  springs,  which  are  i>erfectly  sale  iii  dry 
weather,  were  now  too  soft  for  passage,  often  letting  one  down  a  foot  or 
Sf>,  and  that,  too,  in  places  where  at  that  dei)th  one  was  likely  to  liud 
sciilding-hot  mud.    Fortunately,  no  serious  accidents  occurred. 

After  a  short  interval  of  timber,  another  small  meadow-like  basin 
opens  to  view,  occupied  by  a  few  small  warm  springs  of  no  importance. 
A;i:ain  the  mountains  close  in ;  so  that  the  stream,  flows  for  nearly  a 
mile  through  a  narrow  rocky  caiiou,  with  sharp  ridges  rising  from  1,000 
to  1,200  feet  high  on  either  side,  down  whose  almost  precipitous  slopes 
beautiful  cascades  rushed  to  the  river.  The  banks  are  mostly  composed 
of  obsidian  sandstone  in  tumbling  masses;  so  that  I  hiid  great  difliculty 
in  leading  my  horse  through  it,  while  the  train  was  obliged  to  climb 
over  the  bounding  ridge  on  the  east.  The  strata  are  mostly  upturned 
at  various  angles  through  the  canon,  but  become  more  nearly  horizontal 
at  it8  upper  end,  where  we  approach  the  level  of  the  last  flat  basin 
aboat  the  head  of  the  river.  Mr.  Bechler  reports  a  largo  amphitheater, 
resembling  a  cniter,  x>^ssed  by  the  train  as  it  reached  the  top  of  the 
rid^e  on  the  east  side  of  the  cailon. 

Tbe  basin  surrounding  the  bead  of  the  river  is  occupied  by  quite  a 
large  meadow,  tolerably  dry  in  the  middle,  where  the  stream  winds 
along,  but  very  swampy  all  around  its  borders,  where  numerous  cold 
springa  escape  from  the  rocky  hills.  The  sites  of  a  few  old  hot  springs, 
long  since  extinct,  are  marked  by  patches  of  the  much-disintegrated 
white  geyserite,  now  mostly  buried  under  the  tall  grasses  and  sedges 
which  cover  the  meadow.  A  small  lake,  covering  perhaps  sixty  acres, 
occupies  the  southern  end  of  the  valley,  where  it  bends  to  the  eastward; 
and,  as  the  ultimate  lake-source  of  the  i\ladison  River,  is  the  only  proper 
possessor  of  the  name  Madison  Lake,  whieh  has  heretofore  been  applied 
i>y  the  hunters  to  a  large  sheet  of  water  upon  the  other  side  of  the 
divide,  under  the  mistaken  idea  that  it  was  the  head  of  this  river.  The 
lake  once  occui)ied  the  entire  extent  of  the  basin,  having  then  covered 
a  curving  area  about  two  miles  long  by  about  a  half  mile  wide,  but  has 
been  mostly  drained  by  the  erosion  of  the  last  canon.  The  terrace- 
bonlers  of  the  old  lake  are  faintly  indicated  at  some  points,  but  not  so 
plainly  that  their  elevation  could  be  definitely  determined.  The  present 
l)onler  of  the  timber,  from  20  to  30  leet  above  the  stream,  in  the  lower 
l)art  of  the  basin,  marks  the  lowest  level  at  which  the  lake  stood  Ibr 
any  considerable  time.  Though  the  basin  receives  only  three  small 
brooks,  supplied  by  the  banks  of  snow  which  constantly  rest  upon 
portions  of  the  divide,  yet  the  main  stream,  where  it  leaves  the  basin, 
carries  a  good  body  of  water,  mostly  sui)plied  by  the  large  springs 
already  mentioned.  Some  of  these  are  large  pools,  from  10  to  20  feet 
i^cross,  with  a  stix)ng  flow  of  water  boiling  up  from  b'-neath,  sometimes 
through  quicksand,  sometimes  through  numerous  large  openings  in  the 
stiftclay  bottom. 

A  storm  of  mingled  snow,  sleet,  and  rain  detained  us  here  for  one  day, 
Septembers;  but  next  morning  it  cleared,  the  snow  rapidly  melted, 
and  we  went  on.  Our  hunter,  Frank  Mounts,  had  reported  a  valley 
about  two  miles  south  of  us,  through  which  a  stream  flowed  westward. 
Accordingly,  while  the  train  moved  about  three  miles  nearly  due  east, 
to  a  new  camp  on  Shoshone  Lake,  Mr.  Bechler  and  1  crossed  the  south- 
em  divide  to  the  head  of  the  newly-reported  river.  We  found  it  to  be  a 
large  stream,  formed,  within  a  short  distance,  from  the  abundant  flow  of 
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niimeroiis  large  springs  bursting  from  low  down  in  the  sides  of  a  high 
plateau  of  very  porous  volcanic  sandstones,  which  we  afterwanl  found  to 
extend  for  several  miles  to  the  southward.  This  was  evidently  the  head 
of  one  branch  of  the  stream  crossed  and  cami)ed  on  by  us  on  the  even- 
ing of  August  3,  as  we  wei'e  ascending  the  valley  of  Henry's  Fork.  In 
the  absence  of  any  prior  designation,  I  have  called  this  Bechler's  Biver. 
Its  upper  course  is  among  deep  r.ivines,  with  sharp  slopes,  but  well 
timbered,  for  some  sis  or  eight  miles.  It  then  passes  through  a  rather 
narrow  canon,  with  bare,  precipitous  walls,  whose  extent  was  not  de- 
termined, and  emerges  into  a  broad,  grassy  basin,  which  reaches  nearly 
to  our  lower  crossing-place. 

The  snow  lying  among  the  timber  gave  us  an  opportunity  of  obserring 
the  game-trails ;  and  we  were  surprised  at  seeing  so  few.  A  few  miles 
farther  east,  game  is  very  abundant. 

In  crossing  the  divide  eastward  from  Madison  Lake,  the  western 
slopes  are  (piite  steep,  and  x>orphyritic  obsidian  sandstone  appears  in 
heavy  rounded  masses,  but  slightly  disintegrated.  On  the  eastern  face 
the  slopes  are  much  more  easy,  and  the  rock  is  much  disintegrated  into 
a  very  loose,  spongy  soil,  which,  where  the  timber  has  been  burned 
from  the  upper  spurs,  makes  ver^^  slumpy  traveling,  at  least  in  wet 
weather. 

Descending  the  valley  of  a  small  but  rapid  stream,  the  principal 
afHueut  of  this  part  of  the  lake,  the  trail  crosses  a  considerable  area  of 
hot  springs  and  geysers,  to  a  good  camping  ground  on  the  edge  of  the 
marsh,  which  here  prevents  easy  access  to  the  immediate  shore  of 
Shoshone  Lake.* 

If  wo  had  not  been  fresh  from  the  wonders  of  the  Great  Geyser- 
Basins  of  the  Fire-iiole  Fork,  we  should  have  considered  the  phenomena 
now  about  us  as  extremely  grand  and  beautiful.  In  l>eauty,  indeed, 
these  spriiigs  are  probably  unsurpiissed ;  but  the  geyser-eruptions  ex- 
hibit much  less  force  than  those  we  had  just  left.  Still,  I  consider  it 
desirable  to  make  the  recorded  descriptions  of  all  these  phenomena 
pi'etty  full,  and  will  therefore  give  a  general  description  of  the  veilts  of 
tlu^  Shoshone  Lake  Geyser-Basin.    The  area  occupied  by  active  springs 


*  TliiH  lake  was  H«on  by  Dr.  Haydeii  iu  1871,  whilo  be  was  returning,  with  a  small 
party,  from  tbe  Firo-Hob)  BaHins  to  YeUowstone  Lako.  but  atii  point  some  iiiileB  east 
ut'tbis  camp.  His  ^nidoi)  informed  bim  that  the  name  Madisim  Lake  bad  been  applied 
to  it  by  tbe  bunteru,  and  tbat  it  was  eonsidered  tbe  liesul  of  a  fork  of  tbe  MadiHon  River. 
On  tbe  stHMi^tb  of  tbiH  information,  in  tbe  absence  of  an  oiiportnnity  of  exploringit  suf* 
ficlcntly  to  verify  or  diK])rove  tbe  statementn,  tbe  maps  of  lust  year's  report  give  the 
name  ]M  Madison  Lake  and  sbow  a  strtMim  wbicli  was  siippos<Ml  to  connect  it  with  the 
Madison  River.  Its  connection  provin<j:  not  to  be  with  tbe  Madison  and  Missoari,  but 
with  tbe  Snake  and  tbe  Columbia,  it  became  at  once  a  (]ueHtiou  whether  the  old  name 
sbonld  any  lonj;er  be  used  for  this  body  of  water  or  sliould  be  transferred  to  the  tnie 
lake-source  of  the  Madison.  This  latter  course  was  nnanimonsly  decided  on.  The 
latest  published  niaj)  of  this  rejjicm,  fi>r  many  localities  the  best,  and  supposably  the 
best  for  this  particular  nei«xbln>rbtMMl,  since  tlie  author  claims  to  have  traveb^l  here,  is 
run*  re(;eutly  compibMl  by  \V.  W.  DeLacey,  of  Ilt^Iena,  and  ]»ublished  by  (>.  W.  &.  C  B. 
Ci)lton,  of  New  York,  (edition  of  IST'J.)  This  shows  a  so-called  Mailison  Lake,  a  so- 
called  DeLaeey's  Lakt>,  located  some  miles  west  of  tb«>  ln'ad  of  tbe  Madison  and  alMmt 
iifreen  miles  Ion;:;,  and  still  a  third,  called  Lake  Ib^ssie,  all  three  of  wbiib  we  were  ulti- 
mately oblijjjed  to  idi'Mtify  with  the  body  of  water  m>w  before  us.  It  has,  therefore, 
been  considered  whether  wt;  slu)uld  adopt  (hither  of  the  two  latter  names.  Tbe  last, 
Lake  Hessie,  was  at  onee  ri?j(.'cted,  as  baviii;r  been  oiij;inally  proposed  for  the  lake  li>n|; 
known  to  tbe  hunters  of  tlui  rejrion  as  Heart  Lake,  for  chan^in*^  whose  name  tliere 
wjis  and  is  no  valid  n?ason.  The  numerous  and  ontraijeous  errors  of  thrm:ipsliow 
that  n(*iTln*r  as  discoverer  nor  as  mapper  of  this  lake  has  Mr.  DeLacey  aiiy  claim  to  A 
per])(  ruation  of  bis  name ;  and,  since  tin;  lake  oeeu]»ies  a  position  eiilirely  difiereufi 
from  That,  assigned  to  Drl.atey's  Lake,  we  have  (leci<U^l  to  drop  tbat  liile,  and  to  call 
this,  ill  our  maps  and  reijorts.  Shiishone  Lak<',  as  bi.-in;;  the  head  of  one  of  the  i>rinci- 
pal  forks  of  tbe  Shoshone  ov  »Suak(?  Kivt.»r. 
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extends  np  tbe  stream  on  both  sides  about  a  half  mile.  In  the  upper 
edge  of  the  narrow  belt  of  timber  which  separates  the  spring-area  from 
the  lake-shore,  is  a  small  mud-pot,  whose  borders  were  ornamented 
with  exquisite  cock'scomb-like  deposits  of  a  bluish-gray  geyserite,  con- 
taining sufficient  clay  to  give  their  pointed  tips  far  more  toughness 
than  their  form  would  lead  one  to  expect.  These  forms  have  not  been 
seen  at  any  other  point. 

About  fifty  yards  west  from  this  point  stands  the  most  important 
geyser  of  the  basin.  It  has  now  three  vents,  standing  closely  in  a  row, 
each  of  which  has  built  up  a  small  mound,  beautifully  beaded  without 
and  pointed  within.  The  eastern  vent  has  an  irregularly-oblong  open- 
ing, about  2  feet  long  and  from  8  to  12  inches  wide;  its  mound  is 
alK^ut  a  foot  high,  and  stands  upon  a  base  of  about  3  feet  by  4.  The 
central  mound  is  about  5  feet  in  diameter  at  the  base,  and  about  3  feet 
high,  with  a  deep  central,  triangular  opening,  measuring  about  30  inches 
on  a  side.  The  western  one  is  about  1  foot  high,  on  a  base  of  about 
20  by  30  inches,  with  two  small  oi)enings  about  2  or  3  inches  in  diame- 
ter. These  stand  in  the  mouth  of  an  old  geyser,  once  probably  of  great 
power,  though  now  nearly  inactive,  of  which  there  remains  a  deep  i>ool 
about  8  feet  wide  by  12  feet  long,  in  which  the  surface  of  the  water 
during  our  stay  at  this  camp  was  about  3  feet  below  the  top ;  but  it 
evidently  overflows  at  times,  and  it  is  possible  that  it  still  spouts 
occasionally.  It  showed  no  sympathy  with  the  present  vents  during 
.their  eruptions.  The  section  of  the  layers  constituting  the  old  mound 
is  well  shown  in  the  walls  of  this  pit  During  eruptions,  the  west  vent 
spouts  a  little  water,  2  or  3  feet  high,  for  from  1  to  2  minutes,  and  then 
yields  a  moderate  flow  of  steam.  Meanwhile^  the  center  vent  is  throw- 
ing a  very  powerful  jet  from  70  to  90  feet  into  the  air,  which,  after  about 
5  minutes,  gradually  gives  place  to  steam,  the  mingled  steam  and  water 
giving  the  highest  jets.  The  east  vent,  spouting  from  10  to  50  feet, 
throws  a  solid  body  of  water  for  about  10  minutes,  when  the  whole 
supply  of  water  seems  to  be  exhausted,  and  the  rush  of  steam  from  all 
the  vents  becomes  more  violent  and  continues  some  40  to  50  minutes 
longer,  gradually  declining,  however,  though  with  many  spasmodic 
renewals.  A  small  flat  opening  in  the  space  between  the  central  and 
western  vents  give«  exit  to  a  little  water  Avhile  the  geyser  is  preparing 
for  eruption,  but  takes  no  part  in  the  eruption  itself.  We  cjiUed  this 
Union  Geyser,  because  of  its  combination  of  the  various  forms  \)fgey- 
seric  action.  Its  temperature,  immediately  before  eruption,  was  198o. 
Its  i)eriods  of  eruption  are  irregular,  and  no  law  of  irregularity  was 
ascertained.  An  eniption  was  heard  by  the  men  on  guard  on  the  night 
after  our  arrival,  but  the  time  was  not  noted.  The  first  recorded  one 
began  at  10.28  a.  m.,  and  continued,  steam  and  all,  47  minutes.  Its 
highest  jet  reached  the  elevation  of  92  feet.  The  next  began  at  1.55 
p.  m.  on  the  same  day,  reached  70  feet  in  height,  and  lasted  50  minutes. 
Still  another  was  heard  at  10.25  p.  m.,  but  no  further  time  observations 
were  recorded. 

About  this  spot,  there  are  several  quiet  and  boiling  springs ;  but 
none  of  the  latter  spout  more  than  from  1  to  3  feet.  Passing  up  this 
side  of  the  stream,  however,  for  about  a  hundred  yards,  we  find,  just 
above  the  point  of  the  hill  upon  our  right,  the  first  of  a  group  of  larger 
vent.<^  of  which  several  seemed  to  us  to  deserve  names.  This,  which 
was  called  the  Minute  Man,  has  built  up  a  mound  about  4  feet  high  and 
from  12  to  15  feet  across,  beautifully  ornamented  with  bead-work  and 
with  the  sharp  points  which  usually  accompiiny  the  more  iivquent  and 
abundant  flows  of  water.    Tiiis  ornamental  work  spreads  far  beyond 
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the  moand,  coverfaig  hh  am  at  least  40  feiec  aeran,  Jort  behiBd  tbe 
njonnd,  and  at  its  imikiediate  basfe,  there  is  a  large  ornamented  openiag, 
irhich  partly  fills  before  eraptioDs,  hot  is  emptied  1^  diem.  MogIi  of 
the  ejected  water  ftUs  in  soch  a- way  as  to  flow  baek  to  this  reservobt 
8o  as  to  keep  ap  the  supply  neeessary  to  the  eroptions.  These  oeenr 
pretty  regulariy  tor  some  hoars,  at  intervals  of  ftom  2  to  S  mlnaCes,  bat 
gradaally  decline  in  force,  until  tlie  supply  of  water  becomes  exhausted. 
Then  the  geyser  ie  silent  Ibr  several  hoots,  until  all  the  crevices,  as  well 
88  the  sarfs/^pools,  are  again  filled  with  water,  when  its  eruptious 
recommence  with 'much  violence,  the  jets  tiien  reaching  altitudes  of 
to}m  30  to  40  feet.  These  again  decline,  and  the  series  of  phenomena 
is  repeated.  As  water  gets  low,  the  ba<&  pool  sometimes  receives  some 
of  the  steam-pressure  and  spouts  from  5  to  8  feet  At  one  point 
on  the  top  of  the  mound«  there  are  some  small  sulphur- vents,  whieh 
seem  to  bie  entirely  disconnected  with  the  water-pipes,  but  maintain 
commanicatious  of  their  own  with  the  volcanic  laboratory  beneaith. 

About  50  feet  farther  on.  Shield  Geyser  has  an  ornamented  mound 
about  15  inches  high,  which  incloses  a  shield-shaped  opening,  measur- 
ing about  8  feet  on  each  of  two  sides  and  7  feet  on  the  third,  at  tiie  top, 
bat  narrowing  to  4  feet  on  each  of  the  two  sides  and  3  feet  on  the  third, 
a  little  lower,  at  what  was  water-level  when  I  measured  it.  This  spouts 
moderately  at  intervals  of  a  few  hours,  but  no  special  notes  of  its  erup- 
tions were  taken.  By  its  side  its  partner  has  an  irregular  opening 
aboat  8  feet  long  and  varying  firom  10  inches  to  3  feet  in  width.  These 
vents  exhibited  no  sympathy  with  Minute  Man.  Their  temperatam  is 
1900. 

Between  Shield  (Peyser  and  the  foot  of  the  hill.  Bosette  Spring  has  a 
triangnlar  basin  with  sides  of  about  15,  20,  and  25  feet,  in  whose  shal- 
low waters  form  many  most  perfect  specimens  of  the  beantiftil  tiiin- 
leuved  rosettes  already  described  as  occurring  in  the  Fire-Htde  Basin. 
The  muddy  bottom  of  this  spring  contains  much  sulphur. 

A  little  rocky  knoll  intervenes  between  this  and  the  Bulging  Spring, 
which  every  few  moments  gives  vent  to  large  babbles  of  steam,  which 
raise  a  considerable  part  of  its  surface  from  1  foot  to  3  feet-,  witA  a 
bulging  soand  like  that  of  liquid  escaping  finom  the  bung  of  an  over- 
turned barrel. 

Forty  feet  beyond,  the  Soap-Kettle  keeps  up  aitirious  boiling  of  col- 
ored \^ter,  more  or  less  covered  with  foam,  looking  like  dirty  soap-suds. 
Its  basin  is  lined  with  a  yellowish-brown  deposit  This  has  probably 
been  a  strong  sponter,  but  now  erupts  only  at  long  intervals,  if  at  all. 
Its  mound  is  about  8  teet  across,  and  is  still  1  foot  high,  though  dhrfn- 
tegniting. 

Forty  yards  farther,  the  Black  Snlphnr  Geyser  has  three  vents,  in 
sraali  dark-colored  moands,  which  almost  constantly  spit,  bat  do  not 
8[)out  much.  An  abundant  black  sulphorous  deposit  is  formed  along 
tlie  run  from  these  vents. 

The  Twins  are  two  small  symmetrical  vents,  from  4  to  G  inches  across, 
in  a  small  mound  which  stands  back  against  the  foot  of  the  hill.  They 
spout  rarely  and  to  but  small  elevations. 

Several  boiling  springs  occar  at  short  intervals  along  the  bottom. 
Al)oat  seventy  yards  farther  on,  a  flat  nioand  includes  two  large  flat 
oi>enings  which  spout  to  the  height  of  from  20  to  30  feet  at  short  inter- 
vals ;  temperature,  192^.  Above  this  point,  the  springs  are  of  little 
importance,  thoagh  a  few  vents  and  old  deposits  occur  at  intervals  for 
a  mile  or  two  up  the  valley.    One,  near  those  last  described,  is  a  nar- 
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row  fissare,  along  which  for  6  or  8  feet  the  water  boils  coustautly.  Near 
this  is  a  small  geyser-niouud'Strongly  colored  with  iron. 

Ou  the  opposite  side  of  the  creek  is  a  broad  terrace  of  the  silieeona 
spriDg-deposit^,  upon  which  stand  several  small  mounds  very  prettily 
ornamented,  from  1  foot  to  2  feet  high,  whose  pools  boil  considenibly,  and 
evidently  spout  occasionally,  though  no  one  of  them  was  seen  in  enii)tion. 
One  of  these,  near  the  creek  and  nearly  oppovsite  to  Minute  Man,  is 
shaped  like  a  conch-shell  and  strongly  colore<l  with  iron,  and  was  called 
IroU'Conch  Geyser. 

Nearer  the  base  of  the  hills,  there  are  severnl  large  hot  pools.  One  of 
them  was  so  well  furnished  with  coralliform  masses,  standing  in  the 
shallow  water  near  its  edge,  as  to  be  called  the  Coral  Pool.  This  meas- 
ured about  40  feet  by  50,  with  a  shallow  border,  and  a  deep  central  pit 
about  10  feet  across,  from  which  numerous  bubbles  of  gas  were  escap- 
ing. There  is  a  strong  flow  of  water  of  the  temperature  of  1(>(P.  A 
little  to  the  west  of  this,  a  valley  runs  well  up  into  the  hills  and  contains 
several  large  boiling  pools,  but  no  geysers.  One  boils  with  great  vio- 
lence,  with  a  very  large  escape  of  steam.  The  pools  and  old  deserted 
basins  extend  up  the  slopes  of  the  hills  to  elevations  of  i'rom  100  to  150 
feet  above  the  creek. 

As  a  whole,  these  springs  and  geysers  show  far  greater  amounts  of 
sulphur,  and  especially  of  iron,  in  tbeir  de|»osits  than  any  of  tbose  on  the 
Madison.  The  geysers  also  show  much  greater  irregularities  of  erup- 
tions. The  group  seems  to  me,  as  a  whole,  younger  than  those  in  the 
Fire-Hole  Basins.  The  little  geysers  on  the  west  side  of  the  creek  are 
plainly  young,  and  are  just  beginning  mounds  which  promise  to  attain 
considerable  size. 

On  the  east  side  of  the  creek,  between  it  and  the  lakes,  we  find  a  clus- 
ter of  ragged  hills,  separated  by  crateriform  hollows  and  valleys,  which 
are  occupie<l  more  or  less  completely  by  mud-springs  and  sulphur- vents. 
Upon  breaking  up  the  surface-crust  about  these  latter,  we  find  all  its 
hollows  lined  with  sulphur,  either  in  distinct  crystals  or  in  moss-like 
aggregations  of  imperfect  ones.  Upon  first  observing  the  shape  and 
contents  of  these  hollows,  one  would  naturally  suppose  them  to  be  old 
volcanic  craters,  whose  connections  with  the  interior  fires  were  becom- 
ing nearly  stopped  up ;  but,  upon  more  careful  examination,  it  bi^comes 
evident  that  they  have  been  hollowed  out  of  the  surrounding  sandstone 
by  the  action  of  the  hot  springs  themselves,  which  have  disintegrated 
and  removed  portions  of  the  sandstone  and  conglomerate  of  the  old 
lake-terrace.  Worn  bits  of  rocks,  penetrated  by  numerous  small  irreg- 
ular holes,  are  abundant  on  all  the  lower  parts  of  the  slopes,  as  well  as 
about  the  existing  vents,  showing  that  the  process  is  still  going  on. 
These  springs  are  evidently  much  affected  by  variations  in  the  supi)ly 
of  water.  Many  which  were  entirely  dry  gave  abundant  evidence  thjt 
tbey  sometimes  give  forth  considerable  streams.  The  effects  of  these 
variable  supplies  upon  the  activity  of  the  different  springs  and  geysers 
are  probably  very  different  in  different  cases.  Since  a  full  basin  seems 
to  be  essential  to  an  eruption,  a  greater  supply  of  water  to  fill  the  place 
of  that  ejected  would,  in  many  ciises,  cause  more  frequent  and  powerful 
eruptions.  On  the  other  hand,  it  is  probable  that  too  large  a  supply, 
causing  a  oontiouous  stream  to  pa^  through  and  escape  from  the  basin 
of  a  geyser,  would  cool  down  its  contents  below  the  temperature  essen- 
tial to  an  emptioD. 

The  springs  extend  eastward  along  the  shore  of  the  lake  for  several 
miles  near  itd  present  level,  and  some  were  seen  boiling  up  from  its 
bottom,  several  yards  from  shore.    Many  occur  also  in  the  marsh  about 
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the  moath  of  tfae  creek,  which  is  constantly  extending  itself  into  the 
lake.  Some  large  lagoons  are  here  indosed  by  narrow  aand-bars,  some 
of  whidi  are  scantily  covered  with  pines;  On  this  marshy  a  little  back 
from  its  present  border  and  a  foot  or  so  above  its  level,  ui  cdd  shore- 
line is  fiuntly  marked.  The  only  plainly-marked  terrace  is  abont  112 
feet  above  the  lake.  It  consists  of  thick  beds  of  sand  and  gravel,  which 
form  the  hills  just  described.  The  gravd  has  ibrmed  a  Imse  conglom- 
erate, bnt  the  sand  has  been  compacted  into  a  pretty  solid  qoartzite  bv 
the  siliceous  deposits  of  the  springs  whUdi  fliled  it  when  it  was  beneath 
the  lake-waters.  This  consolidation,  so  diametrically  opposed  to  the 
disintegration  jost  now  described,  was  probably  conseqaent  npcm  the 
pressure  of  the  overlying  lake,  which  caused  a  very  slow  percolation  id 
the  spring- waters  through  the  sand,  except  at  the  points  of  more  active 
ebullition. 

The  present  level  of  the  lake  is  about  7,792  feet,  at  which  the  theo- 
retical boiling-point  of  water  is  about  lO&l^.  Springs  were  observed  in 
active  ebullition  at  various  temperatures,  from  198^  to  182^,  and  one 
even  at  1G(P ;  in  this  latter  case  the  ebullition  was  probably  due  to  an 
escape  of  gas,  though  that  was  nut  apparent.  Quiet  springs  were  of  all 
temperatures,  up  to  186^.    Certain  sulphur-vents  gave  190^. 

For  some  six  or  eight  miles  north,  along  the  divide,  the  ridges  consist 
mainly  of  obsidian-sandstone,  inclosing  heavy  bands  of  reddish-brown 
and  variegated  obsidian,  having  a  nearly  east  and  west  strike.  Most  of 
the  subordinate  ridges  had  about  tlie  same  course.  All  of  this  district 
is  heavily  timbered,  with  few  openings^  so  that  it  became  necessary  to 
climb  trees  when  we  wished  to  get  any  idea  of  the  surrounding  countij) 
even  upon  the  highest  crests. 

On  September  9th  we  moved  to  the  outlet.  The  lake  is  of  a  very  irreg- 
ular form,  something  like  that  of  a  well-filled  purse,  contracted  in  tSb 
middle  to  quite  a  narrow  passa^  Besides  the  Gtoyser  Greek,  it  receives 
only  one  stream  of  any  size,  which  enters  at  the  southern  end  of  its  more 
eastern  pocket,  coming  from  the  high  plateau  on  the  south,  before 
mentioned.  Tiie  northern  and  eastern  shores  and  the  central  part  of 
the  southern  ones  are  mostly  precipitous,  with  deep  water  near  them, 
but  along  the  western  and  parts  of  the  southern  shores  one  can  ride 
most  of  the  way  in  the  edge  of  the  water,  thus  avoiding  the  swampy 
ground  and  fallen  timber  of  the  steep  hill-sides.  The  center  of  the  lake 
was  apparently  deep,  though,  as  we  did  not  put  the  boat  together  here, 
we  were  not  able  to  take  any  soundings.  The  water  was  clear,  and  the 
shore  sand  and  gravel  quite  clean,  even  from  diatomaceous  growth,  ex- 
cept at  the  mouths  of  the  streams.  At  the  entrance  of  the  southeastern 
tributary^  a  considerable  marsh  has  formed,  on  the  eastern  side  of  which 
small  spring-deposits  were  noticed;  but  no  springs  were  seen  hereexc^ 
cold  ones. 

Near  the  outlet,  the  rocks  are  mainly  mottled  black  and  red  spher- 
ulitic  obHidiau-porphyry. 

At  6.33  p.  m.,  (9th,)  just  as  we  were  camping,  we  felt  three  slight 
earthquake  shocks. 

On  the  10th  we  moved  about  five  miles,  to  a  camp  at  the  north  end  of 
Lew  is's  Lake.  In  leaving  Shoshone  Lake,  the  river  has  at  first  wide  bot- 
toms, but  the  valley  soon  becomes  quite  narrow,  with  steep  banks. 
About  one  and  a  half  miles  below  the  lake,  the  stream  widens  to  l)etween 
(iOO  and  700  feet,  and  becomes  very  shallow,  with  muddy  bottom.  Then 
it  narrows  suddenly,  and  rushes  throuf^h  a  rocky  gateway,  perhaps  75 
I'oet  acroHS,  formed  by  the  projection  into  the  stream  of  a  mass  consist- 
ing of  two  layers  of  obsidian- sandstone,  with  a  rapidly  disintegrating 
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oentnd  layer  of  pink  porphyry.  There  waa  evidently  a  flue  fall  here  at 
one  time,  and  the  valley  which  coinee  to  the  river  oo  the  north  bank, 
jn8t  below  the  gate,  was  then  a  second  channel  of  the  stream.  Below, 
the  stream  continaes  deep,  with  ateep  banks,  gradnally  wideaing  until 
it  reaches  Lewis's  Lake.* 

This  is  a  mncb  more  regular  and  symmetrical  body  of  water  than 
Shoshone  Lake.  It  is  about  two  and  a  half  miles  lonp  and  from  one  to 
one  and  a  half  miles  wide,  tapering  southward,  and  is  sarronuded  by 
mostly  gently-sloping  shores.  These  are  steepest  on  tlie  west  side,  wherB 
a  few  blufl«  run  out  into  deep  water.  Our  canvnss-boat  being  put 
together,  Mr.  Adams  took  a  seric8  of  soundings,  with  the  results  iudicate<l 


Fig.  4«- 


npon  the  accompany- 
ing aketch,  (Fig.  48,)  in 
which  the  depths  are 
given  in  fathoms.  The 
deepest  part  found  is 
seen  to  be  108  feet, 
somewhat  soatb  of  the 
centerof  the  lake.  The 
deepest  sounding  yet 
obtained  in  Yellow- 
Btone  Lake,  300  feet, 
was  made  also  by  Mr. 
Adams  in  1871. 

From  oar  camp  at 
the  north  end  of  the 
lake,  the  valley  of  its 
oatlet  at  the  south  end 
lay  directly  in  a  line 
toward  the  T^tous ; 
and,  early  in  the  morn- 
ing, before  thelake  was 
stirred  by  the  wind, 
those  snow-patched 
peaks,  though  forty 
miles  away,  were  moist 
peri'ectly  reflected  by 
it«  mirror-like  surface. 
In  ita  setting  of  the 
deep-green  foliage  of 
tbe  pine  and  spruce 
forests  which  cover  the 
surronnding  slopes, 
this  seems  to  ns  one  ot 
the  most  beautiful  o 
the  many  fine  views 
seen    npon    oar    tri[». 

'This  lake  was  wen  rrom  a  (liHtauco,  in  IHTl  by  Mr  Scbonbom,  and  wdb  located, 
front  his  uoteo,  by  Ur.  HerKeflbeimer,  but  its  connections  were  not  known.  It  was  also 
•uenoD  two  ot-ouiona,  andouce  visited,  in  the  same  year,  by  Captain  Itarlowj  but  ils 
conoectiotu  were  wTODgly  detsrTDiDed,  and  the  lake  Itself  is  rciiteticii  ted  uu  bis  iDai>  by 
two  bodies  of  water,  some  miles  apart,  and  of  very  differeDt  outlines.  As  it  bnd  uo 
name,  so  far  as  we  conld  oBcertaiD,  wo  decided  to  call  it  lyuwis's  Luke,  in  memory  of 
tbat  irallant  ex|ilorer.  Captain  MerriwelUer  Lewis.  The  soutli  fork  of  tlie  Columbia, 
wbicb  WHS  to  luviB  perx>elaa[e<l  his  name,  hna  reverted  tu  its  Iiidiuu  title,  SbotiboDH, 
and  i»  caaiiuonly  known  by  that  name,  or  by  its  tmiiHtution,  Snake  Kiver.  Ah  tbis  luko 
li«a  near  tbe  bead  of  oue  of  tbe  principal  forks  uf  tbat  stream,  it  may  not  iuapprui>rl- 
■iely  be  oalled  Lewis'a  Lake. 
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The  accompanying  panoramic  view,  (Fig.  49,)  taken  ftom  Mr.  Bechler^s 
field-notes,  will  give  a  general  idea  of  the  relative  poritiou8<rf  the  T^tons, 
the  lake,  and  the  dopes  of  the  Bed  Mountain  group,  of  which  Mount 
Sheridan  is  the  culminating  point. 

On  the  west  shore  of  the  lake,  near  its  northern  enidy  numerous  hot 
springs  occur,  over  a  considerable  area,  a  few  being  seen  iar  up  o&  the 
western  ridge.  Those  near  the  lake  were  examined  by  Mr.  Taggart, 
who  reports  as  follows : 

The  hot  sprioffs  found  on  the  ivjesfc  hank  of  Lewis's  Lake  oecor  meetly  in  two  tfoape, 
separated  by  a  low  ridge.  In  the  first  gronp  examined,  ell  «f  the  spiings  iseuM  from 
the  sides  of  a  marsb,  and  were  mostly  covered  either  with  nuweee  of  leafy  veMatlon 
or  with  the  soft,  thick,  pnlpy  masses  of  fnngoid  growth  eo  common  abont  the  hot 
springs  of  the  Fire-Ho^  baains.  Some  of  the  springe  were  oonatondy  bnbblin|;  with 
au  escaping  gas,  whoee  character  was  not  ascertained.  The  temperatures  of  aU  the 
springs  are  low.  A  few  of  them  are  as  foUows :  112^,  li22o«  134^  l^tdP,  1S9>,  130»,  13B^, 
140^,  148^.  As  an  interesting  iact,  I  noted  that  all  the  springs  whose  tempemtores 
reached  or  exceeded  120^  had  the  growth  of  ibngoid  pnip  or  %  deposit  offfiigr  gey- 
seritc,  while  those  cooler  than  120^'  were  covered  with  feafty  vegetation.  Thia  elumr 
of  springs  is  evidently  the  last  remnant  of  a  mnch  more  active  sronp,  eince,  all  along 
the  shore  of  the  lake  at  thia  point,  there  are  large  deposlta  of  old  geyaerite.  At  some 
points,  this  extends  far  out  into  the  lake. 

The  second  group  of  springs  differs  ftom  the  one  Jnst  described,  in  that  Its  veata  we 
larger  and  the  water  hotter.  The  springs  are  snrronnded  bv  solid  gronnd;  and.  in 
their  general  features,  resemble  the  hot  springs  of  the  Firs-Hole  basine,  so  thai^  toey 
need  no  general  description.  The  following  are  the  tcmperatnrea  and  aixes  of  frfev  in 
the  principal  ones :  hl^SP,  2  feet  in  diameter;  %  W6P,  10  feet  l^  6;  3|  176^,  el^tloal, 
about  40  feet  by  20. 

Both  Mr.  Stevenson  and  Mr.  Taggart  brought  specimens  of  the  gey- 
serite,  inclnding  many  vegetable  fragments,  appazently  some  .4tf  the 
coarse  sedges  common  along  the  lake-shore. 


CHAPTER    IV. 

* 

MOUNT  SHERIDAN— HEADS  OF  SNAKE  EIVER— PALLS 
IIIVER  PASS— JACKSON  LAKE— GLACIER  LAKES— OBAJSD 
CASON  OF  SNAKE  RIVER— FORT  HALL. 

Leaving  the  main  train  to  find  its  way  southward  to  the  stream  which 
flows  from  Heart  Lake,  a  small  party  of  ns  started,  on  the  morning  of 
the  11th,  for  Mount  Sheridan  and  the  country  beyond.  At  the  north  end 
of  the  lake,  there  is  a  considerable  marsh  and  a  lagoon,  which,  when 
full,  throws  good  streams  into  the  lake ;  but  its  ontlets  were  now  dioked 
up  with  beach-sand.  Its  water  comes  from  the  drainage  of  the  broad, 
flat  area,  partly  in  meadow,  partly  in  timber,  which  stretdies  aeross  to 
Yellowstone  Lake.  Our  course,  holding  to  the  left  of  the  main  peak, 
led  us  over  moderate  slopes,  lor  some  miles,  until,  passing  one  or  two 
small  pouds,  with  no  outlets,  we  struck  the  foot  of  the  spur  which,  mn- 
ning  out  from  the  second  crest  of  the  Red  Mountain  range,  counting 
from  the  north  end,  forms  the  divide  between  Lewis's  and  Yellowstoue 
Lakes.   Upou  that  divide  lies  the  small  lake,  without  outlet,  called  Lake 

Riddle,*  visited  by  Dr.  Hayden's  party  on  their  retnm  fipom  the  Fire- 

..__^ —  '  I     ■  '  ■  *    ■■»  ■  ■>  ■        — 

*  "  Luke  Riddle"  is  a  fhgitive  name,  which  has  been  located  at  several  places,  but 
nowhere  pennanently.  It  is  supposed  to  have  been  used  ortjpnally  to  designate  tbe 
mythical  lake,  among  the  monntatns,  whence,  according  to  the  hnnters,  water  flowed 
to  both  oceans.  I  have  agreed  to  Mr.  Hering's  proposal  to  attach  the  name  to  this 
lake,  which  in  directly  npou  the  divide  at  a  point  where  the  waters  of  the  two  oceans 
start  8o  nearly  together,  and  thus  to  solve  the  iusolvable  **  riddle"  of  the  **  two-ocean 
water." 


OEOLOOICAL  SURVEY  OF  THE  TEBBIT0BIE8.  251 


252  GEOLOGICAL  SURVEY   OF  THE  TEBSJUdBBM^  ' 

Hole  baelns  in  1871.  Hr.  Heriog  Tieited  this  Wke,  nod  fonnd  it  to  tte 
7,999feet  above  the  sea,  while  Lewis's  Lake  is  7,7^  feet  aud  TcUowstutie 
Lake  is  7,788  feet.  A  high  terrace  ie  faiutly  iiidicati'd  on  the  eu«t  side 
of  Lewis's  Lake,  but  its  level  was  not  determined.  Tliis  region  blmuld 
be  more  earefolly  examined,  with  a  view  to  ascertain  whether  tb^e  is 
not  same  coutinnous  terrace  bigher  than  the  dividejust  described,  which 
Bball  prove  that  the  whole  of  this  broad  comparativelj'  flat  area  was,  as 
its  general  form  suggests,  covered  by  a  large  bike,  which  was  really 
tributary  to  both  oceans.  The  lowest  point  of  the  actual  divide  was 
determined  to  be  25  feet  above  Lake  Riddle,  or  8,02-1  feet  above  the  sea. 

.In  ascending  the  moDutain,  we  fonnd  the  easiest  slopes  very  steep, SA    . 
OH  to  mahe  much  zigzagging  necessary  in  getting  our  animals  to  tlld 
samniit.    As  we  occasionally  looked  back,  we  saw  beneath  ne,  on  OOV     ' 
lefL  the  large  cluster  of  hot  spring  which  occupies  the  bead  of  the 
vallef  of  the  longest  tribntary  of  Heart  Lake,  and,  beyond,  caaght 

Slimpses  of  Yellowstone  Lake.  Upon  reaching  tbe  first  crest,  botli 
ikes  lay  spread  out  before  us,  while,  to  the  westward,  Lewis's  Lake  and 
Bhoshonc  Lake  were  also  in  full  view.  Between  ns  and  Heart  Lake  lay  , 
a  great  hollow  of  tbe  monntalD,  looking  much  like  abroken-down  crater, 
and  very  probably  it  may  once  have  been  one.  The  highcstiieak  was  stilt  I 
beyoml  ns,  and  we  made  bnt  little  delay,  except  to  sboot  groase  for  sop-  J 
per,  ill  riding  to  its  crest.  This  range  was  called  Red  Moantain  by  Dr.,  ' 
.  Hayden's  party  of  tbe  prcvioos  year;  bat  its  highest  peak  lacked.A  ' 
natne^  until  Captain  Barlow  visited  its  summit  and  dabbed  it  Mooufc  , 
Sheridau.'  It  is  one  of  tbe  most  sightly  points  in  tbe  whole  regiobj 
Surrounded  by  deep  valleys  on  all  sides,  and  itaelf  standing  10,430  fec^  | 
above  the  sea,  it  gives  one  a  range  of  vieion  over  an  immense  area,  i' 
Sweeping  round  the  horizon,!  counted  four  hundred  and  seventy-fiw  dis- 
tinetmountain-sumniits,  at  distances  varying  from  thirty  to  two-buudred  | 
miles.  The  Tdtons  on  the  west  loomed  up  grandly,  white,  through  tbtt  ' 
broad  depression  just  north  ofthem,  the  Crater  Bnttes,  tbe  Three  Butt^.  ! 
tbeSnlmonRiverMonntains,  and  Sawlelle's  Peak,  were  in  full  sight.  To',  I 
tbeuDi't')i,tho  Gallatin  Mountains,  the  Belt  Mountains.andCntzj'VVomwat  I' 
Houutuins  appeared  close  at  hand,  while  along  the  eastern  horizon  stood,!: 
tbe  high  walls  of  the  Yellowstone  Range  and  of  the  Big  Horn  Mountoiu^  | 
and  fur  to  the  southeast  stood  what  we  supposed  to  be  Frfiinout's  Pealit  I 
and  other  crests  of  the  Wind  River  range.  There  appeared  to  be  ^tl 
considemble  dejiression  in  the  Big  Horn  Mountains  nearly  due  east  ffOl^kj 
the  head  of  Yellowstone  Lake,  as  if  there  might  be  a  itracticable  paw^j 
through  the  range  at  that  |)oiut.  This  should  be  examined.  Tbroa^^  i 
out  all  this  wide  area,  with  its  numerous  lofty  cresta,  there  were  w  j 
"  snow-mrered "  p<>ak8,  though  many  large  bodies  of  snow  appearc^^^l 
near  the  summits  in  every  direction.  "^ ,  1 

Tho  lower  slopes  of  the  mountain  are  heavily  timbered ;  but,  na  vri  I 
appmnch  tbe  Bnmmit,  tbe  trees  become  scattered  and  stunted,  eoosiatid^  I 
mostly  of  Pinva  flenlia  and  a  small  spruce,  Abiea  Dovglatii,  both  charyl 
aetei'istic  of  high  levels.  The  coarse,  yellow  lichen  {Ever  (7)  nia  vvJpina^A 
often  called  "Montana  moss,"  which  is  somewhat  abundant  at  lowAI 
ievelw,  bat  is  there  rarely  Ibuud  well  fruited,  grows  here  in  immw 
quantities,  maguiflcently  fruited,  the  spore-disks  (apothecia)  being  fl 


MiiHiib  Everts  bud  Iioimi  UMdforil,  lint  Iliat  nnTuu  v/af,  nlr«n(I]-  iu  use  foca  peak  A 
iHli,  nnd  ituplicslioD  uf  nnniei  ii  as  nltjpclionnble  in  L[cot,TaTiby  as  in  tbedtMriBlL. 
Iiut  impTobable  tbut  tbis  may  havu  been  tbe  iH'ok  hi  which  tbunameUaahtlj 


isonor  tliuold  mnpH  tcos  iutenijeii  to  apply,  but  tlie  localion  of  that  peak  nns 

mileH  dtHtaut  from  the  positiou  of  tlif«,  ntirt  bad  sn  different  relatiuDH  toamf 

rauRctii,  that  ire  caiiuot  cousider  tbi>  ideulilication  at  nil  oertain,  and  thanKlvV 
njevt  tho  uhuid. 
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qnently  an  inch  or  more  in  diameter.  At  the  very  crest,  vegetation  is 
reduced  to  a  few  grasses  and  Alpine  plants,  and  the  gray,  red,  and  yel- 
low rock-lichens  which  so  commonly  make  these  high  levels  brilliant. 

The  extreme  crest  consists  of  a  dark,  brecciated  porphyry ;  but,  only 
a  few  feet  lower,  we  find  an  abundance  of  the  purplish-pink  laminated 
porphyry,  which  forms  a  large  part  of  the  mountain.  All  the  rock  is 
quite  ferruginous,  so  that,  on  weathering,  it  attains  the  dark-red  tint  so 
characteristic  of  the  mountain  as  seen  from  a  distance. 

In  the  south  slope  of  the  mountain  there  is  another  huge  crater  like 
hollow,  but  I  doubt  its  being  really  an  old  crater.  Its  slopes  are  steep, 
with  loose  rubbish,  on  which  we  could  hardly  stand,  while  at  the  same 
time  we  could  with  difBlculty  drag  our  horses  down  it  to  our  chosen 
camping-spot  in  a  grassy  opening  by  the  side  of  the  small  stream  formed 
from  the  snow-banks,  which  probably  never  entirely  disappear  from  the 
head  of  this  hollow.  A  snow* fed  pond  lies  on  a  small  flat  near  the  head 
of  the  stream.  A  large  dike  of  very  compa<5t  trap  crosses  this  ra\ine 
just  above  camp,  running  about  north  44^  west.  Mr.  Heriug,  with  his 
assistants,  remained  upon  the  summit  until  after  dark,  for  star-observa- 
tions, but  succeeded  in  bringing  his  instruments  safely  to  camp. 

Next  morning  (12th)  Mr.  Hering  and  Mr.  Stevenson  returned  to  the 
main  party,  while  the  rest  of  us  went  on  to  examine  the  head-waters  of 
the  Snake,  whose  general  position  we  had  seen  from  the  summit  of  the 
moantaiu.  About  a  mile  below  our  camp,  we  came  to  a  curious  little 
spring-pool,  standing  on  a  marshy  bottom.  Around  its  edge  there  was 
a  dam-like  border  of  roots,  grass,  and  moss,  by  which  the  water  was 
held  at  perhaps  a  foot  above  the  surrounding  marsh.  Apparently  the 
spring  had  burst  up  through  an  old  turf,  which  had  turned  up  at  the 
edges,  and  through  which  the  water  had  never  been  able  to  break  down 
an  0[)en  passage,  though  escaping  through  its  mass  and  over  its  edges. 

Our  descent  continued  to  be  quite  rapid  for  nearly  two  miles  farther, 
when  we  reached  the  meadow-like  bottom  of  a  stream  coming  in  from 
the  left,  which  apparently  gathers  the  water  from  the  springs  which 
escape  from  the  foot  of  the  mountain,  nearly  round  to  the  basin  of  Heart 
liake.  From  the  junction  of  the  two  streams  we  held  our  course  south- 
easterly-, over  a  spur  about  500  feet  high,  until  we  struck  Heart  liiver 
not  far  above  its  junction  with  Barlow's  Kiver.  As  the  stream  leaves 
Heart  Lake,  it  flows  for  some  miles  through  dense  forests  of  pine  and 
spruce,  and  then  through  a  deep,  narrow  canon,  apparently  of  volcanic 
rock,  from  which  it  issues  just  above  where  we  struck  it.  This  river  is 
evidently  not  subject  to  the  great  freshets  which  are  common  on  many 
of  the  streams  hereabout,  and  it  is  therefore  probable  that  Heart  Ljike 
acts  as  a  retaining  reservoir  for  the  waters  of  the  melting  snows,  while 
the  melting  itself  goes  on  more  slowly  in  this  densely -timbered  basin 
than  on  the  barer  slopes. 

The  valley  about  the  junction  of  the  two  streams  contains  a  consider- 
able .irea  of  beaver-ponds.  Continuing  southward,  up,  the  valley  of  Bar- 
low's River,  we  rode  for  two  or  three  miles  ovei;  a  level,  sage-covered 
prairie,  but  little  above  high-water  mark.  The  stream  has  a  very  wide, 
gravelly  channel,  in  contrast  with  which  its  present  flow  seemed  very 
small,  though  really  of  pretty  good  size.  The  lower  slopes  of  Mount 
Hancock  on  the  west,  and  those  of  an  unnamed  peak  of  nearly  equal 
height  on  the  east,  soon  close  in  upon  the  stream,  forming  a  deep  and 
narrow  canon.  To  avoid  traveling  in  the  bed  of  the  stream,  we  followed 
some  of  the  numerous  game-trails,  which  led  us  to  from  300  to  400  feet 
alM>ve  its  level,  but  Anally  brought  us  down  again  about  ten  miles  from 
Heart  JUver,  and  just  below  some  small  falls  and  lapids,  where  the 
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Btream  descends  about  30  feet  in  about  200.  About  two  miles  below 
this  we  began  to  find  ontcrops  of  a  tine-grained^  ferruginous,  laminated 
sjuulstoue,  destitute  of  fossils,  but  probably  of  Tertiary  age.  Some  of 
the  layers  showed  abundant  ripple-marks.  At  the  falls,  the  rock  is 
heavy-bedded.  The  dips  are  mostly  about  22^,  varying  somewhat  on 
either  side  of  due  east.  Just  above  the  falls,  and  opposite  to  our  camp, 
four  thin  layers  of  coal,  varying  from  1  inch  to  6  inches  in  thickness,  and 
two  layers  of  clay  ironstone,  (iron  carbonate,)  varying  from  6  inches  to 
1  foot  in  thickness,  are  all  included  within  10  feet  of  shales.  About 
three  miles  above  this  point,  the  canon  opens  out  into  a  broad  valley, 
with  rather  narrow  bottoms,  but  with  broad,  gentle,  grassy  sloi)es, 
topped  with  gently-rounded  hills,  partly  timbered,  partly  grassy.  The 
huge  rocks  which  lower  down  had  encnmbered  both  bottoms  and  slopes 
gave  place  to  cobble-stones,  pebbles,  and  sand.  From  this  point  Capt^vin 
Barlow  turned  eastward,  in  1871,  alter  following  up  the  cailon,  a,s  we 
had  now  done;  and  here  we  turned  eastward  to  climb  the  hills.  From 
a  higher  point,  we  saw  that  the  rest  of  the  valley  is  mainly  a  broad 
basin.  There  appears  to  be  no  pond  at  the  head  of  the  stream,  which 
is  apparently  near  the  summit  of  a  fiat  divide,  from  the  other  side  of 
which  the  waters  run  to  Buffalo  Fork.  This  is  mostly  fine  grazing- 
ground,  and  the  numerous  game-trails  give  evidence  that  it  is  frequented 
by  deer  and  elk ;  indeed,  we  found  two  herds  of  elk,  of  about  twenty 
ea(»h,  among  the  groves  on  the  top  of  the  ridge.  The  mountains  shut 
off  the  winds  on  all  sides,  and  the  vallej'  lies  so  well  to  the  sun  that 
the  snows  must  melt  rapidly  here,  thus  (wiusing  the  great  freshets  of 
which  the  broad,  gravelly  bottom  of  the  river  below  had  already  given 
so  abundant  evidence.  The  upper  slopes  of  the  ridge  on  either  side  are 
mostly  bare  of  timber,  and  many  part«  of  them  are  badly  washed. 
Those  on  the  east  are  composed  of  mostly  thin-bedded  sandstones, 
probably  of  Tertiary  age,  at  least  2,000  feet  thick,  witii  variable  south- 
easterly dips.  A  few  red  layers  appear,  but  the  majority  of  them  are 
gray.    No  fossils  were  found,  though  careful  search  was  niade  for  them. 

From  the  summit  of  this  ridge,  we  again  saw  Yellowstone  and  Heart 
Lakes,  and  had  a  line  view  of  the  rugged  Tertiary  (?)  crests  of  the  Big 
Horn  Mountains  to  the  east,  running  down  to  Union  Pass. 

The  s(!attered  groves  of  spruces,  with  occasional  pines,  which  are  so 
constantly  characteristic  of  the  upper  edge  of  the  timber,  occur  scat- 
tered over  these  upper  slopes,  and  nearly  every  cluster  contains  some 
young  trees;  but  we  nowhere  encounter  the  patches  of  dense  young 
growth  which  at  a  lower  level  so  constantly  start  up,  in  a  short  time, 
whenever  a  body  of  old  timber  h.as  been  burned  over  and  has  fallen, 
and  often  even  before  the  dead  trees  have  fallen.  The  idea  has  been 
advanc(Hl  that  the  burned  patches  are  not  thus  renewed  in  these  mount- 
ains; and,  under  some  ch'cumstaneeftj  this  seems  to  be  true;  but  the  rule 
is  just  the  opposite,  as  those  of  us  who  have  had  occasion  to  j)enetrate  the 
vigorous  growth  of  this  dense  young  i)ine,  whether  alone  or  with  a  paek- 
train,  will  most  vividly  remember  wliile  memory  lasts. 

Crossing  this  ridge,  we  came  to  the  valley  of  a  stream  which  we  after- 
ward ascertained  to  be  the  head  of  the  main  stream  of  Snake  Kiver. 
At  its  n])per  extremity  we  found  a  Hat  valley-divide,  upon  which  are 
two  small  ponds,  near  together,  covering  from  eight  to  ten  acres  each, 
one  of  wliieh  is  the  ultimate  source  of  Snake  IJiver,  while  the  How  from 
the  other  joins  Bull'alo  Fork,  and  so  reaches  the  Snake  just  below 
Jackson's  Lake.  Ascending  the  high,  sharp  ridgi*  on  the  west  side  of 
this  valley,  at  least  500  feet  liii^h,  wc  find  its  slope's  to  consist  entirely 
of  large  and  small  well-rounded  pebbles  of  variously-colored  quartzites, 
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up  to  the  very  sammit,  where  this  deposit  is  jnst  pierced  by  an  outcrop 
of  the  gray  trachytic  lavas  and  red  basalt,  partly  vesicular,  though 
mostly  compact,  which  form  the  nucleus  of  the  ridge.  We  here  stood 
u[)on  one  of  the  highest  points  in  that  neighborhocKJ,  about  8,054  feet 
al)ove  the  sea  5  so  that  we  were  entirely  at  a  loss  as  to  the  source  from 
which  had  flowed  the  large  river  which  had  distributed  such  immense 
amounts  of  gravel  and  sand.  We  could  obtain  no  local  data  which 
should  enable  us  to  judge  whether  the  stream  had  flowed  northward  or 
sonthwanl,  but  the  general  levels  of  the  country  would  imply  a  north- 
erly drainage.  The  deposit  is  evidently  very  ancient,  but  no  consider- 
able consolidation  had  taken  place. 

Looking  westward,  a  heavy  mass  of  mountains,  broken  by  very  few 
water-courses,  at  least  on  their  eastern  ftice,  lies  between  us  and  the 
basin  of  Jackson's  Lake,  and  I  believe  that  this  is  here  properly  the 
"  main  range^of  the  Eocky  Mountains.  It  is  certainly  partof  the  highest 
moHS-connectUm  between  the  Wind  River  and  Big  Horn  Mountains,  on 
the  east,  which  really  form  the  northern  termination  of  what  is  the  main 
range  farther  south,  and  the  range  west  of  the  Three  Forks  of  the 
Missouri,  which  there  bears  the  nameof  Itocky  Mountains,  and  the  con- 
tinuation of  which  really  appears  to  be  the  main  range  farther  north,  so 
far  as  the  best  maps  indicate. 

Above  this  mountain-mass  the  T^tons  loom  up  grandly.  A  peak  of 
that  range,  some  fifteen  or  twenty  miles  north  of  Mount  Hayden,  is 
second  only  to  that  peak  in  elevation. 

Passing  westward  the  quartzite-gravel  continues  for  several  miles, 
though  the  mass  of  all  the  ri<lges  is  composed  of  a  coarse  volcanic 
bi-eccia.  The  slopes  are  here  much  flatter  and  more  rounded,  with  heavy 
growths  of  fine  spruce,  of  which  large  areas  have  been  burned  and 
have  fallen,  so  that  we  found  some  large  patches  absolutely  impassable 
with  animals,  and  were  obliged  to  make  considerable  detours  to  avoid 
them.  The  small  streams  heading  here  have  flat  valleys,  with  some 
good  meadows. 

Descending  the  valley  of  Coulter's  Creek,  we  found  that  the  high 
divide  between  the  head  of  this  creek  and  the  head  of  Snake  River  con- 
sisted of  rapidlj-disintegrating  volcanic  rodvs,  mostly  conglomerates  of 
trachytic  porphy^-,  obsidian,  &c.,  like  those  which  form  the  very  pre- 
cipitous banks  of  the  streams.  Many  bare  spots  on  the  slopes  indicate 
old  land-slides,  some  of  them  of  large  size.  The  main  valley  is  narrow 
and  in  some  parts  deeply  caiioned,  so  that,  ^\ith  both  steep,  vocky 
8loi)es  and  badly-interlocked  fallen  timber,  we  had  great  difficulty  in 
,  making  a  passage  out  to  the  valley  of  the  main  Snake.  This  stream,  we 
^fotjand,  after  a  course  of  about  twelve  miles  from  its  ultimate  sources. 
Tunning  through  a  broad  graveled  channel,  200  feet  or  more  in  width, 

ritb  three  considerable  terraces  on  either  bank,  along  which  we  rode  to 

|the  junction,  of  Barlow's  River.    The  gravel  is  in  some  places  washed 

\*way  by  the  stream,  so  as  10  expose  a  solid  river-bed  of  volcanic  rocks. 

[Sear  the  junction,  the  terraces  are  at  the  levels  of  about  25,  80,  and  140 

"  ft  al)ove  the  jiresent  level  of  the  bottoms.    These  are  also  developed 

some  extent  along  Barlow's  River,  which  enters  the  Snake  Jit  a  sharp, 

ivei-sed  angle,  through  a  narrow  caiioned  valley,  from  the  upper  slopes 

"  Nviiich  we  could  seertlie  broad  flats  jibout  the  mouth  of  Heart  River, 
lough  this  fork  brings  at  this  season  the  most  water  to  the  united 
ream,  and  has  the  longest  coarse,  draining  the  largest  area,  yet  the 

tlative  forms  of  the  valleys  at  once  decided  that  this  could  not  properly 
Ciilled  the  main  Snake  River. 
Ou  the  broad  lower  terrace,  about  a  mile  west  of  the  mouth  of  Barlow's 
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Hiver,  stnnds  a  large  coDical  moand,  about  65  or  70  feet  high  and  per- 
haps 250  feet  in  diameter  at  the  base.  Thoagh  circumstances  prevented 
uie  from  making  the  desired  examination  of  it,  yet,  from  the  regularity 
of  its  outline,  1  feel  quite  certain  that  it  is  a  structure  of  the  age  of  tbe 
3roun<lbuilders.  No  other  relics  of  that  interesting  people  were  seen 
upon  the  entire  trip,  unless  the  rude  rock-wall  reported  by  Mr.  Steveh- 
son  as  existing  upon  the  summit  of  Mount  Hayden  should  prove  to  be 
such. 

The  broad  valley  soon  narrows  again  to  a  deep  canon,  walled  by  red 
shaly  sandstones,  containing  no  fossils  beyond  indistinct  fncoidal  mai'k- 
ings,  which  are  referred  with  doubt  to  the  Triiissic  i>eriod.  The  gray 
beds  of  the  lower  part  of  the  series  make  their  appearance  in  the  lower 
end  of  the  cafion.  The  stream  is  here  broad  and  shallow  and  easily 
forded,  so  that  the  canon  can  be  easily  traversed  at  this  season.  From 
this  point  the  valley  is  wide  and  terraced,  the  bordering  ridges  being  a 
mile  or  more  apart ;  and  this  continues,  gradually  widening,  to  the 
basin  of  Jackson's  Lake.  Just  at  the  mouth  of  the  narrow  caiion,  the 
river  bends  sharply  to  the  right  and  then  to  the  left,  so  that  the  form 
of  the  slopes  gives  the  descending  traveler  reason  to  exi>ect  hero  a  large 
affluent ;  but  none  exists.  About  a  mile  lower,  we  came  suddenly  ui>ou 
a  small  basin  of  hot  springs,  most  of  which  are  now  nearly  extinct, 
though  some  large  mounds  on  the  liver-bank  give  evidence  of  gi*eat 
activity  in  former  times.  The  active  vents  seen  were  all  in  the  bed  or 
on  the  bottoms  of  the  river,  so  that  their  flow  was  more  or  less  mingled 
with  river- water ;  and  no  temi)eratures  were  taken.  The  deposits  are 
siliceous.  Mr.  Taggart  found,  near  here,  at  the  foot  of  the  second  ter- 
rac^e,  several  conical  depressions,  from  30  to  40  feet  deep  and  from  75  to 
100  feet  in  diameter,  which  viight  have  been  old  spring-basins,  though 
tlieir  origin  is  by  no  means  certain.  At  the  bottom  of  one  of  these  lay 
t  wo  dead  rabbits,  uiwn  which  there  were  no  signs  of  violence.  No  other 
signs  of  escaping  gas  were  noticed. 

This  hot-spring  basin  occurs  at  the  upper  edge  of  a  belt  of  basalt, 
winch  forms,  a  little  farther  on,  lofty  vertical  walls,  from  300  to  500  feet 
high,  through  which  a  small  stream,  coming  in  from  the  north,  has  worn 
a  deep,  narrow  cailon.  About  two  miles  below  this,  high  walls  of  nearly 
white  limestone  appear  on  either  hand,  though  the  fading  light  of  even- 
ing prevented  a  clear  understanding  of  the  relative  position  of  the  beds 
at  the  junction.  It  is  probable  that  the  basalt,  escaping  from  some  vent 
in  the  volcanic  range  of  lied  Mountain,  filled  a  large  north  and  south  val- 
ley, of  which  the  limestone  had  i)reviously  formed  the  western  wall;  and 
semi-metamorphism  should  be  found  in  the  limestones  near  the  line  of 
contact. 

About  three  miles  more  brought  us  to  the  camp  of  the  main  party,  at 
the  month  of  Lake  Fork,  where  the  broad  valley  of  the  Snake  luakes  a 
sweei)iiig  curve  into  its  future  southerly  course,  while  Lake  Fork  itself 
j(»ins  it  from  the  north  through  the  narrow  caiion  which  it  has  worn 
down  through  a  high  barrier  of  volcanic  rock. 

In  descending  from  Lake  Lewis,  the  main  party  found  the  river-banks 
low  and  rocky  for  a  short  distance,  before  the  stream  entersa  canon  with 
walls  from  150  to  200  feet  high,  in  which  were  encountered  sharp  rapids 
and  a  vertical  fall  of  about  30  feet.  Then,  for  a  mile  or  two,  the  sloi)es 
are  gradual,  with  narrow,  swampy  bottoms  along  the  river.  About  three 
miles  below  the  lake,  high,  rocky  banks  indicate  the  approach  to  a  deep 
Ciinon,  which  really  commences  at  about  three  and  a  half  miles,  with 
per[>endicular  w^alls  on  both  sides,  inclosing  a  narrow  channel  with  a 
rapidly-sloping  rocky  floor,  in  some  places  partially  obstructed  by  huge 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       257 

tumbling  masses  of  it)ck,  but  apparently  without  any  accumulation  of 
gravel.  Considerable  rapids  occur  through  nearly  the  whole  caiion,  and 
one  fall  of  nearly  50  feet  was  noticed.  The  canon  deepens  rapidly  to 
from  700  to  800  feet,  with  widths  of  less  than  half  the  depths  at  the 
deepest  precipitous  portions,  though  in  some  places  widening  above,  so 
as  to  have  sloping  banks  of  about  50^  from  the  horizon.  About  three 
miles  down,  it  reaches  its  culmination,  and  is  truly  grand.  It  has  none 
of  the  brilliancy  of  coloring  so  characteristic  of  the  Yellowstone  Caiion, 
but  the  somber  tints  of  its  gray,  brown,  and  dark-red  lichen-covered 
rocks,  occasionally  variegated  with  smaller  patches  of  green  and  yellow, 
constitute  a  peculiar  style  of  beauty  and  add  greatly  to  the  effect  of  its 
narrow  dark  depths.  The  only  deticiency  is  in  the  supply  of  water, 
which  is  small  at  this  season.  The  rocks  are  all  volcanic,  mostly  por- 
phyries and  trachytes,  with  some  porphyritic  obsidian.  Some  two  miles 
below  the  end  of  the  main  canon,  the  cliffs  close  in  again  to  the  river, 
for  a  few  hundred  feet,  to  a  width  of  about  200  feet,  with  a  height  of 
400  feet  or  more,  forming  a  suitable  gateway  to  the  caiion  from  below. 
The  valley  below  this  is  still  narrow,  but  opens  enough  to  give  room 
for  a  few  beaver-dams  in  its  swampy  bayou- banks  before  it  rushes  out 
into  the  valley  of  the  Snake. 

The  high  ridges  which  form  the  slopes  about  Lake  Lewis  bear  back 
fipom  the  river  and  form  no  part  of  its  lofty  caiion-walls.  Between  the 
river  and  this  upi)er  slope,  on  the  west  side,  a  large  stream  gather 
its  waters  from  the  abundant  springs  of  the  mountains  and  occupies  a 
broad  flat  valley  on  the  lower  level,  filled  with  beaver-dams,  whence  it 
rushes,  through  a  narrow,  winding  canon  and  over  a  30-foot  fall,  to  meet 
the  river  about  a  mile  above  its  junction  with  the  Snake.  On  the  foot- 
slopes  of  the  mountain,  along  the  west  side  of  the  beaver-dam  flat, 
there  are  considerable  numbers  of  warm  springs  oozing  out,  and  con- 
siderable accumulations  of  siliceous  deposits  are  indicated  by  the  soil. 
A  small  run,  formed  from  a  number  of  these  springs,  gave  a  tempera- 
tore  of  lOlo.  It  is  possible  that  active  springs  of  some  size  exist  in 
this  neighborhood,  but  the  contrary  is  indicated  by  the  extensive  bodies 
of  dense  timber,  which  also  hinder  exploration.  From  the  south  end  of 
the  cluster  of  beaver-danis  aforesaid,  a  stream  flows  southward,  which 
attains  a  pretty  good  size  before  it  joins  the  Snake,  about  three  miles 
below  the  camp  at  the  forks.  Its  source  is  probably  in  strong  springs 
on  the  flat  divide,  which  have  been  dammed  up  by  tlie  beavers  so  high 
that  the  ponded  waters  can  escape  in  both  directions. 

The  mountain  which  bears  oft*  westward  from  the  head  of  the  caiion 
forms  the  steep  northern  wall,  while  the  extreme  slopes  of  the  Teton 
Range  form  the  more  gently-sloping  southern  boundary  of  a  flat  valley, 
from  five  to  eight  miles  wide,  which  breaks  through  to  the  basin  of  Hen- 
ry's Fork,  and  is  occupied  by  the  sources  and  main  stream  of  Falls 
Kiver.  The  extreme  source  of  this  river  is  in  the  great  water  shed  of  the 
northern  mountain,  from  whose  southern  face  it  bursts  in  four  immense 
springs,  which  leap  from  its  steep  rocky  sides  as  full-grown  streams, 
and  rush  in  beautiful  cascades,  from  75  to  100  feet  high,  down  a  slope 
of  about  40o,toforni  two  large  branches,  which,  a  mile  below,  unite  in  a 
stream  carrying  about  20  feet  of  water.  After  a  winding  course  of  two 
or  three  miles,  from  several  points  of  which  it  could  with  very  little  dif- 
ficulty be  turned  eastward  into  the  main  Snake,  it  flows  with  a  still 
rapid  current  into  the  more  northern  of  two  small  lakes,  known  to  us 
as  Beulah  Lakes,  which  lie  ui>on  the  lowest  part  of  the  divide  and  are 
each  from  600  to  800  feet  across.  The  southern  one  has  now  no  surface- 
outlet,  but  marshy  grounds  extend  to  the  more  northern  one,  over  which 
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•«■  :  •  V  I?  :>c  7;ui«  when  tho  surface  of  tbe  lake  is  from  foor  to  six  feet 
»'^  ir-;  riifi?  'i:vi*lt  roward  the  east  is  only  8  feet  above  the  lake.  From 
•:v  \  '<  r-.-iL  oc  the  more  northern  hike,  about  JiO  feet  of  water  flow  out 
-:.  •■'   .  T^>4.u  tiiujiiiu::  over  a  fall  of  12  feot.    Strong  branches  soon  join 

!•   <  ^■Ltm  :n.tm  rue  north  and  one  from  the  sonth,  and  double  its  sup- 

r  ■.  '\  lur.  Five  other  falls  succeed,  of  G,  1*J,  40,  20,  and  30  teet,be- 
iiv  V  .•  itu'Ii  tbe  Great  Falls.  These  show  a  total  descent  of  141  feet, 
»i!^>i  ru  "f  three  larger  falls  above,  the  thiixl  being  47  feet  high,  with 
Lti>-v  <^:Ltall  ouos  at  the  bottom.  The  upi^er  two  are  somewhat  of  horse- 
s.i<'i'  A  i-'u,  while  the  third  and  highest  has  a  nearly  straight  edge.  Tbe 
uiii>iiiic  ..It  water  in  the  stream  is  fully  80  feet.  The  porphyritic  trachyte 
>i  is  walls  uums  peri>endieular  cliti's^  with  rounded  tops.  A  stream  of 
>4.)iiK-  si/A'  comes  in  about  a  half  mile  above  there,  on  the  south  side, 
t '  ( :t  !iitt.'  ciLScades  on  its  upper  couise,  while  its  sources  lie  in  a  basin  of 
Ik-  itiouurairi  whose  form  indicates  thsit  it  may  inclose  a  small  lake ;  the 
lit  iiaiid  branci)  uf  this  stream  comes  from  two  small  lakes  ou  the  di- 

■lit-.  .i.>  iiciviiiafter  described. 

yvturi  cue  lakes  down^Yard,  we  find  laminated  iwrphyries,  succeeded 
IV  ':Ka\tes  and  ivd  and  black  porphyritic  obsidian.  Below  the  faUs, 
i  i.^^ii  Aiiob  consists  of  a  line-grained,  compact,  white  trachyte,  which 
viii^iJisdiss^'iLiLiiatedplatesof  black  mica,  (muscovite?)and  which,  with 
»iu  .4  sli:i!u  change  of  texture,  might  readily  be  mistaken  for  granite. 
■»'»«iu  I  Irs  knob  we  havtT  a  line  view  westward  to  the  lower  basiu  of  this 
•  U'j  MiKi  Ks  tributaries.  The  largest  of  these,  Bechler's  River,  comes  oat 
.'i  :)c  vlaccau  of  the  great  watershed,  about  ten  miles  to  the  north- 
»  ,:^:.  uoa  large  basin  ap|)arently  containingextensivegrassy  meiidows, 
,  :»i  :>vMi  passes  antong  rounded  timbered  hills  to  join  Falls  liiver, 
,^;'.    •.:.I\    biu  a  few  miles  above  our  lower  crossing  of  that  stream. 

.    ;«•  ^'  i>s\  meadows,  some  nnles  farther  north,  indicate  another  large 

n;  •.,!:.  j'U'vmMv  iriluitary  to  Lecbler-s  Eiver;   but  it  was  impossible 

v      .*v    IS  couiM*  with  any  certainty  at   that  distance.     Some   miles 

A  »  t  */  !.'^  Kixcr  our  guides  reiKUt  another  fall,  about  40  feet  high;  so 

i.t.    .  \v  .1  Iv  seen  that  the  stream  des<»rves  its  name.    The  slopes  near 

u      \i  i    nv  mainly  wt'll-rounded  and  fairly  timbered,  though,  at  a  few 

A  .;i,N,  Nuvp  and  oven  luecipitous  and  bare.     The  stream  presents  tbe 

,,    .v\^;    \,ii;ot\    o!    water-scenery  within  a  short  distance;    from  the 

X  ..    i' c:»  pools,  which  accompany  a  short  stretch  of  beaver-dams,  to 

V-   .■ .  >^;Mip  vnshcs  over  steep  rock-slopes,  to  successions  of  steps,  form- 

,.^  \ ..  '»s:x  si\hs  of  rapids,  and  to  vertical  falls  of  various  forms  and 

^  \  X     A  iviicci  iicasnry  of  artistic  bits. 

I  i,     :e\  i;  :oti  oi  ibis  divide  and  tbe  moderate  character  of  the  slopes, 

^x  .,  .;  iKnit  ol  feet  t«>  tbe  mile  Irom  Henry's  Fork  to  the  summit,  iu- 
;, ,,  »N  :v>  Iv  a  lavorable  line  for  railroad  access  from  the  south  to  the 
.  ,^ . ..  ,».  \«.'.U»\\siinie  Lake,  if  such  should  be  thought  desirable.     From 

: t      c  iii>  Henry's  Fork  to  Montana,()f  which  this  would  doubtle^ss 

,^  .  ♦,  i.u^i.  /u'  road  would  foUow  up  tbe  ridge  on  the  south  side  of 
»  .  s  •  *'.^  »■'  ibc  tlivule,  thence  keep  around  the  foot  of  the  northern 
,.,  ».  .  >  ^'  I  i'vv'  l.',»wis,  cross  Lake  Fork,  and,  passing  along  the  eastern 
^K  ..    ^      *v     '  vv\  V  rv»ss  tbe  tlat  divide,  striking  Yellowstcme  Lake  about 

I, «••     ^  ^u*s[eni  sitle,  and  lluMice  follow  down  tbe  valley.     It  is 

.>%••»'   ^     ■*'     *  ■'^'  -e  coidil  ho  located  from  Lewis's  Lake,  past  the  north 

,.  N*«'^"'''v'  ^  *»-vc,  to  tbe  Fire-IJole  basins;  but  tbe  most  easy  ac- 

l^.^x    /    K    '"  ^  'l'";^*  i'*  by  way  of  Henry's  Lake  Valley,  Tyghee  i\uss, 

\  ,.,     :T.,  s    .*'    ^i.:  >sv»n   i'anon.     l»etween  tbe  Fire-Hole  and  Yellow- 

K    ivi,;^VN  are  too  shar[)  to  be  [)assed  by  railroads,  uuless  by 


v:.»'^    ■■*^'"* 


^..^  ^^  -s      X    •.'-  v-s  or  bv  loug  tuuncls. 
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A  short  distance  southwest  of  Beulah  Lakes,  over  a  divide  about  300 
feet  high,  aud  at  a  level  about  100  feet  lower,  Mr.  Becbler  found  two  otbei* 
small  lakes,  at  the  bead  of  a  branch  of  the  stream  which  enters  Falls 
River  from  thesonth,  just  above  the  Great  Falls.  The  upper  one  has  an 
area  of  something  over  one  hundred  acres,  with  rocky  banks,  and  dows 
to  the  lower,  which  occupies  about  40  acres  in  the  center  of  a  marshy 
basin  of  perhaps  a  hundred  and  forty  acres. 

Southeast  of  these  latter  lakes,  over  a  divide  about  350  feet  high, 
we  reach  the  head  of  a  valley  runniug  eiistward  to  the  main  Snake.  Its 
opper  iKirtiou  is  a  flat  basin,  about  one  and  a  half  miles  long  by  a  mile 
wide,  bounded  on  the  east  and  north  by  from  400  to  500  feet  of  volcanic 
rocks,  of  which  the  upper  200  feet  present  a  vertical  front,  while  the 
lemainder  is  mainly  covered  by  a  slope  of  tumbling  rubbish  down  to 
the  stream.  The  other  slopes  are  rounded,  as  are  also  most  of  those 
along  the  lower  course  of  the  stream  down  to  its  junction  with  the  Snake. 

Ali  this  wide  ai-ea,  from  these  northern  sloi)es  of  the  Teton  Range 
nearly  to  the  Tyghee  Pass  and  to  the  mountains  on  the  north  side  of 
tlie  Upper  Madison,  though  actually  quite  eleviited,  is  relatively  much 
depressed  below  the  summits  of  the  limestone,  quartzite,  and  granite 
monntains  on  either  side.  From  the  general  distribution  of  the  volcanic 
rock&»  as  well  as  from  facts  observed  elsewhere,  I  am  inclined  to  believe 
that,  before  the  ejection  of  these  immense  bodies  of  lavas,  there  was 
here  a  broad  valley,  through  which  the  dniinage  of  the  ui)[H')r  mount- 
ain-region to  the  eastward  found  its  way  out  to  the  great  basin  of  the 
Snake,  while  the  canon  by  which  it  now  escai)es  through  the  high 
mountain-mass  south  of  the  T^tons  had  not  been  cut  down. 

Immediately  opposite  the  camp  at  the  mouth  of  Lake  Fork,  there  is 
a  considerable  cluster  of  dead  and  dying  hot  8[)rings.  Se^'eral  mounds 
indicate  the  former  positions  of  geysers  of  considerable  size.  The  temper- 
atures of  ten  springs  were  taken  by  Mr.  Taggart,  varying  from  102°  to 
158^,  Three  were  above  loiP,  The  deposits  are  now  rapidly  disintegi'at- 
ing-  U\yon  one  large  conical  mound  this  process  had  developed  a  col- 
umnar or  fibrous  condition  of  the  geyserite.  Similar  spring-deposits 
also  occur  on  the  west  side  of  the  river,  from  one  to  four,  miles  below 
this  camp,  an<l  some  of  the  mire- holes  so  common  in  tlie  Fire- Hole 
basins  were  also  encountered.  Upon  looking  back  from  below,  two 
large  columns  of  steam  were  seen,  about  a  mile  up  the  Beaver-Dam 
Creek,  which  seemed  to  indicate  the  possibility  of  geysers  still  existing 
there.  The  lower  i)art  of  that  stream  was  full  of  puri)le-nacred  uniois, 
apparently  like,  or  closely  allied  to,  those  found  in  the  branches  of 
Henry's  Fork. 

Along  the  east  side  of  the  river,  the  face  of  the  high  ridge  shows  the 
following  rocks,  according  to  notes  taken  and  specimens  brought  in  by 
Mr.  Taggart : — At  the  base  lie  about  200  feet  of  white  and  light-gray 
qaartzires,  overlaid  by  from  500  to  GOO  feet  of  light-drab  and  dark-gray 
limestones,  and  about  100  feet  of  gray  sandstones,  followed  by  heavy 
beds  of  red,  shaly  sandstones,  apparently  the  same  as  those  seen  higher 
np  the  river.  I  am  not  satisfied  as  to  the  age  of  either  the  limestone  or 
the  quartzite.  The  ridge  is  capped  with  beds  of  imrphyritic  trachytes, 
having  a  dip  of  about  30^  to  the  southeast,  while  the  limestones  beneath 
dip  about  40^  in  the  same  direction,  showing  that  their  tilting  com- 
menced before  the  deposition  of  the  trachytes. 

The  main  trail  crosses  the  Snake  about  a  mile  below  camp,  and 
passes  over  the  hills  so  as  to  cut  off  a  considerable  bend  of  the  river. 
From  six  to  eight  miles  below  the  forks,  a  spur,  which  runs  nearly  to 
the  west  bank  of  the  river,  shows  a  high  bluff  face  of  porphyritic 
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ootflow  mcLBt  pass  when  tke  snrfboe  of  the  kdis  is  from  four  to  six  feet 
higher.  The  divide  toward  the  east  is  ooly  8  feet  above  the  li^e.  Vtom 
the  west  end  of  the  more  Dorthem  lake^  aboot  30  feet  of  water  flow  oat 
rapidly,  soon  jamping  over  a  fell  of  12  feet.  Strong  branches  soon  join 
the  stream  from  the  north  and  <me  fhnn  the  sonth,  and  donble  its  anp» 
ply  of  water.  Five  other  falls  sncceed,  of  6|  12,  ^  20,  and  SO  feel,  be- 
fore we  reach  the  Great  Falls.  These  show  a  total  descent  of  141  feet, 
consisting  of  three  larger  fells  above,  the  third  being  47  feet  high,  with 
three  smiQl  ones  at  the  bottom.  The  upper  two  are  somewhat  of  horse- 
shoe form,  while  the  third  and  highest  has  a  nearly  straight  edge.  The 
amount  of  water  in  the  stream  is  fully  80  feet  The  porphyritiG  trachyte 
of  its  walls  forms  perpendieulat  di&L  witii  roonded  tops^  A  streaas  id 
some  size  comes  in  about  a  half  mile  above  thwe,  on  the  sooth  side, 
with  fine  cascades  on  ito  upper  course,  while  ite  sources  lie  in  a  basin  of 
the  mountain  whose  form  indicates  that  it  may  indose  a  small  lake ;  the 
left-hand  branch  of  this  stream  comes  from  two  small  lakes  on  the  di- 
vide, as  hereinafter  described. 

From  the  lakes  downward,  we  find  laminated  porphyries,  succeeded 
by  trachytes  and  red  and  black  porphyritic  obsidian.  Below  the 
a  high  knob  consists  of  a  fine-grained,  compact,  white  trachyte, 
contains  disseminated  plates  of  black  mica,  (mnscovitef)  and  which,  with 
but  a  slight  change  of  texture,  might  readily  be  mistaken  for  granite* 
From  this  knob  we  havtf  a  fine  view  westward  to  tiie  lower  basin  of  tiiis 
river  and  its  tributories.  The  largest  of  these,  Bechler's  Biver,  comes  out 
of  the  plateau  of  the  great  water-shed,  about  ten  miles  to  the  north- 
ward, into  a  large  basin  apparently  containingeztensive  grassy  meadows, 
and  then  passes  among  rounded  timbered  hills  to  Join  Falls  Biver, 
apparently  but  a  few  miles  above  our  lower  crossing  of  that  stream. 
L^rge  grassy  meadows,  some  miles  fartiier  north,  indicate  another  large 
stream,  probably  tributary  to  Bechler's  Biver;  but  it  was  impossible 
to  trace  its  course  with  any  certainty  at  that  distance.  Some  miles 
down  Falls  River  our  guides  report  another  fall,  about  40  feet  high ;  so 
that  it  will  be  seen  that  the  stream  deserves  its  name.  The  slopes  near 
the  river  are  mainly  well-rounded  and  fairly  timbered,  though,  at  a  few 
points,  steep  and  even  precipitous  and  bare.  The  stream  presente  the 
utmost  variety  of  water-scenery  within  a  short  distance;  from  the 
still,  deep  pools,  which  accompany  a  short  stretoh  of  beaver-dams,  to 
short,  sharp  rushes  over  steep  rock-slopes,  to  successions  of  steps,  form- 
ing varioQS  styles  of  rapids,  and  to  vertical  falls  of  various  forms  and 
sizes — a  perfect  treasury  of  artistic  bits. 

The  elevation  of  this  divide  and  the  moderate  character  of  the  slopes, 
averaging  about  54  feet  to  the  mile  irom  Henry's  Fork  to  the  summit,  in- 
dicate this  to  be  a  favorable  line  for  railroad-access  from  thesouUi  to  the 
region  of  Yellowstone  Ijake,  if  such  should  be  thought  desirable.  From 
the  mainline  up  Henry's  Fork  to  Montana,  of  which  this  would  doubUess 
be  a  branch,  the  road  would  follow  up  the  ridge  on  the  south  side  of 
Falls  Kiver  to  the  divide,  thence  keep  around  the  foot  of  the  northern 
mountain  to  Lake  Lewis,  cross  Lake  Fork,  and,  passing  along  the  e^astem 
shore  of  the  lake,  cross  the  flat  divide,  striking  Yellowstone  Lake  about 
tlie  middle  of  its  western  side,  and  thence  follow  down  the  valley.  It  is 
probable  that  a  route  conld  be  located  from  Lewis's  Lake,  past  the  north 
end  of  Shoshone  Lake,  to  the  Fire- Hole  basins ;  but  the  most  easy  ac- 
cess to  the  Fire-Hole  is  by  way  of  Henry's  Lake  Valley,  Tyghee  Pass, 
and  the  Upper  Madison  Gaiion.  Between  the  Fire-Hole  and  Yellow- 
stone Lake,  the  ridges  are  too  sharp  to  be  passed  by  railroads,  unless  by 
very  winding  routes  or  by  long  tunnels. 
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A  short  distance  southwest  of  13ea1ah  Lakes,  over  a  divide  about  300 
feet  high,  and  at  a  level  about  100  feet  lower,  Mr.  Bechler  found  two  other 
small  lakes,  at  the  head  of  a  branch  of  the  stream  which  enters  Falls 
River  from  thesouth,  just  above  the  Great  Falls.  The  upper  one  has  an 
area  of  something  over  one  hundred  acres,  with  rocky  banks,  and  flows 
to  the  lower,  which  occupies  about  40  acres  in  the  center  of  a  marshy 
basin  of  perhaps  a  hundred  and  forty  acres. 

Southeast  of  these  latter  lakes,  over  a  divide  about  350  feet  high, 
we  reach  the  head  of  a  valley  running  eastward  to  the  main  Snake.  Its 
ap{)er  [lortion  is  a  flat  basin,  about  one  and  a  half  miles  long  by  a  mile 
wide,  bounded  on  the  east  and  north  by  from  400  to  500  feet  of  volcanic 
rocks,  of  which  the  upper  200  feet  present  a  vertical  front,  while  the 
remainder  is  mainly  covered  by  a  slope  of  tumbling  rubbish  down  to 
the  stream.  The  other  slopes  are  rounded,  as  are  also  most  of  those 
along  the  lower  course  of  the  stream  down  to  its  junction  with  the  Snake. 

AH  this  wide  ai*ea,  from  these  northern  slopes  of  the  Teton  Hange 
nearly  to  the  Tyghee  Pass  and  to  the  mountains  on  the  north  side  of 
the  Upi>er  Madison,  though  actually  quite  elevated,  is  relatively  much 
depressed  below  the  summits  of  the  limestone,  quartzite,  and  granite 
mooDtains  on  either  side.  From  the  general  distribution  of  the  volcanic 
rocks,  as  well  as  from  facts  observed  elsewhere,  I  am  inclined  to  believe 
that,  before  the  ejection  of  these  immense  bodies  of  lavas,  there  was 
here  a  broad  valley,  through  which  the  drainage  of  the  upper  mount- 
ain-region to  the  eastward  found  its  way  out  to  the  great  basin  of  the 
Snake,  while  the  canon  by  which  it  now  escapes  through  the  high 
mountain-mass  south  of  the  T6tons  had  not  been  cut  down. 

Immediately  opposite  the  camp  at  the  mouth  of  Lake  Fork,  there  is 
a  considerable  cluster  of  dead  and  dying  hot  springs.  Several  mounds 
indicate  the  former  positions  of  geysers  of  considerable  size.  Tbe  temper- 
atures often  springs  were  taken  by  Mr.  Taggart,  varying  from  102^  to 
158<^.  Three  were  above  lolP.  The  deposits  are  now  rapidly  disintegrat- 
ing. Ui)on  one  large  conical  mound  this  process  had  developed  a  col- 
umnar or  fibrous  condition  of  the  geyserite.  Similar  spring-depovsits 
also  occur  on  the  west  side  of  the  rivei',  from  one  to  four,  miles  below 
this  camp,  and  some  of  the  mire-holes  so  common  in  tlie  Fire-Ilolo 
basins  were  also  encountered.  Upon  looking  back  from  below,  two 
large  columns  of  steam  were  seen,  about  a  mile  up  the  Beaver-Dam 
Creek,  which  seemed  to  indicate  the  i)ossibility  of  geysers  still  existing 
there.  The  lower  part  of  that  stream  was  full  of  purjile-uacred  wm/o8, 
apparently  like,  or  closely  allied  to,  those  found  in  the  branches  of 
Henry's  Fork. 

Along  the  east  side  of  the  river,  the  face  of  the  high  ridge  shows  the 
following  rocks,  according  to  notes  taken  and  specimens  brought  in  by 
Mr.  Taggart : — At  the  base  lie  about  200  feet  of  white  and  light-gray 
qnartzices,  overlaid  by  from  500  to  000  feet  of  light-drab  and  dark-gray 
limestones,  and  about  100  feet  of  gray  sandstones,  followed  by  heavy 
beds  of  red,  shaly  sandstones,  apparently  the  same  as  those  seen  higher 
up  the  river.  I  am  not  satisfied  as  to  the  age  of  either  the  limestone  or 
the  quartzite.  Tlie  ridge  is  capped  with  beds  of  ])orphyritic  tracthytes, 
having  a  dip  of  about  30°  to  the  southeast,  while  the  limestones  beneath 
dipalK)ut40o  in  the  same  direction,  showing  that  their  tilting  com- 
menced before  the  deposition  of  the  trachytes. 

The  main  trail  crosses  the  Snake  about  a  mile  below  camp,  and 
passes  over  the  hills  so  as  to  cut  oft'  a  considerable  bend  of  the  river. 
From  six  to  eight  miles  below  the  forks,  a  spur,  which  runs  nearly  to 
the  west  bank  of  the  river,  shows  a  high  bluft*  face  of  poq^hyritic 
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tracliyte.  Tlic  viilloy  is  liere  wide  and  flat,  mostly  marsby,  with  some 
lar<^('  bayous.  Tih'ie  are  considerable  areas  of  flue  graziug-grouiid  aud 
many  lar*re  patches  of  willows.  One  islaud-like,  ixK'ky  knob,  with  part 
of  the  first  terrace,  which  hsis  been  protected  by  it  from  erosion,  stands 
out  in  the  middle  of  the  valley,  about  a  mile  below  the  clifis.  The  river 
is  here  of  moderate  depth,  witli  a  bottom  of  small  ])ebbles  aud  muddy 
siiud,  liut  p)od  fords  are  few  and  mostly  diilicult  of  access  by  reason 
of  the  marshes  lK)rderin(^  the  stream,  so  that  the  nettessary  crossing  to 
the  east  bank  should  be  made  near  where  our  train  crossed,  unless 
special  reasons  take  one  down  the  west  side.  As  we  approach  the 
lake,  the  stream  gets  deeper  and  more  sluggish,  being  somewhat 
cheeked  by  the  back-water  of  the  lake.  Broad  marshy  flats  stretch 
back  from  "the  shore  of  the  lake  on  both  sides  of  the  river.  On  all  these 
Hats  we  find  an  abundance  of  *'  bitter  cottonwood,"  which  had  formed, 
higher  up,  only  a  very  small  part  of  the  timber-growth,  though  its  young 
plants  had,  for  the  last  fifteen  or  twenty  miles,  furnished  rapidly-increas- 
ing patches  of  yellow  and  pale-red  along  the  sloi)es,  thus  replacing,  in 
some  degree,  the  autumn-tints  of  the  hickories,  chestnuts,  and  maples 
of  more  eastern  regions,  while  a  small  mountain-ash  was  doing  its  best 
to  replace  the  deeper  crimsons  of  the  oaks  and  of  some  of  the  maples. 
The  development  of  these  tints  did  not  seem  to  be  at  all  connected  with 
any  special  increase  of  cold  ;  and,  indeed,  we  had  been  having  frequent 
freez(»s  all  the  summer,  without  any  apparent  effect  ui)on  the  vegeta- 
tion, which  seemed  to  be  accustomed,  as  the  grasshoppers  are,  to  l^ing 
frozen  up  every  night  and  thawed  out  ever>'  morning. 

The  Teton  liange  had  been  before  us  for  many  days  as  a  prominent 
features  of  the  landscape,  but  now  its  i^eaks  stood  up  as  the  features  of 
main  interest,  bounding  the  valley  on  the  west  with  a  series  of  roof-like 
ridges  and  pointed  peaks^  well  besprinkled  with  patches  of  snow. 
Farther  north  and  east,  we  had  been  having  pleasant  weather,  while 
this  portion  of  the  valley  had  several  successive  days  of  cloud  and  rain, 
as  reported  from  our  guide,  IJeaver  Dick,  who  met  us  again  here,  hav- 
ing crossed  from  the  valley  of  Henry's  Fork.  When  these  storms 
readied  the  higher  portions  of  the  mountains,  their  deposit  took  the 
form  of  snow,  so  that  the  drifts  were  now  much  larger  than  when  we 
St  I  nek  the  range  on  the  other  side,  in  July. 

On  September  21,  the  minimum  thermometer  recorded  4^^;  and  a 
ch^ar  sky,  with  cool  weather,  gave  us  unusually  fine  views.  The  peaks 
stood  out  sharply,  while  the  gaps  aud  canons  were  full  of  a  deep-blue, 
suK.ky  light,  which  would  touch  the  heart  of  the  least  artistic. 

On  the  northeastern  slopes  of  the  range,  several  hundred  feet  of  lime- 
stoiHvs  r(»])n\sent  the  Lower  and  Upper  Silurian  and  the  Carboniferous, 
as  on  the  other  side  of  the  range.  Their  area  here  is  limited,  and  has 
not  been  traced  to  its  abutment  against  the  volcanic  rocks,  which  till 
the  depression  to  the  northward.  The  range  is  much  fiatteued  and 
rounded  off  at  this  extremity ;  and  1  am  inclined  to  l>elieve  that  the 
granitoid  nucleus  declines  so  much  as  to  allow  of  the  connection  of  the 
liiiiestones  of  tln^  east  and  west  slopes  being  exposed  between  it  aiul  the 
volcanic  rocks.  At  least,  the  dips  indicate  that  such  .a  warped  connect- 
ion once  (»xisted  ;  and  1  shall  not  be  very  far  wrong  in  coloring  the  map 
according  to  that  supposition.  The  underlying  quartzite  (Potsdam  f) 
was  not  seen  here,  hut  is  juobably  in  place,  jxs  it  ap|)ears  a  few  miles 
farther  south.  Th(*  most  northern  large  canon  of  the  range  exposes, 
beneath  th(*  limestones,  a  heavy  body  of  dark  micaceous  gneiss,  with 
both  granite  and  quartz  veins.  The  local  dip  is  northeasterly;  but  the 
main  dip  of  the  metamorphic  rocks  here  is  southerly. 
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Along  the  shores  of  Jackson's  Lake  there  are  no  outcrops  which 
woqM  enable  one  to  decide  where  the  different  strata  lie ;  bat,  at  ito 
soQthorn  end,  there  are  high  knobs  of  porphyries  and  trachytes,  which 
indicate,  by  their  position,  at  least  a  tbriaer  connection  with  the  more 
northern  beds,  which  we  traced  to  within  five  miles  of  the  northern  end 
of  the  lake. 

Jackson's  Lake  is  a  very  irregular  body  of  water,  mnch  cut  up  along 
its  borders  by  long,  narrow  promontories  jutting  out  into  it  from  both 
sides,  and  containing  one  large  island,  which  nearly  separates  the  lake 
into  two.  The  main  lake  is  from  two  and  a  half  to  three  miles  wide, 
and  the  total  length  is  about  eight  miles.  In  the  soundings  taken  by 
Mr.  Adams,  the  greatest  depth  found,  258  feet,  was  about  a  mile  from 
the  western  shore.  The  series  of  soundings  was  far  from  complete,  by 
reason  of  a  squall  coming  down  from  the  Tctons  and  raising  dangerous 
waves,  so  that  they  had  to  give  up  the  rest  of  the  work.  The  lower 
slopes  of  the  more  northern  Tctons  come  sharply  down  to  the  lake  on 
the  we-st,  and  these  steep  slopes,  together  with  the  tangled  undergrowth 
of  willow,  Cottonwood,  mountain-ash,  and  iron-weed,  with  occasional 
box-elder  and  maple  and  some  tracts  of  fallen  timber,  make  passage 
along  there  difficult  for  a  train ;  but  its  other  shores  are  surrounded  by 
low  hills  and  by  broad  meadows,  largely  occupied  by  beaver-dam  and 
other  swamps.  These  flats  are  much  cut  up  by  bayous,  and  include 
several  ponds  of  considerable  size.  Others  c^re  found  among  the  rounded 
hills  of  gravel,  which  remain  from  the  upper  terrace  of  the  old  river- 
border.  Two  of  these,  lying  from  two  to  three  miles  east  of  the  outlet, 
toward  the  valley  of  Buftalo  Fork,  are  each  about  two  miles  long  by  a 
half  mile  wide.  They  apparently  oceupj"  portions  of  ancient  river-chan- 
nels. A  stream  of  about  the  size  of  Barlow's  River,  with  broad  gravel- 
bottom  and  rapid  current,  con)es  out  of  the  hills  opposite  the  lower  end 
of  the  lake  and  joins  the  Snake  just  after  it  has  escaped  from  the  lake. 

The  views  from  the  east  shore  of  the  lake  are  wonderfully  grand. 
The  Tetons  rise  majesticall}'  from  its  western  shore  to  the  height  of 
1,000  feet  above  its  surface,  with  sharp  slopes  and  walls  of  bare  rock 
above,  and  their  bases  buried  in  a  dark  mass  of  pine  and  spruce,  while 
at  this  season  (September  24)  their  snow-covered  summits  give  the  be- 
holder a  strong  sense  of  sublimity.  At  times  they  are  wrapped  in 
heavy  masses  of  cloud ;  l)ut  even  then  they  are  grand.  The  accompany- 
ing sketch  of  the  face  of  the  range,  as  seen  from  near  the  North  Gros 
Ventre  Butte,  has  been  cojned  from  Mr.  Bechler's  field-notes.     (Fig.  50.) 

A  few  miles  below  the  lake,  Buffalo  Fork  enters  from  the  east  through 
a  broad  valley  with  grassy  and  willow}-  bottoms,  bringing  a  very  large 
boily  of  water.  These  bottoms  contain  vSome  large  groves  of  Menzies's 
spruce,  (Abies  MenzicHii^)  whose  peculiar  cones  were  seldom  seen  else- 
where by  us.  Near  the  mouth  of  thcvstream  gray  and  buff,  line-grained, 
shaly  sandstones  of  indeterminat<^  age  dip  sharply  to  the  southeast, 
and  similar  rocks  appear  in  the  bed  of  Snake  Uiver,  at  the  ford  just 
alwve  the  mouth  of  Buffalo,  but  the  dii>s  are  hern  much  confused. 
Mr.  Bechler  followed  the  Buffalo  n<»arly  to  its  head,  and  reports  that, 
for  about  twelve  miles  from  its  mouth,  its  broad,  open  valley  shows  no 
rmrk,  but  has  rounded  slopes  covered  with  "quaking  asp,"  (/\>2>w/M>f 
tremuUyules^)  and  bottoms  full  of  beaver-danjs.  About  twelve  miles  up, 
the  valley  naiTows  to  a  canon  fiom  3*30  to  400  feet  dei»[)  by  from  50  to 
200  feet  wide,  for  about  three  miles,  with  coarse,  gray  santlstone  walls. 
About  one  and  a  half  miles  of  a  rounded  basin,  with  beaver-dams, 
then  intervenes  before  reaching  the  second  canon,  which  has  nearly  the 
same  character  as  the  first  and  is  about  two  miles  long.    A  broad  basin 
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Bucveeds,  trom  five  to  seven  miles  acroaa,  reflcliing  np  to  tbe  foot  of  the 
high  vertical  limestone- walls  of  the  maiu  divide  (T),  vhose  ragged  crest 
shows  plainly  fh>in  the  mouth  of  the  valley,  and  from  whose  many 
gorges  voDie  the  nnmeroas  small  spring-branches  which  form  the  main 
-  —  stream.  Besides  the  main 
fork,  seven  or  eight  large 
creeks  come  in  from  either 
side,  showing  that  the  basin 
as  a  whole  occapies  a  lai^ 
area,  and  its  anioant  of  wa- 
ter makes  this  one  of  the 
most  important  tribntaries 
of  the  Upper  Snake.  At 
this  season,  indeed,  it  car- 
rie«l  fully  two- thirds  as 
much  water  as  the  Snake 
itself.  About  the  month 
of  the  valley,  the  slopes  are 
^  covered  with  partially-ce- 
■3  nented  Post-Tertiary  sauds 
9  and  gravels,  with  occa- 
I  sional  exposares  of  white 
^  marly  clays,  supposed  to 
■^  be  of  tho  same  ago,  though 
"^  DO  fossils  were  seen.  The 
s  gray  sandstones  of  the 
3  canons  are  plainly  the  con- 
-|  tinuationof  theTertiary(l) 
I   beds    of    Barlow's    Biver 

1  directly  to  the  northward ; 
^  and  tlie  limestones  of  the 
;:,  high  cliffs  at  the  head  of 
%    tho  valley  are  probably  of 

2  QiiebecGronpage,perhaps 
I  capped  with  Carboniferous. 
n  A  small  bit  of  fiue-grained, 
fl  compact  sandstone,  fouud 
g  loose  on  the  rubbish-slope 
I'  near  the  top  of  the  moun- 
R  tain  by  Mr.  Brown,  con- 
I  tflins  fragments  of  some 
a  thirty  trilobites  of  the  gen- 
e"  era  Omoeoryptte  and  -Dicel 

locepluilm  ^?). 

Snake  Itivcr  escapes  from 
Jackson's  Lake  at  its  south- 
eastern angle  and  runs  oil 
eastward  to  the  valley  of 
Butl'alo  Fork  before  renew- 
ing its  southerly  course. 
Yet,  from  the  top  of  the 
butte  at  the  mouth  of  the 
lake,  it  is  plainly  seen  that 
a  broad  \'alley  extends 
directly  southward  from 
the  southern  extremity  of 
the  lake ;  and  it  at  once 
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becomes  a  qaestioD  why  the  river  has  thus  deserted  its  own  proper  valley 
md  has  turned  off  so  far  to  the  east  to  find  another  outlet.  Four  old  ter- 
races are  strongly  marked  along  the  river,  and  the  third,  above  its  present 
level,  forms  broad  plaius,  on  both  sides  of  the  river,  below  the  mouth  .of 
Buffalo.  Moreover,  the  old  river-gravel,  cousisting  mostly  of  quarUites, 
runs  to  the  top  of  the  island  like  knobs  in  the  center  of  the  valley  as 
well  as  of  some  of  the  hills  which  border  it.  Crossing  westward  over 
these  broad  plains,  which  are  Diostly  covered  with  sage-brush,  except 
about  the  isolated  ponds,  which  seem  to  give  evidence  that  much  of  this 
thirtl  terrace  has  been  worked  over  by  the  river  and  cut  up  by  bayoUvS, 
we  cross  a  narrow  belt  of  spruces  covering  the  surface  of  the  fourth  ter- 
race, and  then  descend  to  the  old  deserted  channel  of  the  river,  which  is 
nearly  on  a  level  with  the  third  terrace.  Crossing  this  valley  directly 
toward  the  mountain,  we  come  at  once  to  a  series  of  high,  steep,  narrow 
ridges,  covered  with  immense  masses  of  granite  and  heavily  timbered. 
Within  the  hist  of  these  concentric  ridges,  we  come  to  a  small  lake,  lying 
at  the  mouth  of  a  deep  canon  which  runs  far  back  into  the  mountain  ;  and 
here  at  last  we  have  the  clew  to  the  mystery.  This  canon,  like  all  the 
othei  largo  ones  of  this  range,  was  occupied  by  a  glacier,  whose  termi- 
nal moraines  now  hem  in  this  lake;  and,  though  the  old  river- valley 
seems  to  have  been  not  fully  blocke<l  up  by  the  flow  of  siU  which  passed 
beyond  the  moraines,  so  that  its  general  features  are  still  plainly  marked, 
yet  it  is  evident  that  the  deposition  which  caused  its  bottom  to  slope 
from  west  to  east  so  much  as  we  now  find  it  to,  was  suflicieut  to  con- 
siderably deLiy  the  wearing  down  of  this  channel.  The  canon  next  north 
of  this  was  also  occupied  by  a  glacier — a  moraine-dammed  pond  will 
probably  be  found  in  the  mouth  of  it — and  doubtless  its  debris  aided  in 
checking  the  erosion.  At  that  time,  the  flow  of  water  through  all  this 
region  was  much  greater  than  nt  present,  and  the  duplicating  of  chan- 
nels in  the  broad  bottom  was  far  from  being  uncommon.  If  a  channel 
had  then  joined  the  eastern  streams,  though  only  as  a  bayou  in  time  of 
flood,  there  was  reason  for  its  being  ultimately  cut  down,  so  as  to  drain 
the  western  channel,  which  is  the  true  valley  of  the  Snake.  The  sum- 
mit of  the  highest  and  outermost  moraine  is  partly  covered  with  river- 
gravel,  as  if  the  stream  had  at  least  once  reached  this  height  after  the 
glacier  began  to  recede.  This  crest  is  122  feet  above  the  bottom  of  the 
adjoining  part  of  the  old  river-channel,  222  feet  above  the  present 
level  of  the  included  lake,  and  3(>C  feet  above  Jackson's  Lake.  These 
and  other  levels  across  the  valley  were  taken  at  my  request  by  Mr.  Ber- 
ing, who  has  furnished  the  data  for  the  accompanying  section  from  the 
lake,  across  the  old  channel  and  the  present  one  of  Snake  River,  to  the 
eastern  hills.  The  length  of  the  section  is  so  great  that  it  became  necessary 
to  distort  it  by  increasing  the  (elevations  considerably  beyond  their  pro- 
I)ortional  size.  (Fig.  51.)  We  have  called  this  lake,  which  is  about  two 
miles  long  by  a  half  mile  wide,  Leigh's  Lake,  after  our  guide,  Richard 
Leigh,  (Beaver  Dick.)  It  a|:)pears  to  be  mostly  shallow,  and  has  a  small 
island  near  its  center.  Can  it  be  possible  that  the  glacier,  which  was 
formed  by  the  flow  from  two  canons  whose  junction  is  only  a  very  short 
distance  above  the  lake,  split  again  after  it  emerged,  so  as  to  leave  this 
island  unerodedf  No  si>ecial  depression  of  the  moraines  opposite  the 
island  was  noticed;  but  examinations  just  at  that  point  were  not  care- 
fully made.  On  the  other  hand,  if  we  ])avss  to  the  north  end  of  the  lake, 
we  find  a  flat  divide,  not  5  feet  above  its  level,  and  less  than  a  hundred 
yards  across,  which  separates  it  from  a  large  beaver-pond,  whose  waters 
escape  through  two  or  three  other  ponds  and  marshes  to  the  head  of 
Jackson's  I^ke.    A  very  trifling  cut  would  thus  give  the  lake  a  second 
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of  tlie 
sde  of  thcr  iluce  pnodpal 
»  iMff  faHim  w  the  Thiee 
TeUHift.  The  vTiterof  tlMse  nowitiiii- 
sxrcams  is  so  poe  as  to  make  it  cer- 
tain ikax  iKH  the  kaat  gbcial  enxsioD 
is  DOT  £!oai«:  OQ  at  aav  point  oo  the 
nm^.  Hkw^  uny  schists  occur 
in  tlKr  BK4UitaiBS»  veir  ftw  of  them 
have  eoDtiiboccd  to  f he  terminal  mor- 
aines^  nearly  eveiTthin^  except  the 
granites  having  been  groand  or 
veatkered  fine  daring  the  downward 
passage.  The  mcwaines  aboot  Jennies 
Lake  are  not  very  largely  developed; 
possibly,  the  more  abundant  flow  of 
water  from  beneath  this  glaeieri  con- 
seqaent  upon  tbe  grvater  size  of  its 
ba>2ii,  washed  away  tbe  dtbrU  from 
here  luore  thoroaghly  than  was  done 
el^ewbe^e,  At  two  other  caiioDS,  far- 
ther south,  similar  lakes  oeear.  The 
more  northern  of  the  two,  which  we 
have  calieil  Taggart*s  Lake,  is  sur- 
rounded by  five  concentric  moraines, 
the  elevations  of  which  above  tbe  old 
river-channel,  which  glasses  just  out- 
side of  them,  were  taken  by  Mr.  Tag- 
gart.  as  follows :  The  outer  one,  162 J 
feet;  second.  206  feet;  third,  271  feet; 
fourth,  316  feet;  filth,  422  feet.    The 
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present  level  of  the  iucluded  lake  was  found  to  be  249  feet  above  datum. 
The  last  of  this  series  of  lakes,  which  we  have  called  Phelps's  Lake, 
after  a  hunter  of  the  region,  who  had  seen  and  reported  it,  is  hemmed 
in  by  three  moraines,  according  to  Mr.  Taggart,  the  outer  one  162  feet, 
the  second  244  feet,  and  the  third  287  feet  above  the  lake  itself,  there 
being  no  special  surface-feature  near  the  moraines  on  their  outer  side 
to  which  to  refer  these  levels,  as  to  a  recognizable  base.  In  this  last 
case,  the  canon  forks  above,  and  the  two  arms  extend  in  opposite  direc- 
tions along  the  line  of  separation  between  the  granites  and  the  flanking 
limestones.  Each  of  the  two  glaciers,  therefore,  gathered,  from  the  rocks 
overhanging  it,  granites  on  one  side  and  limestones  on  the  other,  so 
that,  after  their  junction,  the  central  moraine  of  the  united  glacier  con- 
sisted of  limestone,  and  we  find  small  fragments  of  limestone  filling  the 
low  central  portion  of  the  terminal  moraine,  while  its  high  flanks,  which 
received  the  material  of  the  lateral  moraines,  are  composed  of  the 
granites,  which  are  less  easily  disintegrated,  and  are  therefore  mostly  in 
large  bowlders.  No  remnants  were  anywhere  seen  of  any  lateral  moraine 
deposits  along  the  courses  of  the  glaciers.  It  is  possibie  that  such  may 
be  found  by  more  careful  search,  but  the  slopes  are  here  so  steep  that 
most  of  their  lower  portions  are  buried  in  the  tumbling  rubbish,  so  that 
we  can  have  little  expectations  of  such  a  discovery  being  made. 

A  little  south  from  the  second  large  caiion  south  of  Mount  Ilayden, 
the  limestones  come  forward  to  the  front  of  the  mountain,  above  the 
granites,  which  shortly  afterward  disappear  from  sight  altogether.  The 
length  of  the  exposure  of  the  granitic  nucleus  of  the  range  is  about 
thirty  miles. 

About  eight  miles  below  Leigh's  Lake,  its  outlet,  which  we  have  called 
East  Teton  River,  enters  the  Snake.  A  hundred  yards  back  from  the 
opposite  bank  stands  a  high,  rocky  butte,  known  as  North  Gros  Ventre 
Butte.  Its  northern  end  consists  mainly  of  Carboniferous  limestone, 
dipping  about  70^  N.  56°  E.,  and  containing  many  characteristic 
fossils.  Along  the  west  face  of  the  butte,  none  of  the  lower  rocks  are 
visible,  being  buried  under  the  Post-Tertiary  whitish  sandstones  and 
marls,  inclosing  fragments  of  limestone  and  chert,  but  no  fossils,  of 
which  all  the  southern  part  of  the  butte  is  composed ;  but,  near  the 
northeast  corner,  the  lower  i)art  of  the  series  of  older  limestones  presents 
the  conglomeratic  texture  so  characteristic  of  the  Quebec  Group,  on  the 
west  side  of  the  Teton  Range  and  elsewhere,  and  it  is  probable  that 
they  represent  that  group,  though  no  fossils  could  be  found.  Benc'ath 
this  we  find  gray  quartzitic  sandstones,  which  are  probably  of  Potsdam 
age. 

This  butte  stands  near  the  middle  of  the  broad  basin  which  has  long 
been  known  by  the  barbarous  name  of  Jackson's  Hole.  This  has  a  length 
of  about  twenty  miles,  and  varies  from  five  to  ten  miles  in  width.  This 
includes  portions  of  the  different  terraces,  all  of  which  are  more  or  less 
covered  with  sage-brush.  Near  the  butte,  large  areas  of  the  sage  had 
been  burned  off,  and  the  grasses  had  grown  up  densely,  forming  fine 
pasturage;  and  on  these  we  again  encountered  antelope,  which  had  not 
before  been  seen  by  us  since  we  entered  the  Upper  Madison  Canon.  It 
is  said  that,  during  the  winter,  when  the  grass  is  covered,  they  live  upon 
the  sage  itself.  This  plant  was  now  full  of  seeds,  and  the  innumerable 
little  chipmunks  which  burrow  in  the  plains  and  hills  were  busy  gather- 
ing them,  biting  off  the  long  spikes  and  stripping  them  from  end  to 
end,  passing  them  back  and  forth  through  the  mouth,  as  one  would  an 
car  of  com. 

The  pebbles  of  the  terrace-^gravel  have  thus  far  been  mainly  quartzites. 
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and  still  continue  snch  on  tbe  east  side  of  the  basin ;  but,  nearer  the 
western  range,  considerable  proportions  of  granite  and  gneiss  pebbles 
are  no>y  mingled  with  them.  A  considerable  excitement  was  stiri-ed  up, 
a  tew  years  since,  by  reported  discoveries  of  placer-gold  in  large  quan- 
tities on  the  Upi>er  Snake,  and  many  prospectors  visited  this  region. 
A  small  hydraulic  operation  was  undertaken  near  this  point;  but  the 
gold  was  too  tine  and  in  too  small  quantities  to  pay,  and  the  whole 
region  was  entirely  abandoned  after  a  few  months.  The  coarse  gohl, 
found  on  the  lower  part  of  the  Snake,  appears  to  have  entered  the  river 
below  the  canon,  which  is  still  to  the  southward  of  us. 

The  Gros  Ventre  Fork  emerges  from  the  eastern  hills  about  opposite 
the  North  Butte,  but  runs  off  down  the  valley,  some  eight  or  ten  miles, 
before  joining  the  Snake.  Passing  up  its  canon  for  a  short  distance,  the 
following  section  was  taken : 

1.  White,  friable,  false-bedded  sandstones,  10  feet. 

2.  Covered  space,  about  100  feet. 

3.  Irregularly-bedded,  pale  gray  and  buff,  magnesian  limestones,  50 
to  GO  feet. 

4.  Pale-red  friable  sandstones,  darker  and  shaly  below,  300  to  350 
feet. 

6.  Compact,  line-grained,  gray  sandstone,  15  to  20  feet. 

6.  Brown,  coarse,  friable,  false  bedded  sandstone,  60  to  80  feet. 

7.  Coarse,  friable,  red  sandstone,  40  to  50  feet. 

8.  Compact,  dark-drab,  fossiliferous  limestones,  300  to  400  feet. 
Xear  the  mouth  of  the  canon,  the  Carlwniferous  limestones  of  No.  8 

form  the  walls,  capped,  as  we  ascend,  by  !Nos.  7  and  6.  As  these  pass 
below  the  stream's  level.  No.  5,  which  forms  the  top  of  what  I  8upi)08e 
to  be  Carboniferous,  commences  a  new  cliff,  and  is  covered  by  the 
Triassic  (?)  beds  of  No.  4,  which  form  prominent  red  bluffs  along  the 
stream  for  many  miles.  The  compact  to  vesicular,  variously-colore<l 
and  partly  bituminous  limestones  of  No.  3  showed  no  fossils,  and  I  am 
uncertain  whether  to  refer  them  to  the  Triassic  or  to  the  Jurassic,  but 
favor  the  latter  reference.  The  covered  s[)ace  of  No.  2  showed  nothing 
from  wliich  one  could  even  infer  the  character  of  the  buriexl  strata. 
The  friable  sandstones  of  No.  1,  which  cap  the  hills  for  some  miles,  are 
probably  late  Tertiary.  The  dips  of  their  false  bedding  imply  an  open 
sea  to  the  northward  during  their  deposition,  while  those  of  No.  G  face 
eastward  and  southeastward.  The  lower  beds,  which  should  make  their 
ap[>earance  along  the  face  of  the  mountain  to  the  south  of  the  Gros 
Ventre,  are  so  much  covered  with  the  partially-cemented  Post-Tertiary 
sands  and  gravels  a«  to  be  not  readily  recognized  from  the  plain,  and 
time  did  not  permit  a  closer  examination.  Judging  from  the  dips  of  the 
lowest  beds  seen,  I  should  expect  to  find  here  the  lowest  Silurian,  under- 
laid by  nietatnorphic  rocks,  forming  an  axis  which  may  connect  the 
Tetons  with  the  Wind  River  Kange. 

Just  south  of  the  mouth  of  the  Gros  Ventre,  on  the  east  side  of  the 
Snake,  stands  a  cluster  of  buttes,  known  as  the  South  Gros  Ventre 
Buttes.  The  western  one  has  a  high,  broad  northern  face  of  red,  gray, 
black,  brown,  and  variegated  pori)byritic  breccias,  including  much 
jasi)er,  but  partly  porous,  loose-textured,  and  even  ashy.  The  beds  are 
much  distorted,  but  have  a  general  northwesterly  dip.  The  lower  end 
of  the  butteis  tapering,  long  and  low,  and  appears  to  consist  mostly  of 
Post-Tertiary  sands  and  gravels.  At  its  southern  extremity  it  rises 
quickly  into  a  sharp  butt(»,  composed  of  horizontal  beds  of  gray  lime- 
stone, unfossililerous,  but  apparently  of  Carboniferous  age.  The  same 
beds  form  the  fa<;e  of  the   mountain   to   the  eastward.    Three  other 
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bottes  lie  east  of  the  more  uorthem  part  of  this  one,  and  evidently 
originally  formed  one  with  it. 

These  buttes  greatly  narrow  the  plain,  which,  immediately  below 
them,  expands  into  Jackson's  Little  Hole,  whose  flats  are  mainly  ui)on 
the  east  side  of  the  river  and  measure  about  four  miles  wide  by  per- 
haps ten  miles  long.  Here,  also,  the  sage  has  been  burned  off  and  re- 
placed by  grass.  For  several  miles,  from  above  the  month  of  the  Gros 
Ventre,  the  river  has  gravelly  bottoms  from  half  a  mile  to  three-fourths 
of  a  mile  wide,  cut  up  by  the  several  channels  and  partly  occupied  by 
beaver-dams.    Of  course,  fords  are  numerous. 

The  only  practicable  pass  across  the  Teton  Range,  so  far  as  known,  is 
about  opposite  to  these  South  Buttes;  and  our  main  party  left  the  river 
at  this  point  Mr.  Taggart  reports  both  8loi)es  of  the  pass  tolerably 
regular  and  gentle,  except  for  a  short  distance  just  at  the  summit,  but 
that  the  eastern  is  somewhat  the  steeper.  The  Carboniferous  limestones, 
which  were  the  only  rocks  noticed  until  the  summit  was  passed,  are 
nearly  horizontal,  have  only  a  slight  southerly  or  southeasterly  dip ;  but, 
in  descending  the  western  sloi>e,  this  dip  increases  to  about  45<^ ;  and 
overlying,  red,  shaly  sandstones,  probably  of  Triassic  age,  appear  at  one 
point  on  the  trail,  while  limestones,  apparently  those  previously  referred 
to  the  Upper  Silurian,  form  considerable  cliffs  or  spurs,  a  short  distance 
to  the  northward.  There  would  seem  to  be  considerable  displace- 
ment thereabout.  The  porphyries  of  Pierre's  Hole  appear  at  the  mouth 
of  the  pass,  at  the  elevation  of  about  7,000  feet,  and  form  all  the  foot-hills 
of  the  mountains  on  the  southwest  side  of  tliat  basin,  until  the  actual 
bottoms  of  the  Snake  are  approached,  where  the  basalt  appears.  The 
track  of  the  party  lay  so  far  out  in  the  basin  that  there  was  little  or  no 
opportunity  for  examining  the  character  of  anything  more  than  the 
foot-hills  of  the  western  mountains. 

At  the  lower  end  of  Jackson's  Little  Hole,  the  so-called  Grand  Canon 
of  the  Snake  commences.  The  river  turns  sharply  to  the  eastward  and 
cuts  through  the  laminated  sandstones  which  ai)parently  overlie  the 
Carboniferous  limestones.  Just  at  the  month  ot  the  caiion,  the  upper 
terraces  close  in,  and  are  capped  by  bastioned  walls,  100  feet  or  more  in 
height,  of  a  pale-red  sandstone,  overlaid,  as  we  see  in  looking  back  from 
lower  down  the  caiion,  after  this  turns  south  again,  by  heavy  beds  of 
dark-red,  shaly  sandstone,  appearing  like,  and  occupying  nearly  the 
relative  position  of,  the  Triassic  (I)  on  the  Gros  Ventre,  except' that, 
below  them,  there  come  in  several  hundred  feet  of  thick  and  thin  bedded 
and  shaly,  gray  and  green  sandstones,  with  interlaniinated  calcareous 
shales.  These  contain  plant-remains,  but  so  thoroughly  comminuted 
that  I  wasnotable  to  find  a  single  re(?ognizable  fragment.  At  the  angle  of 
the  caiion,  these  dip  strongly  to  about  N.  78^  E.,  and  a  long  section  of 
them  is  exposed  on  the  east  side  of  the  stream ;  but  in  about  a  half  mile 
thev  become  horizontal,  and,  again,  a  mile  lower,  at  the  mouth  of 
Hoback's  River,  dip  10°  to  about  S.  63o  W. 

Hoback's,  so  named  for  a  hunter  of  the  Pacific  Fur  Company  in  1812, 
by  Mr.  Wilson  G.  Hunt,  as  reported  in  Irving's  Astoria,  brings  in  a 
large  volume  of  water  from  the  eastward  and  plainly  drains  a  large 
area  upon  the  western  sloi)e  of  the  Wind  River  Mountains.  Its  valley, 
though  narrow  near  its  mouth,  was  at  one  time  the  favorite  route  for 
the  Indians  in  crossing  to  the  Green  River  Valley ;  but,  latterly,  they 
have  preferred  the  Gros  Ventre  route  for  some  reason.  The  red  beds 
hold  a  prominent  place  near  the  top  of  the  high  cliffs,  for  a  half  mile  or 
more  above  the  forks,  bat  the  valley  is  too  winding  to  give  much  of  a 
view.    Just  below  here,  a  strong  creek  comes  in  from  the  west,  ax)par- 


268       GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 

eiiily  draining  a  considerable  area  of  the  mountain.  It  approaches  the 
liver  by  a  succession  of  cascades  over  successive  layers  of  the  sand- 
stones. As  wo  descend  the  river,  these  l)ed8  come  up  in  two  anticlinals, 
one  low  and  flat  and  the  second  mountainous,  with  dips  reaching  70^, 
and  couiiiig  down  steeply  to  the  river  on  both  sides.  The  axis  of  the 
second  anticlinal  is  occupied  by  a  narrow  fold  of  limestone,  through 
which  escape  several  warm  springs.  A  small  cluster  of  these,  escaping 
among  the  gravel  in  the  edge  of  the  river,  on  the  south  side,  emit  an 
abundance  of  sulphureted  hydrogen.  Though  somewhat  mixed  with 
the  river-water,  they  gave  a  temperature  of  IIT^.  About  a  hundre<l 
yards  below  this,  a  group  of  calcareous  springs  has  built  up  a  dam  of 
tuff,  so  as  to  flood  several  acres  about  the  vents,  which  are  now  inacces- 
sible. The  general  flow  from  the  pool  gave  a  temperature  of  94P.  Just 
opi)osite  these  springs,  in  the  lower  part  of  the  sandstones,  as  they 
re  a[)pear  on  the  west  side  of  the  anticlinal,  there  are  exposures  of  two 
or  three  heavy  beds  of  black,  calcareous  shale  and  friable  clay,  with 
sonic  harder  bituminous  mud-stones,  which  appear,  from  short  distances, 
precisely  like  CM)al  outcrops.  Fragments  of  teeth  and  bones,  probably 
belonging  to  amphibians,  occur  in  these  layers.  Above  them  there  are 
some  thick  beds  of  chert. 

Here  the  river  turns  south  again,  and  runs  for  about  two  miles  along 
the  west  side  of  the  anticlinal,  with  sharp  slopes  on  either  banks.  Turn- 
ing west  again,  we  cross  three  anticlinals,  in  the  third  of  which  consid- 
erable displacement  has  taken  place,  so  that  the  Carboniferous  comes 
boldly  up,  and,  after  this,  forms  the  mass  of  the  mountain  clear  through 
the  canon.  The  lower  portion  of  these  beds  consists  largely  of  sand- 
stones and  shales,  though  including  heavy  beds  of  limestone ;  higher 
up,  the  limestones  foini  a  heavy  mass  for  several  hundred  feet,  partly 
compact,  partly  fragmentary,  overlaid  Anally  by  more  shaly  beds, 
making  a  total  thickness  of  2,000  feet  or  more.  A  lew  fossils  of  the 
genera  t^plvifer^  Macroclieilns^  and  Zaphreiitis  were  seen  in  the  debris. 
The  lower  layi»rs  weather  to  nearly  white,  while  the  upper  ones  are 
strongly  buff.  All  through  this  series,  the  canon  is  narrow,  with  steep, 
often  peri)endienlar,  slopes  and  hardly  any  bottoms.  The  river  mainly 
oc(tui)ies  a  deep  channel,  with  a  broad  slielf  of  rock  on  one  or  both 
sides,  which  is  barely  covered  at  this  season.  Crossing  would  be  impos- 
sible without  swimming  the  stock.  Many  of  the  steep  slopes  are  covered 
with  spruces,  and  their  angular  tops,  lapping  over  each  other,  on  the 
oi)posite  side  of  the  canon,  give  the  ettect  of  diamond-slating  on  a  roof, 
thoujih  with  the  angles  reversed.  Upon  these  limestones  we  begin  to 
find  again  great  numbers  of  the  small  maples  seen  farther  south.  These 
are  said  by  the  hunters  to  be  somewhat  on  the  increase  in  this  region. 

About  ten  miles  through  these  limestones  bring  us  to  the  mouth  of 
the  cafion.  Through  much  of  its  upper  course  the  stream  is  quite  rapid, 
an<l  almost  deservtvs  the  name,  !\Iad  River,  applied  to  this  ])art  of  it  by 
the  early  trappers;  but  there  is  little  that  would  have  proved  trouble- 
some to  experienced  voijatjeurs^  and  probably  none  that  would  prove 
really  dangerous.     (See  Irving's  Astoria,  chapter  xxxi.) 

The  teriaces,  though  only  fragmentary  through  the  canon,  now  spread 
out  into  broad  sage  covered  fiats  on  either  side  of  the  river,  and  the 
higher  slopes  become  much  more  rounded.  Just  at  the  mouth  of  the 
canon,  rJoliii  Clray's  Iviver,  which  heads  tar  to  the  south,  on  the  divide 
toward  I  JearKiver,  comes  from  the  southeast,  through  the  same  mountain- 
mass,  and  witJj  apparently  just  such  a  canon  as  the  one  we  have  just 
left.     At  its  mouth,  a  heavy  mass  of  cemented  bedded  gravel  shows 
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down  Stream  dips  of  17°,  apparently  implying  great  rapidity  of  current 
over  a  rapid  into  a  deep  ik)o1  at  some  former  period. 

About  two  miles  below,  Salt  River  also  enters  the  Snake,  through  a 
broad-terraced  valley,  which  looks  as  if  it  were  really  the  continuation 
of  the  lower  valley  of  the  Snake.  But  for  misinformation  as  to  dis- 
tances, wo  should  have  explored  this  valley  up  to  the  salt-works  before 
descending  the  Snake.  It  seems  to  afford  an  easy  passage  through  a 
valuable  region.  The  canon  through  which  we  had  just  come,  though 
having  a  reputation  for  very  difficult  traveling,  was  passed  by  us  with 
ease,  and  really  presents  but  very  slight  obstacles  to  building  a  railroad, 
if  one  were  desired  from  this  point  to  Yellowstone  Lake  or  beyond,  or 
merely  to  give  convenient  access  to  the  rich  basins  of  Jackson's  Hole 
and  Little  Hole.  Furthermore,  a  road,  reaching  this  {mut  from  either 
the  lower  or  the  upi>er  Bear  River  Valley,  would  have  then  the  alterna- 
tion of  passing  down  the  Snake  with  easy  grades  to  the  east  side  of  the 
valley  of  Henry's  Fork,  with  the  advantage  of  crossing  the  river  where 
its  channel  i^  narrow  and  its  banks  far  above  any  Hoods. 

The  Snake  here  turns  sharply  northward  into  the  continuation  of  the 
valley  of  Salt  River,  with  high  mountains  of  Carboniferous  limestones 
on  the  east,  showing  some  castellated  walls,  and  lower  and  more 
rounded  ones  on  the  west.  Two  or  three  miles  below  the  moutli  of  Salt 
River,  a  small  stream  from  the  west  was  thick  with  mud  from  the 
Caribou  gold-washings. 

The  valley  is  here  located  by  an  anticlinal  fold;  and  the  nearly  ver- 
tical limestones  of  its  axis  are  linely  exposed  along  the  foot  of  the  west- 
ern hills.  Here,  also,  is  located  a  cluster  of  warm  springs,  making  cal- 
careous, sulphurous,  and  saline  deposits.  The  largest  spring,  the 
Wiish-tub,  Las  built  up  a  flaring  table,  1  foot  high,  of  an  oval  form, 
measuring  about  4J  by  7^  feet,  upon  a  mound  consisting  of  calcareous 
mud,  scarcely  solidified,  ot  from  5  to  7  feet  above  the  creek-bottom  in 
which  it  stands.  The  central  table  has  contracted  so  as  to  crack  across 
diagonally,  and  the  flow  now  escapes  at  its  western  base,  depositing  a 
fine  mud  tinged  in  the  full  pools  with  a  faint  sulphur-yellow,  but  pure 
white  In  the  dry  ones.  These  pools  cover  the  mound  in  descending 
steps  of  great  beauty.  The  i)resent  flow  is  southward,  though  it  has 
been  on  all  sides  in  succession.  The  dei)osit  on  the  surface  of  the 
mound  is  still  very  soft,  and  showed  at  the  time  of  our  visit  (October  G) 
the  tracks  of  a  small  bear,  who  had  recently  investigated  the  wonders 
of  the  mound,  even  setting  his  toot  on  the  central  table.  One  mound, 
no  longer  active,  is  5  feet  high,  with  a  circular  base  of  about  5  feet 
diameter  and  an  oval  summit  of  about  1  foot  by  G  inches.  Many  small 
springs  escape  along  the  bank  for  a  hundred  yards  or  more.  The 
deposits  vary  greatly  in  color.  At  some  points,  the  odors  of  sulphurous 
acid  and  of  sulphureted  hydrogen  were  quite  noticeable.  Tlie  older 
deposits  have  built  up  a  bank  10  feet  high,  along  the  base  of  the  terrace ; 
and  tlie  beavers  have  taken  possession  and  have  dammed  up  on  it  the 
waters  of  the  cold  springs  which  flow  from  the  second  terrace  at  short 
intervals  along  this  plain.  On  the  opposite  shore,  two  considerable 
springs  have  built  up  their  deposits  against  the  foot  of  the  mountain, 
one  of  which  api)ears  to  be  nearly  dead.  The  highest  temperature 
observed  here  was  144P.  The  Wash-tub  gave  142^  and  others  142^, 
140O,  9(>o,  880,  &c. 

The  deep  channel,  seen  through  all  the  lower  part  of  the  caiion,  (con- 
tinues for  several  miles  down  the  valley,  and  fords  are  at  all  points 
much  rarer  than  in  the  upper  valley.  The  stream  is  narrower  on  the 
average,  and  the  amount  of  water  has  been  much  increased. 
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As  the  valley  turns  westward,  it  beoomes  somewluitiuiRawar;  and 
laminated  porphyritic  trachytes  appear  on  the  northeastern  sidei' at  first 
capping  the  spurs  like  isolated  forts,  and  then  fiH^ming,  as  it  were,  a  row 
of  casemates  just  below  the  crests  of  the  hills.  At  two  ixnnts  this  rock 
descends  nearly  to  the  water's  edge;  bnt  the  valley  soon  opens  pat 
again,  with  broad  bottoms  on  the  east  for  several  miles,  to  opposite  the 
mouth  of  Fall  Creek,  where  basalt  appears  upon  the  eastern  side  as  it 
had  done  on  the  western  some  miles  higher  np.  The  upper  part  of  this 
valley-flat  is  covered  with  sage-brush,  bnt  the  lower  half  is  foil  of  the 
richest  of  pasturage,  except  only  such  portions  as  are  occnpied  by 
beaver-dams  and  bayous.  Along  these  water-courses,  large  thickets  of 
black-haws  were  most  thickly  covered  with  ripe  fruit,  but  the  crop  of 
service-berries  was  almost  an  entire  failure  in  all  this  region.  At  sev^ 
eral  points  we  noticed  tlie  abundant  rose-bushes  covexed  wiUi  hips, 
which  were  so  soft  when  ripe  as  to  have  the  translucent  appearance  of 
berries  and  to  be  very  pleasant  eating.  This  did  not  appear  to  be  a 
specific  character,  bnt  was  probably  consequent  upon  th^  shortness  ot 
the  season,  which,  after  the  f^uit  is  well  developed,  prevents  the  seere- 
tiou  of  the  large  amount  of  woody  fiber  which  elsewhere  commonly 
forms  so  bard  a  covering  to  the  rose-hips.  All  through  the  caAon,  as 
well  as  along  this  lower  valley,  we  noticed  innumerable  young  plants  of 
the  lupines,  which  abound  in  this  region,  prepare  to  make  vigorous 
growth  as  soon  as  the  short  summer  opens. 

Fall  Creek  heads  some  miles  to  the  southward,  in  John  Qray'^  Lake, 
near  the  Caribou  mines,  and  here  leaps  into  the  river  over  a  terrace  of 
basalt  perhaps  30  feet  high,  forming  a  very  pretty  fall,  whldi  has  given 
the  local  name  to  the  stream.  A  short  distance  below,  we  forded  with 
difficulty,  the  water  coming  over  our  saddles.  From  this  point  the 
basalt  lines  both  sides  of  the  river,  with  very  slight  exceptions,  to  the 
Great  Snake  River  Basin,  and,  according  to  report,  to  the  Columbia. 
About  four  miles  below  Fall  Biver,  these  basalt- walls  close  in  the  river's 
edge  and  form  the  lower  caiioD.  At  this  point,  two  distinct  beds  of 
basalt  api)ear,  separated  and  underlaid  by  be<ls  of  river-sand,  partly 
loose  and  neariy  white,  partly  dark  greenish  and  rusty  brown,  and  con- 
siderably cemented  with  iron.  These  sands  include  great  numbers  of 
I>6bbles  of  basalt  partly  rounded.  At  one  point,  the  lower  bed  of  basalt 
slopes  eastward  at  an  angle  of  about  15^,  indicating  a  probable  source 
of  flow  situated  in  the  mountains  to  the  southwestward,  though  possibly 
due  rather  to  upheaval.  At  another  point,  the  basalt  is  curved  above 
beds  of  siuul  and  gravel  having  a  curved  surface,  which  plainly  formed 
a  bar  in  the  old  river-bed.  These  deposits  spread  up  against  the  edges 
of  liniestones  and  sandstones  of  the  mountains  on  either  side. 

At  the  base  of  the  mountain  on  the  southwest  side  of  the  valley,  just 
above  the  head  of  this  lower  caiion,  calcareous  deposits,  from  now  extinct 
springs,  form  a  heavy  mass,  reaching  about  100  feet  up  the  mountain 
side.  A  small  butte,  nearly  separated  from  the  mountain  behind, 
divides  from  the  main  valley  the  basin  of  a  small  stream  which  goes  by 
the  name  of  Swan  Valley.  The  base  of  these  western  mountains  is  eora- 
l)osed  of  gray  quartzites,  followed  by  coarse  and  fine  white  sandstones, 
and  a  very  fine  grained  white  doloniitic  limestone,  all  of  uncertain  age, 
thongli  older  than  the  overlying  limestones,  which  contain  a  few  Car- 
boniferous fossils.  The  dips  are  sharp  to  the  southwest,  and  the  wash 
of  the  stream  brings  down  fragments  of  red  sandstone,  which  indicate 
that  the  higher  beds  here  occui)y  their  regular  position. 

The  lower  caiion  is  walled  with  basalt  for  from  200  to  400  feet,  in 
many  places  perpendicularly,  though  elsewhere  the  slopes  are  more  mod- 
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erate.  On  the  npper  slopes,  west  of  the  broad  plain  which  borders  the 
top  of  these  cliffs,  there  are  two  other  beds  of  basalt  and  one  of  por- 
phyritic  trachyte,  separated  by  only  thin  beds  of  s^nd  and  gravel,  which 
reach  to  the  top  of  the  southern  hills,  about  G,700  feet  above  the  sea. 
The  caiion  bends  northward  to  the  base  of  the  northern  mountains,  and 
there  winds  for  some  fifteen  or  twenty  miles  before  opening  gradually 
to  the  broad  plain  of  the  Great  Basin  of  the  Snake  Kiver. 

As  we  had  descended  from  the  mouth  of  Salt  Kiver,  the  timber  had 
gradually  disapi>eared  from  the  hills,  until  we  now  found  only  the  scat- 
tered groves  of  small  cottonwoods  which  mark  the  hollows  where  the 
snow  lies  late,  or  mingle  with  the  willows  along  the  banks  of  the  few 
siDall  streams  which  escape  from  the  hills  into  the  sage-covered  plain. 
From  near  the  mouth  of  the  caiion,  a  belt  of  cedars  runs  along  the  course 
of  a  high-water  bayou  on  the  south  side  of  the  river  and  forms  a  c<m- 
spicuouB  feature  of  the  otherwise  featureless  plain  for  many  miles. 

Some  three  or  four  miles  below  the  mouth  of  this  last  canon,  a  small 
hot  spring,  4  or  5  feet  across,  stands  on  the  north  bank  of  the  river, 
about  20  feet  above  the  bottom.  This  w*as  not  visited  by  auy  of  our 
party,  but  was  reported  by  our  guide  to  be  too  hot  for  one  to  hold  his 
hand  in  it  for  more  than  a  half  minute.  White  spring-deposits  were 
seen,  from  a  distance,  at  several  points  on  the  north  bank,  but  there  is 
believed  to  be  no  flow  at  the«e  points  at  the  present  time. 

Joining  the  main  party  here  on  the  evening  of  October  8,  we  passed 
over  the  sage-plain  described  in  the  record  of  our  outward  trip,  crossed 
Willow,  Sand,  and  Blackfoot  Creeks,  and  reached  Fort  Hall  on  the  11th. 
The  facts  observed  during  that  time,  and  during  the  f  jllowing  twelve 
days,  while  we  awaited  Dr.  Hayden's  arrival  to  pay  off  and  discharge 
the  party,  have  bet;n  incorporated  in  the  earlier  j^art  of  this  report. 
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Washington,  D.  0.,  JMarch  1, 1873. 

Deab  Sib:  Herewith  I  present  a  partial  report  of  the  results  of  my 
explorations  of  the  year  1872  in  Minnesota,  Dakota,  and  Nebraska. 

The  time  employed  in  preparing  another  report  (which  has  already 
been  submitted)  and  a  temporary  separation  from  the  survey  have  pre- 
vented me  from  preparing  and  submitting  at  this  time  a  full  and  com- 
plete report  in  regard  to  the  agricultural  resources  of  the  very  interest- 
ing region  visited  by  me.  I  have,  therefore,  thought  it  best  that  I  should 
prepare  at  present  but  a  preliminary  report,  elaborating  one  or  two 
points  only  which  bear  upon  the  agricultural  resources  of  this  section,- 
and  which  I  might  make  somewhat  complete  in  time  for  publication 
the  present  season.  Another  important  reason  for  this  course,  aside 
from  the  want  of  time,  was  that,  having  entered  upon  the  discussion  of 
the  climatology  of  this  region,  as  exhibited  by  the  meteorological  records, 
it  became  evident  that  important  and  valuable  results  might  be  obtained 
by  a  more  full  and  complete  discussion  of  all  the  records  of  that  portion 
of  the  West  situated  between  the  Mississippi  River  and  the  Sierra  Nevada 
Mountains.  But  to  do  this  required  more  time  than  remained  previous 
to  the  publication  of  your  annual  report  for  the  year  1872.  It  also 
required  the  preparation  and  printing  of  certain  charts,  which  could  not 
be  properly  done  in  time.  Therefore,  with  your  consent,  I  determined 
to  devote  a  portion  of  the  present  season  to  the  preparation  of  a  special 
report  on  the  climatology  of  the  West.  For  this  reason  much  of  the 
material  I  had  already  prepared  does  not  appear  in  this  report. 

These  explanations  will  suffice  to  account  for  the  meagerness  of  the 
report  herewith  submitted,  altbough  the  material  obtained  was  equal  in 
amount  and  importance  to  that  of  any  former  year  of  my  connection 
with  the  survey. 

In  my  introductory  remarks  I  give  an  outline  of  what  the  full  report 
may  be  expected  to  contain.  At  present  I  have  confined  myself  chiefly 
to  a  discussion  of  the  physical  geogi'aphy  and  topography  of  that  por- 
tion of  the  Northwest  visited  during. the  summer  of  1872. 

As  m  our  former  visits  to  the  West,  I  have  met  with  the  kindest 
treatment  at  every  point  and  on  the  part  of  all  with  whom  my  duties 
brought  me  in  contact.  The  railroad  and  stage  companies  in  Minne- 
sota, Nebraska,  Dakota,  and  Kansas  have,  in  every  instance  where  I 
stated  my  business  and  my  connection  with  your  survey,  granted  me 
passes  over  their  lines,  thereby  greatly  lessening  my  expenses,  and 
enabling  me  with  the  means  at  my  command  to  extend  my  examina- 
tions over  a  much  larger  area  than  I  could  otherwise  have  done. 

It  is,  perhaps,  proper  that  I  should  mention  by  name  those  companies 
fix)m  which  I  have  received  these  favors.  The  railway  companies  were : 
Northern  Pacific,  Saint  Paul  and  Pacific,  Saint  Paul  and  Sioux  City, 
Illinois  Central,  Union  Pacifijc,  Burlington  and  Missouri  Biver,  and  Kan- 
sas Pacific.  I  also  received  a  pass  from  Mr.  Blakesly  over  all  the  stage- 
lines  he  represented  .in  Minnesota,  and  from  Messrs.  Haskell  &  Cheney 
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over  their  line  from  Sionx  City  to  Yankton.  I  am  espedally  indebted 
to  Governor  Burbank.  Gtoneral  McOook.  General  Beadier  and  others,  of 
Soutbem  Dakota ;  Colonel  Btatsman,  of  Pembina ;  General  EL  Thomag, 
Colonel  J.  C.  Bates,  Dr.  Dnboee,  Mr.  Skinner,  and  others,  for  their  as- 
sistance and  for  ii^formation  ftarnished  by  them. 

As  a  summary  of  results,  I  may  state  that,  although  in  some  respects 
the  portion  of  oar  conntry  visited  did  not  meet  entirely  my  expecta- 
tions, founded  on  the  exaggerated  and  glowing  descriptions  of  specula- 
tors and  others  interested,  yet  it  presents  a  bread-producing  area 
equaled  by  but  few  and  surpassed  bv  none  on  the  continent  Its  capac- 
ity as  a  wheat-growing  section  is  immense ;  so  great,  in  &ct,  that  the 
figures  stagger  our  belief  when  first  presented.  As  a  beef-produdiig 
section  its  resources  are  great,  the  grazing  excellent  throughout  the 
entire  area. 

The  fact  of  its  great  capacity  in  reference  to  these  two  articles  renders 
its  development  of  great  national  importance. 

Trusting  that  my  action  may  meet  with  your  approval  and  that  this 
report  may  be  satisfactory,  I  remain,  yours,  very  respectfully, 

OYBUS  THOMA& 

Professor  F.  Y.  Hatden. 


INTRODUCTORY  REMARKS. 


The  chief  object  of  my  explorations  during  the  past  season  was  to 
examine  into  and  report  upon  the  agricultural  resources  of  Dakota  Ter- 
ritory ;  yet  it  was  expected  that  I  would  at  the  same  time  extend  my 
observations  to  the  immediately  surrounding  portions  of  the  Northwest 
similar  in  character  and  which  might  have  any  bearing  upon  the  devel- 
opment of  the  resources  of  Dakota. 

A  slight  examination  of  this  section,  added  to  the  previous  knowledge 
I  had  obtained  in  regard  to  it,  sufficed  to  convince  me  that,  to  thoroughly 
understand  its  agricultural  resources,  it  was  important  to  investigate 
the  climatology  and  physical  geography  of  the  great  prairie-belt  lying 
along  the  eastern  margin  of  the  great  trans- Mississippi  plains. 

Here,  running  north  and  south,  is  found  the  dividing  line  between 
two  regions  and  climates  as  different  from  each  other  as  that  of  Europe 
from  that  of  Asia ;  here,  in  fact,  in  an  agricultural,  climatological,  and 
physical  point  of  view,  is  the  real  di\ading  line  between  the  eastern  and 
western  portions  of  the  continent.  We  have  long  looked  upon  the 
great  Rocky  Mountain  Range  as  the  dividing  line  of  the  continent,  and, 
so  far  as  the  flow  of  water  is  concerned,  this  is  so ;  but  the  more  this 
region  is  examined  the  more  apparent  does  it  become  that  in  other  re- 
spects this  is  far  from  being  the  rule.  The  chief  dividing  line  between 
the  two  great  continental  climatic  areas  stretches  north  and  south  along 
the  broad  undulating  plains  of  Kansas,  Nebraska,  Dakota,  &c.,  and 
corresponds  very  nearly  with  the  one  hundredth  meridian.  Here,  too, 
is  the  dividing  line  between  great  agricultural,  faunal,  and  floral  areas. 

In  regard  to  climatology  several  important  questions  arise,  two  of 
which  deserve  special  attention,  and  which,  if  possible,  should  receive 
at  least  approximately  correct  answers.  The  first  relates  to  the  isother- 
mal lines  through  Wisconsin,  Minnesota,  and  Dakota,  especially  the 
lines  of  mean  summer  temperature.  This  is  the  more  necessary  from 
the  fact  that  Mr.  Blodgett,in  his  work  on  meteorology,  has  assumed  that 
the  mean  lines  of  summer  temj>erature  make  a  rapid  bend  northward 
after  passing  west  of  Lake  Michigan ;  and  this  statement  has  been  used 
largely  in  the  efforts  to  induce  emigration  to  that  portion  of  the  North- 
west. If  it  is  true  that  this  remarkable  flexure  does  occur  here,  it  must, 
as  a  matter  of  course,  have  an  important  bearing  upon  our  estimate  of 
the  agricultural  resources  of  this  extensive  region.  I  have,  therefore, 
made  it  a  special  object  to  test  the  correctness  of  this  assumption  by 
all  available  data,  which  have  been  considerably  increased  since  the 
date  to  which  Mr.  Blodgett's  calculations  extend.  Without  intending 
to  forestall  my  investigations  on  this  point,  1  may  state  that,  while  it  is 
true  a  very  remarkable  flexure  in  the  isothermal  lines  does  occur  here, 
yet  the  investigations  I  have  made  indicate  that  it  is  much  less  than  Mr. 
Blodgett  represents  it  to  be. 

The  second  climatological  question  relates  to  the  rain-fall.  It  is  well 
known  that  on  the  east  side  of  the  plains,  as  in  Minnesota,  Iowa,  Mis- 
souri, and  Arkansas,  the  average  annual  rainfall  is  sufficient  to  supply 
the  moisture  necessary  for  the  production  of  the  cereals  and  other  agri- 
cnltaral  products.  On  the  other  hand,  it  is  almost  as  well  known  that 
irrigation  is  necessary  at  all  points  on  the  plains  lying  along  the  east 
base  of  the  Becky  Mountains.    Therefore,  it  is  evident  that  the  boundary 
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between  these  two  regiona  tfast  of  snlllcieiit  and  that  of  insnffldent 
rain — moAt  be  found  somewhere  between  the  east  base  of  the  Bodcy 
Monntains  and  the  west  Hue  of  the  States  hut  named.  It  becomes, 
therefore,  very  important  to  determine  where  this  line  is.  It  u  thie 
that  the  transition  may  be  gradnal  and  render  it  difficolt  to  llz  it  with 
any  great  degree  of  exactitude,  yet  it  must  be  possible  to  determine  it 
approximately.  The  importanee  of  this  will  sciacely  be  appreciated  by 
those  who  have  not  oome  practically  in  contact  with  tiha  qoeation)  hA 
the  individnal  who  has  gone  beyond  this  line  and  opened  a  Ihnn  opoa 
the  broad  prairie,  d^iending  npon  the  rain-fall  alone  to  sopply  his  erops^ 
has  learned  by  sad  experience  that  knowledge  whidi  ought  to  be  stop- 
plied  to  the  pnblic.  But  land-speculators  and  others,  who  aielnterasted 
in  settling  up  this  portion  of  the  West,  are  often  too  sangnine  in  tlwit 
belief  in  regard  to  favorable  climatic  changes,  or  are  regardless  of  tiie 
snfferiogB  and  hardships  they  cause  by  a  too  &vorable  representation 
of  the  climate  of  this  uncertain  section.  I  dislike  to  make  sndi  state- 
ments, but  I  deem  it  a  doty  to  BpeA  plainly  on  this  point.  Theie  is  no 
necessity  for  any  misrq[»resentations  in  regard  to  this  part  of  the  West; 
the  facts  are  sufficiently  favorable ;  and  if  these,  and  these  only,  tee  pto- 
seuted,  in  the  end  the  result  wUl  be  better  for  tlie  country  and  even  Ibr 
the  particular  section.  I  have,  therefore,  made  this  matter  the  saqject 
of  special  investigation,  but  in  this  report  will  only  give  a  short  snm- 
mary  of  the  facts,  as  I  expect  hereafter  to  present  the  whole  sal{|eot  of 
the  climate  of  the  West  in  a  special  report 

Although  the  topography  of  the  country  presents  great  onUbruiily 
in  character,  the  general  level  being  interrupted  l^  no  elevated  pnatn 
•r  extensive  mountain-ranges,  yet  me  physical  geography  is  not  devoid 
of  interesting  and  important  features,  as  within  thebonnds  of  thetegioB 
nnder  consideration  are  the  initial  points  of  three  of  the  most  In^^xrt- 
ant  water-basins  on  the  east  side  of  the  continent. 

As  the  surface-soil  also  presents  great  uniformity  in  character,  anoflier 
importaut  item  to  be  examined  was  the  nature  of  the  subsoil ;  but  as 
ibis  has  been  penetrated  at  comparatively  few  points  in  the  newly- 
settled  or  unsettled  portions,  the  data  obtained  was  necessarily  meager; 
yet  sufficient  has  been  ascertained  to  show  that  it  varies  much  more  in 
the  different  sections  than  the  surface^soil.  I  do  not  allude  so  much  to 
its  chemical  ingredients  as  to  its  productive  qualities. 

A1thoug:b  a  knowledge  of  the  present  condition  of  climate,  soil,  and 
topography  is  sufficient  to  determine  the  agricultural  value,  yet  there 
are  souie  questions  relating  to  the  physical  conditions  whidi  are  so 
intimately  connected  with  these  practical  points  that  a  full  .and  ex- 
haustive report  should  embrace  them.  I  allude  particularly  to  tiie  lut 
geological  changes  which  have  resulted  in  the  present  condition  of  tlie 
surface  and  climate.  I  include  <^ climate"  because  I  am  thorough||[ 
convinced,  after  studying  this  subject  for  several  years,  that,  so  far  as 
the  amount  of  moisture  is  concerned,  the  present  condition  has  resulted, 
in  part  at  least,  from  the  effect  of  the  last  geological  change  that  took 
place  in  the  surface.  But,  unfortunately,  my  knowledge  of  geolo|nr  is 
not  sufficient  to  discuss  this  qnestion  properl}',  even  if  I  had  all  the  data 
necessary  to  do  so,  and  the  geological  surveys  which  have,  been  made 
of  this  section  have  not  been  dii'ected  particularly  to  the  surfisoe-fieatares. 
It  is  ti-ue  that  Professor  Uayden,  in  his  very  interesting  rAumi 
(Chapter  XII)  of  his  report  of  1870,  touches  upon  this  subject,  alluding 
to  its  importance  and  expressing  the  desire  to  return  to  its  investigation 
at  some  future  time.  It  is  to  be  hoped  that  he  may  be  permitted  to 
carry  out  this  desire  at  an  early  day,  as  there  is  no  one  who  more  highly 
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appreciates  the  value  of  the  sarface-geology  of  this  section,  in  which 
he  spent  so  many  of  the  early  days  of  his  explorations,  than  he  does. 
Professor  Winchell,  in  his  first  annual  rreport  of  the  Geological  and 
Natural  History  Survey  of  Minnesota,  has  devoted  a  short  chapter  to 
this  subject  so  far  as  it  relates  to  that  State.  Owen,  in  his  Report  on 
the  Geology  of  Wisconsin,  Minnesota,  and  Iowa,  mentions  numerous 
important  facts  bearing  upon  this  subject,  but  does  not  discuss  it 
specially.  But  no  one,  so  far  as  I  am  aware,  has  as  yet  discussed  the 
relation  of  the  last  geological  change  in  this  section  to  its  present 
climatic  condition.  This,  therefore,  still  remains  an  open  field  for 
inquiry  and  investigation. 

The  valleys  of  the  rivers,  the  weathering  of  the  bluffs  and  terraces, 
the  dry  coulees^  as  well  as  the  vast  amount  of  local  drift  near  the  base 
of  the  Rocky  Mountains,  show  beyond  a  doubt  that,  at  some  very  recent 
period  in  a  geological  sense,  the  amount  of  water  which  fell  was  much 
greater  than  at  present.  I  allude  not  to  the  remote  period,  when  it  wa« 
submerged,  but  to  a  period  since  the  waters  receded,  for  it  requires  no 
geological  eye  to  detect  these  evidences  and  to  determine  that  tbey 
relate  to  a  time  long  subsequent  to  the  last  emergence,  hence  attribute 
able  to  rain  and  snow. 

It  is  therefore  evident  that  between  that  time  and  the  present  a  great 
change  has  taken  place  in  the  climate  in  regard  to  humidity;  that  it  is 
much  less  now  in  the  western  portions  of  Dakota,  Nebraska,  and  Kansas 
than  it  was  in  the  past.  Tins  question  then  arises:  Has  the  change  in 
this  direction  ceased  f  If  not,  then  we  are  forced  to  the  conclusion 
that  this  section  is  still  growing  drier.  If  it  is  true — and  I  think  it  will 
scarcely  be  denied  by  any  who  have  directed  their  attention  to  the  sub- 
ject— that  such  has  been  the  direction  of  the  climatic  changes  in  the 
past,  one  of  two  conclusions  is  inevitable,  viz,  that  there  are  no  grounds 
for  exi)ecting  a  more  favonible  climate  (in  regard  to  humidity)  in  the 
future,  or  that  the  change  in  the  direction  indicated  has  ceased,  and 
consecjuently  a  reaction  must  take  place.  On  this  imi)ortaut  point  I 
have  collected  some  data  which  I  expect  to  present  in  my  meteorological 
rei)6rt. 

As  the  immense  belt  under  consideration  is  one  almost  continuous 
prairie,  devoid  of  forests,  which  must  be  devoted  almost  wholly  to  farm- 
ing and  pastoral  pursuits,  it  is  apparent  that  its  future  development 
depends  to  a  gi'eat  degree  upon  the  means  of  transporting  its  i)roducts 
to  market  and  of  reaching  the  forests  of  the  States  lying  east  of  it.  It 
is  therefore  very  desirable,  in  this  connection,  to  obtain  some  idea  of  the 
extent  and  character  of  the  forests  and  the  extent  and  direction  of  the 
constructed  and  contemplated  railroad-lines. 

Although  I  have  not  made  the  former  a  si>ecial  object  of  inquiry  and 
investigation,  yet  suflicient  information  in  regard  thereto  ha«  been 
obtain^  uponwhich  to  found  a  conclusion  in  regard  to  the  adequacy  of 
the  sajiply  of  lumber  for  the  next  generation.  To  examine  the  immense 
forests  of  Minnesota  and  Wisconsin  in  person,  with  sutlicient  thorough- 
ness to  determine  their  character,  would  require  several  years;  but, 
fortunately,  these  States  have  for  several  years  been  gathering  statistics 
concerning  them,  which  are  accessible,  and  of  which  I  shall  avail  myself 
in  this  or  ^  future  report  so  far  as  I  deem  it  necessary  to  do  so. 

Any  report  relating  to  the  present  extent  of  the  railroads  would  be  of 
but  temporary  value,  as  the  various  lines  are  being  so  rapidly  extended, 
and  new  ones  being  formed  in  such  rapid  succession,  that  what  is  true 
ta4ay  will  fall  &r  short  of  being  true  a  few  years  hence. 

A  very  important  question,  and  one  of  national  interest,  arises  in  con- 
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nection  with  this  subject.  What  is,  or  is  likely  to  be,  the  effect  upon  the 
industries  and  development  of  this  portion  of  the  country  of  land-grants 
to  railroads  by  Congress  t  This  has  assumed  such  vast  proportions  that 
it  behooves  the  stiitesmen  of  our  nation  to  examine  the  subject  with 
great  care,  and  not  be  led  away  by  the  simple  and  conceded  fact  that 
these  grants  hasten  the  settlement  of  the  section  of  country  in  which 
they  are  made. 

This  is  a  matter  which  already  agitates  the  public  mind ;  and  in  no 
part  of  the  country  have  we  a  better  opportunity  of  studying  its  effects 
tban  in  the  Northwest,  where  the  grants  have  been  most  numerous  and 
extensive. 

When  the  public  mind  becomes  aroused  in  relation  to  a  given  subject, 
and  a  tendency  to  reaction  becomes  manifest,  politicians  are  apt  to  seize 
upon  the  opportunity  of  riding  into  position  upon  the  current  of  opin- 
ion, and,  instead  of  striving  to  lead  it  to  a  correct  conclusion,  strive  to 
carry  it  to  the  other  extreme,  and  often  thereby  cripple  national  indus- 
tries instead  of  correcting  abuses.  It  is  proper,  therefore,  that  the  facts 
in  revspect  to  such  subjects  should  be  spread  before  the  puolic  at  as  early 
a  day  as  possible.  As  I  cannot  enter  upon  an  examination  of  this  im- 
portant question,  I  desire  to  call  attention  to  it. 

PHYSICAL  GEOGBAPHY. 

As  the  surface  features  and  configuration  of  any  section  have  an  im- 
portant bearing  upon  its  climatology  and  agricultural  resources,  I  will 
present  first  a  sketch  of  the  physical  geography  of  that  portion  of  the 
Northwest  at  present  under  consideration.  Although  I  shall,  when  I 
discuss  the  climatology,  embrace  a  larger  area,  I  will  at  present  confine 
my  remarks  chiefly  to  Minnesota,  Dakota,  Iowa,  and  Nebraska. 

Foster,  in  his  excellent  work  on  the  physical  geography  of  the  Missis- 
sippi Valley,  has  presented  in  a  very  attractive  form  a  description  of  the 
leading  characteristics  of  the  West;  therefore  it  will  be  unnecessary  for 
me,  in  describing  the  features  of  a  limited  section,  to  repeat  what  has 
been  so  well  set  forth.  I  will,  for  this  reason,  confine  myself  to  the  more 
minute  details,  and  especially  to  the  hypsometrical  data. 

Notwithstanding  this  region,  which  has  been  not  inaptly  termed  the 
"New  Northwest,"  presents  no  elevated  mountain-ranges  or  lofty  peaks, 
to  break  the  somewhat  monotonous  contour  and  form  sharp  dividing- 
lines  between  the  water-systems,  yet  its  geographical  features  are  not 
devoid  of  interest  in  a  scientific  i)oint  of  view,  nor  without  important 
influences  on  the  climate.  Who  can  predict  with  certainty  what  would 
be  the  climatic  effect  Of  a  rugged  forest-clad  mountain-range  running 
east  and  west  from  the  base  of  the  Eocky  Mountains  to  the  Mississippi 
River  ?  Who  can  tell  what  wouhl  be  the  result  of  such  a  barrier  to  the 
winds  which  now  sweep  across  these  vast  plains  ?  Who  can  foresee  with 
certainty  the  effect  even  of  a  continued  forest  over  this  immense  areaf 

This  country  may  be  described  in  general  terms  as  one  immense  com- 
paratively level  area,  consisting  of  slightly  rolling  and  marshy,  timbered 
sections  in  the  northeast  and  broad,  open,  undulating  prairies  in  the 
west  and  southwest. 

The  eastern  portion,  from  Lake  Superior  to  the  Mississippi|  is  covered 
chiefly  with  pine  and  tamarack  forests,  and  to  a  large  extent  more  or  less 
marshy,  esi)ecially  in  the  eastern  and  northeastern  part  of  Minnesota, 
but  fading  out  and  changing  somewhat  in  character  as  we  inove  south- 
ward, the  marshes  entirely  disappearing  in  this  direction.  A  lengthy 
but  narrow  forest-strip  runs  north  and  south  along  the  west  side  of  the 
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Mississippi  Biver,  consistiDg  almost  entirely  of  decidaous  trees,  sach  as 
oak,  elm,  ash,  &c.  But  this  strip,  as  it  approaches  Iowa  in  its  soathem 
extremity,  is  more  or  less  broken  up  by  prairie-belts,  and  there  confined 
chiefly  to  the  river  valleys. 

The  remaining  portion  of  the  entire  area  lying  west  of  this  timber-line, 
and  extending  to  the  base  of  the  Bocky  Mountains,  consists  of  broad, 
undulating,  treeless  plains,  channeled  by  numerous  streaois,  and  dotted 
in  its  eastern  portion  with  numerous  small  lakes,  which  decrease  in  num- 
bers and  acquire  a  saline  character  as  we  move  westward.  This  part 
IS,  in  fact,  one  section  of  the  great  plains  of  the  iuterioi,  which  stretch 
northward  from  Mexico  to  Arctic  America. 

The  gre^t  uniformity  in  appearance  and  sameness  of  character  of  this 
part  of  the  country  would  apparently  forbid  any  lengthened  description 
of  its  geographical  features — and  to  a  great  extent  this  is  true — yet  there 
are  some  facts  and  peculiarities  worthy  of  our  attention  and  study, 
especially  as  there  are  some  problems  connected  with  these  broad,  oi>eu 
areas  which  have  not  as  yet  been  satisfactorily  solved.  Why  are  they 
devoid  of  forests!  is  a  query  often  propounded,  and,  although  approach- 
ing solution,  has  not  been  answered  to  the  entire  satisfaction  of  our  lead- 
ing physicists.  If  we  reject  the  view  of  Lesquereux,  that  the  "  prairies 
are  due  to  peat-growth,'^  and  the  view  of  other  physicists,  that  they  are 
due  "to  the  texture  of  the  soil,"  and  also  exclude  as  unworthy  of  con- 
sideration the  very  general  opinion  that  they  have  been  produced  by  the 
annual  burnings — for  this  applies  only  to  their  perpetuation  and  not  to 
their  production — and  accept  the  very  plausable  theory  of  Newberry, 
Foster,  Hayden,  and  others,  that  this  condition  arose  from  a  want  of 
sufficient  moisture,  we  have  advanced  but  one  step  in  the  process  of  solu- 
tion, and  find  ourselves  confronted  by  another  question  equally  difficult 
to  answer:  What  caused  this  lack  of  moisture  on  the  plains!  And  why 
are  the  prairies  of  Nebraska,  Kansas,  and  Dakota  drier  than  those  of 
Iowa  and  Illinois!  Doubtless  the  presence  of  the  large  body  of  water 
in  the  lakes  of  the  north — Superior  and  Michigan — over  which  currents 
of  air  already  charged  with  moisture  sweep  down  from  the  northeast, 
the  approximation  of  the  Gulf  of  Mexico,  and  the  Mississippi  running 
north  and  south  along  the  border  of  the  entire  area,  will  go  far  toward 
furnishing  an  answer  to  the  latter  inquiry.  But  it  is  not  my  intention 
to  pursue  this  investigation  at  this  time ;  when  I  enter  upon  a  discus- 
sion of  the  climatology  I  may  present  some  facts  which  I  think  bear 
upon  the  subject 

The  water-drainage  of  Minnesota  and  Dakota  forms  one  of  the  most 
interesting  and  important  features  in  the  physical  geography  of  this  sec- 
tion of  the  West.  Although  there  are  no  marked  or  prominent  water- 
sheds here,  yet  the  streams  which  originate  in  this  limited  area  belong  to 
three  different  water  systems  or  basins:  that  of  Hudson  Bay,  the  lake  or 
Saint  Lawrence  Basin,  and  the  Mississippi  or  Gulf  Basin — one  draining 
north,  one  east,  and  the  other  south,  showing  a  higher  general  elevation 
of  the  surface  here  than  in  either  of  these  directions;  that  is  to  say,  if 
we  move  north,  east,  or  south  from  this  area,  we  descend.  Professor 
Wenchell  makes  the  following  statement  in  regard  to  the  topography  of 
Minnesota:* 

The  intinial^  relation  Babeistins^  between  the  geology  and  topography  of  the  State 
is  more  evident  than  in  some  of  the  other  States  in  the  Union.  The  cauHca  which  de- 
termine the  location  of  the  great  continental  water-shed  are  those  which  determined 
the  ezietenoe  of  the  Ltanrentian  and  Lake  Superior  ranges  of  igneous  and  uietamorphic 
rocka.    The  area  of  those  rocks  in  Minnesota,  as  well  as  in  Wisconsin  and  Michigan, 

*Geok>gical  and  Natural  History  Survey,  Minnesota,  (1873,)  page  45. 
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includes  some  of  the  soaroes  of  the  great  river-syBtems  of  the  Northwest  and  of  the 
contineDt.  From  this  area,  since  pre-Silurian  times,  streams  have  run  in  all  directions 
toward  the  ocean.  Within  this  area,  in  the  State  of  Minnesota,  are  the  headwaters  of 
the  Saint  Lawrence  system  of  drainage,  which  enters  the  Atlantic  Ocean  toward  the 
east ;  tboso  of  the  Mississippi^  which  enter  the  Gulf  of  Mexico  toward  the  south,  and 
those  of  the  Red  River  of  the  North,  which,  taking  an  opposite  course,  find  the  ocean- 
level  toward  the  north  through  IIudHou's  Bay,  in  British  America.  This  water-shed 
consists  not  in  the  form  of  a  deiiuite  and  abrupt  ridge. 

This  fact,  which  does  not  find  an  exact  parallel  at  any  other  point  in 
tBe  comparatively  level  portion  of  the  interior  of  the  continent,  marks 
this  area  as  one  of  peculiar  intei'est  in  the  study  of  the  physical  ge- 
ography of  the  Mississippi  Valley. 

The  Mississippi  and  Rod  Rivers  form  the  chief  lines  of  drainage,  and 
it  is  worthy  of  notice  that  these  run  in  exactly  opposite  directions.  The 
Missouri  River,  from  its  great  bend  in  the  northwest  corner  of  Dakota, 
runs  a  little  east  of  south,  the, Mississippi  almost  directly  south,  while 
the  intermediate  waters  find  their  way  directly  north  through  Red  River 
to  Lake  Winnepeg. 

It  has  been  remarked  by  some  writer  that  geologists  and  geographers 
often  fail  to  appreciate  the  value  of  the  facts  they  obtain  in  regard  to 
the  direction  of  the  leading  streams  and  elevated  ranges  of  the  coun- 
tries they  explore.  Although  I  do  not  claim  to  be  a  geologist,  j'et  I  am 
strongly  inclined  to  believe  that  the  fixing  of  the  channels  of  these 
streams  belongs  to  the  closing  scene  of  the  Drift  i)eriod.  And  this 
opiniou  corresponds  with  the  idea  already  expressed  by  Professor 
Ilayden :  • 

At  a  modorn  period  it  is  probable  that  the  waters  of  the  ocean  swept  high  upland, 
roacliiug  ut^arly  to  the  foot  of  the  mountains.  The  ^oat  wat^r-courses  had  alrcadjf 
been  marked  out;  cousequently  we  find  the  yellow-marl  or  loess  50  to  150  feet  thick  in 
the  iiiniuvliatc  valley  of  the  Missouri,  hut  thinning  out  as  we  recede  from  it  or  the 
valleys  of  any  of  it«  brauches. 

Tlui  cuts  given  in  Professor  WiuchelPs  report  on  the  survey  of  Belle 
Plaino,  lMiniK\sota,  indicate  that  he  holds  substantially  the  same  opinion. 
But  in  his  geological  report,  before  referred  to,  and  which  was  received 
after  this  report  was  draughted,  he  expresses  his  opinion  on  this  poiut 
as  foUows :  t 

The  eoiirse  of  the  surface  drainage  is,  iu  this  case,  (where  the  drift  is  very  thick,) 
dep('n(Utiit  very  little  on  the  character  of  the  underlying  rock.  But  where  the  drift  is 
lij^liter,  the  direction  of  the  snbonlinatc  streams  is  often  determined  by  the  bearing  of 
t\u\  sedimentary  roeks.  A  stream  is  most  likely  to  he  located  in  the  deprcjssion  caused 
by  the  erosion  or  other  destruction  of  the  outcropping  edge  of  a  soft,  or  friable  rock, 
tlx;  more  pertsistent  formation  adjoining  it,  above  and  below,  forming  tho  divides 
between  it  an<l  other  streams.  Other  causes,  however,  principally  those  superinduced 
by  undulations  in  the  strata  over  long  distances,  so  as  to  cause  them  to  leave  thedircc- 
tiim  of  the  principal  or  tributary  valTeys,  and  the  variations  of  level  brought  abont  by 
the  unequal  deposition  of  the  drift  during  the  prevalauco  of  tho  ice  of  the  glacial 
epoch,  have  very  generally  marked  the  effect  of  unequal  erosion  of  the  strata  on  the 
direction  of  surface-drainage. 

The  direction  of  the  streams  of  Dakota  and  Northern  Nebraska  un- 
doubtedly falls  within  the  last  category,  as  their  channels  seldom  reach 
the  bottom  of  the  drift.  We  may,  therefore,  safely  assume  that  the 
direction  and  lines  of  water-drainnge  were  already  marked  out  at  the 
close  of  the  Quart ernary  period,  and  doubtless  previous  to  the  last  sub- 
mergence of  this  portion  of  the  Northwest. 

An  examination  of  the  direction  of  the  tributaries  of  the  leading 

*  Rei)ort  1H70,  page  175. 

t  Geological  and  Natural  History  Survey  of  Minnesota,  page  46. 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES.       283 

streams  meDtioDed  will  serve  to  indicate  the 'direction  of  the  descent  of 
the  different  parts  of  their  basins.  Thus,  the  tribiltaries  of  the  Missouri 
which  flow  into  it  below  the  bend  present  a  very  marked  contrast  in 
direction ;  those  on  the  west  side,  as  Heart,  Ree,  Big  Cheyenne,  White, 
and  Niobrara  Rivers,  flow  almost  directly  east;  while  those  on  the  east 
side,  as  James,  Vermillion,  and  Big  Sioux,  flow  almost  dire«tly  south  ; 
showing  clearly  that  the  channel  of  the  Missouri  marks  the  termination 
of  the  effect  of  the  descent  from  the  mountains,  and  that  east  of  it  the 
descent  is  from  the  north.  But  it  must  not  be  inferred  from  this  that 
the  descent  toward  the  east  absolutely  ceases  at  the  Missouri,  for  this  is 
not  correct,  as  (in  Dakota)  it  continues — as  will  be  seen  by  the  tables  of 
altitudes — as  far  east  as  the  valley  of  Red  River ;  but  the  channel  of  the 
Missouri  is  the  boundary  of  the  eastward  flow.  After  giving  the  tables 
ef  altitudes  I  will  again  allude  to  this  subject,  and  mention  some  other 
causes  for  this  change  of  direction. 

A  somewhat  singular  feature  is  presented  by  the  tributaries  of  Red 
River;  as  a  general  rule,  those  on  the  west  side  flow  southeast  and 
those  on  the  east  side  southwest  until  they  strike  the  immediate  valley 
of  the  river,  where  they  bend  abruptly  northward.  This  would  indicate 
a  southern  descent  for  the  bordering  plains,  while  it  is  evident  the  broad, 
level  valley  of  the  river  has  a  slight  northern  descent. 

Although,  as  will  hereafter  be  shown  by  the  tables  of  elevations,  the 
plain  from  which  the  waters  of  the  Upper  Mississippi  are  gathered  is, 
m  a  manner,  segregated  from  the  broad  western  slope,  yet  the  same 
direction  of  drainage  is  preserved,  the  western  tributaries  flowing 
southeast,  while  the  few  eastern  ones  within  Minnesota  flow  southward. 
This  direction  is  preserved,  notwithstanding,  as  in  Southern  Minnesota 
the  descent  of  the  bordering  surface  of  the  country  is  directly  opposite 
to  the  course  of  the  streams. 

If  we  move  southward  to  the  latitude  of  Iowa  and  Nebraska,  we  shall 
find  the  drainage  almost  wholly  eastward  or  southeast,  that  toward  the 
south  being  less  marked  than  in  the  northern  section.  In  Nebraska  it 
may  be  said  to  be  entirely  eastward,  some  of  the  northern  tributaries  of 
the  Platte  only  bearing  a  little  southeast.  The  drainage  of  Iowa  is  in 
great  part  to  the  southeast,  a  few  minor  streams  running  southwest  into 
the  Missouri  River,  indicating  a  narrow  western  slope  along  its  western 
boundary. 

It  is  evident  that  the  vertical  topography  is  of  the  utmost  importance 
in  studying  the  physical  geography  of  any  section,  and  more  especially 
is  this  the  case  where  the  outlines  are  not  rugged,  but  where  the  long 
rounded  swells >and  apparently  level  plateaus  are  calculated  to  deceive 
the  eye.  I  have,  therefore,  collected  all  the  data  to  be  obtained  on  this 
point,  particularly  what  refers  to  the  snri'ace  of  Minnesota  and  Dakota; 
and  fortunately  the  recent  surveys  of  lines  through  this  section  of  the 
Northwest  for  the  purpose  of  locating  railroads  have  furnished  us  with 
sufficient  material  to  enable  us  to  form  a  tolerable  correct  idea  of  its 
topography.  Therefore,  before  proceeding  further,  I  insert  the  follow- 
ing listsof  elevations  and  distances,  which  have  been  furnished  in  most 
cases  from  the  officers  of  the  roads  mentioned.  One  or  two  have  been 
copied  from  the  report  of  Professor  Winchell,  heretofore  referred  to,  and 
some  of  the  tables  furnished  me  have  been  corrected  by  this  report. 
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Table  L  — A  list  of  etevatUnu  and  aisUtnees  almig  Uie  Ikm  t^  Oie  Lake 
Superior  and  Mississippi  Bailroadj  running  from  IhUm^O^  om  lUke  Sitpe^ 
ricr  to  Saini  PomI^  Minnesota. 


Sar&ce  of  Lake  Superior 

Balath ^ 

Thomson 

Highest  point  on  the  road 

MooeeLake  depot 

Kettle  River  depot 

Hlncklev,  at  Grindstone  Riyer ^ 

Lowest  between  Hinckley  and  the  next  sommit 

Snmniit 

Sanunit 

Pine  City,  at  Snake  River 

Fbint  two  and  ono-balf  miles  sonth  of  Snake  River.... 

Rash  City,  atth»  oreek 

G(ooseLake 

Next  highest  roint 

North  Brancli,  at  the  creek 

Between  North  Branch  and  Wyoming 

Wyoming,  at  the  river 

Wyoming,  at  the  depot 

Forest  Lake  depot •. 

Sommit  between  F6rest  Lake  and  lUce  Creek 

Rice  Creek 

Centreville  depot 

Junction  at  Wbite  Bear  Lake 

Summit  between  White  Bear  Lake  and  Saint  Panl 

Between  Pbalen's  Lake  and  Saint  Paul 

Lowest  water  in  Mississippi,  at  Saint  Paul 

Highest  water  in  Mississippi,  at  Saint  Paul : 

Standard  generally  used  lor  Mississippi,  at  Saint  Paul. 


Diatanee  flram 
Dnlatb. 


JlilSi. 


33 
45 

60 

76 


80 
86 
90 

ioi'* 


lis 


189 

139 

133i 

138 

143 

145 

151 

155 


rei^t 


aboivB 


998 


810 
678 
69r 


Table  II. — A  list  of  elevations  and  distances  from  the  western  extremUg 
of  Lake  Superior,  at  Ihiluthy  to  the  Missouri  River  at  the  mouth  ofHeeari 
Kiver,  along  the  line  of  the  Northern  Pacijlo  Bailroad, 


Lake  Superior,  at  Duluth 

Fond  du  Lac , 

Thomson,  (Dalles  of  Saint  Louis  River) 

Junction , 

Otter  Creek,  (bed  of  the  creek) 

Norman,  (natural  ground) 

Kettle  River,  (bed  of  the  river) 

Kettle  River,  (natural  ground) , 

Island  Lako,(grade) 

Tamarack  River,  (natural  ground)  • 

Sicottes,  (grade) 

Sandy  River 

Kimberly , 

Rice  River 

Aiken 

Cedar  River,  (b^  of  the  river) 

Cedar  River,  (natural  surface) , 

Withington 

Brainard,  (at  Mississippi  River,  grade).. 

Brainard,  (river  bed) •. 

Frenchman's -. 

Pillager : , 


Distance  from 
Dulnth. 


IfilM. 


6 
22 
24 
27 
34 
42 
45 
46 
52 
58 
65 
76 
81 
88 
92 
97 
98 
115 


li^l 
187 


Height  above 
the  I 


600 

606 
1,036 
1,060 
1,126 
1,SSS 

'iS 

1,308 
1,389 
1,9K 
l,«l 
!,« 
l,9tt 

1.9891 
1,198 

m 
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Table  II. — A  list  of  elevations  and  dUttances^  c0c. — Gontmaed. 


Crow  Wing  River,  (bed  of  the  river) . 
Motley 


EUiyden's  Branch,  (oreek  bed) 

Alorich 

Wadena 

Leaf  River 

Frazee 

Otter-Tail  River,  (bed  of  the  river) 

Perham 

Hobart 

Otter-Tail  River,  (natural  ground) k 

Pelican  River,  (beiiof  the  river) 

Detroit 

Oak  Lake 

Aodnbon  

Lakeside 

Hay  Creek,  (bed)  

Hay  Creek,  (bed) 

Bnnalo  River,  (bed) 

Bnffalo  River,  (bed) 

Hawley  

Miukoda 

Red  River  Flats 

Glyndon  

lloorhead,  (on  Red  River) 

Bed  River,  (top  of  bank) 

Red  River,  (bed  of  river) 

Fint  Cheyenne  croesiDg 

Summit  between  the  two  crossings 

Second  Cheyenne  crossing 

Lake  Eckelson 

Summit  between  Cheyenne  and  James  Rivers. 

James  River .* 

On  Coteau  of  the  Missouri 

Divide,  Coteau  of  the  Missouri 

On  Coteau  of  the  Missouri 

Missouri  River,  (at  mouth  of  Heart  River) 


Distance  from 
Duluth. 


Miles. 
136 
137 
143 
151 
161 
166 
175 
183 
185 
ld6 
201 
206 
207 
211 
214 
219 
224.2 
226.6 
227.4 
230.1 
230.4 
.235 
242- 
243 
252 


Heiffht  above 
the  sea. 


258 
306 
311 
329 
342 
346 
366 
387 
425 
440.5 


Feet. 

1,197 

1,220 

1,224 

1,330 

1,349 

1,310 

1,409 

1,318 

1/360 

1,387 

1,420 

1.3:^7 

1,362 

1,367 

1,308 

1,325 

1,200 

1,167 

1,150 

1,132 

1,145 

1,083 

978 

927 

903 

902 

857 

900 

1,445 

1,230 

1,418 

1,405 

1,393 

1,H61 

1,7^ 

1,873 

1,700 


Table  III. — A  list  of  elevations  and  distances  along  the  Saint  Paul  and  Por 
eific  Railroad,  from  Saint  Paul  to  Breckenridge,  on  Red  River,  assuming 
low  water  in  the  Mississippi  River  at  Saint  Paul  to  be  680  feet  above  the  sea. 


Mississippi  River,  at  Saint  Paul 

Elver  at  Saint  Anthony 

Mi  Rueapolis  Station 

Wayzata 

Dc^no 

Howard  Lake 

Darwin 

Willmar 

Benson 

Summit 

Morris 

Summit  

Herman  Station 

Gorton.'. 

Babbit  Bon 

Braokeniidga 

■  ■"  ■■  ■  |. 


Distance  from 
Saint  Paul. 


Miles. 
0 

9.5 
10.5 
24 
40 
54 
62 
105 
134 
151.5 
159 
161 
178 
185.5 
201 
217 


Height  above 
the  sea. 


Feet. 

680 

795 

825 

926 

918 

1,044 

1,122 

1, 119 

1,037 

1,162 

1,117 

1,146 

1,058 

1,012 

972 

953 
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Table  IV. — A  list  of  elevations  and  distances  ahng  the  Saint  Paul  and 
Sioux  City  Railroad  from  Saint  Paul  to  Le  MarSj  assuming  lotc  water 
at  Saint  Paul  to  he  ^Ofeet  above  the  seorleveL 


Distance  from 
Saint  Paul. 


Height  abore 
the 


Belle  Plaine 

Biakoley  

East  Henderson «. 

Le  Suear 

Ottawa 

Kosata 

Maukato 

South  Bend 

Crystal  Lake  

Madelia 

Saint  James 

Buttedield 

Mountain  Lake 

Bingham  Lake  .^ 

Wiudom 

Wilder   

Heron  Lake 

Hersey 

Wortliington    

Bigolow  

Sibley 

Le  Mars 


Miles. 

Feet. 

47 

786 

52 

789 

58 

795 

63 

816 

69 

851 

77 

857 

86 

853 

90 

870 

100 

1,057 

110 

1,009 

121 

1,061 

130 

1,167 

137 

1,281 

143 

1,401 

148 

1,330 

154 

1,427 

160 

1,396 

170 

1,469 

178 

1,568 

188 

.      1,607 

196 

1,489 

245 

1.200 

Table  Y.— A  UM  of  elevations  along  a  line  running  from  Morris  ^  on  the 
Saint  Paul  and  Pacific  Railroad^  southwest  a&ross  the  Coteau  of  the 
Prairies  and  the  Coteau  of  the  Missouri  to  Fort  Sullyj  on  the  Missouri 
River.  Mcamired  by  Mr.  J.  D.  Skinner,  engineer.  Estimated  from  law 
water  at  Saint  Paul. 


Low  water  at  Saint  Panl 

Moi lis  Stiition 

Lake.  TravcxHe,  (top  of  the  bluff) 

Lake  Travei-se,  (bottom  of  the  bluff) 

SuiJiinit  between  Morris  and  Lake  Traverse 

Siinimit  of  the  Coteau  des  Prairies,  (<»n  the  line) 

Western  foot  of  the  coteau t 

Bank  of  James  River 

Water-level  of  James  River 

'Summit  of  the  coteau  between  James  River  and  Fort  Sully 

Average  of  tlio  Missouri  bottom  at  Fort  Sully 

Water-level  of  the  Missouri  River  at  Fort  Sully 

Water-level  of  the  Missouri  River  at  Cheyenne  Agency. .. . 


Height    above 
the  seik 


FceU 
680 
1,1^ 

i,oeo 

960 
1. 1(58 
1,968 
1,498 
l,2c« 
1,268 
1,942 
1,420 

1,:^ 

1,415 
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TABI4E  YL — A  m%8cellane<>u8  list  of  elefoaUonM  in  various  parts  of  Minne- 
sota and  Dakota^  mostly  barometrical. 


LOCALITIES  IN  MINNESOTA. 

Leech  Lake 

Aionnd  Lake  Itaska 

Lake  Pemi^ji---^ 

Lac  qui  Parle 

Plain  near  New  Ulm '.., 

Plain,  latitude,  44°  15' ;  longitude,  95®   

Near  Lake  Shotek,  latitude,  44°  10';  longitude,  95^  42'.... 

BlofEs  east  of  Big  otone  Lake 

Bottom-land  around  Big  Stone  Lake 

LOCAUTIBS  IN  DAKOTA. 

Latitude,  470  10' ;  longitude,  97©  30' 

Latitude,  470  42' ;  longitude,  97°  30' 

Latitude,  44°  10';  longitude,  99°  40',  (bend  of  the  Missouri) 
Latitude,  46<5  30';  longitude,  97°  30',  (Cheyenne  River)  .... 

Devil's  Lake 

Mouth  of  Little  Missouri 

Burnt  Island,  near  the  mouth  of  Heart  River 

Eart  Union,  (two  estimates) 

Upper  plains,  near  the  mouth  of  the  Yellowstone 

Fort  Wadsworth 

Surface  of  the  Coteau  des  Prairies 


Height    aboye 
the  sea. 


Feet. 
l,a')0 
1,680 
1,456 

946 
1,064 
1,160 
1,578 
1,070 

966 


1,102 
1,166 
1,463 
1,228 
l,46r 
1,839 
1,690 
1,970 
2, 017 
2,200 
1,896 
1, 860-2, 046 


I 


Table  VII. — A  list  of  elevations  and  distances  along  two  lines  running 
northward;  one  up  the  Mississippi^  from  Saint  Paul  to  Brainard^  the 
other  along  the  Bed  River  Valley^  from  Glyndony  on  the  Northern  Pacific 
Bailroady  to  Pembina.* 


UP  THE  BUSSISSIPFI. 


Sidnt  Anthony,  (water-level) 

Bice  Creek,  (water-level) 

Bom  River,  (water-level) 

Elk  River,  (water-level) 

Saint  Cloud,  (wat^r-levcl) 

Sank  Rapids,  fwater-level) ... 
Platte  River,  (water-level)... 
Nokav  River,  (water-level)... 
Boffiuo  Creek,  (water-level).. 
Bnunard,  (water-level) 


Distance  from 

Height  above 

Saint  Paul. 

the  sea. 

MxUb. 

Feet. 

9.5 

791 

17 

807 

27.5 

831 

43 

881 

75 

953 

982 

95 

1,054 

120 

1,134 

134 

1,167 

137 

1,184 

*  In  tills  table  low  water  at  Saint  Paul  is  estimated  at  676  feet  above  the  sea-level. 
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Table  YIL— ii  li$t  ofdevaUanB  amd  ditkmceij  dfa^— Chmtiniied. 


FROM  OLTNDON'  TO  8AIMT  VINOKMT  OR  PSMBINA. 


Glyndon 

Buffalo  Biver,  (grade) 

Wild  Rice  Biver,  (grade) 

Boletto  Station 

Kittson  Station 

Bed  Lake  Biver,  (grade) 

Three  hundred  and  forty  mile-post 

Tamarack  Biver,  (grade) 

South  Branch,  Two  Bivers,  (grade) 

Bed  Biver  hank  at  Saint  Vincent,  (opposite  Pembina)  .. 


DistaaoefriQOi 
Glyndon. 


ilite. 


Height  abore 
tfisi 


FdeL 
923 
919 
910 


851 
890 
615 
79S 


Foar  of  these  tables  (II,  III,  lY,  Y,)  give  as  the  elevations  of  trans- 
verse sectious  almost  and  in  some  cases  ^directly  along  east  and  west 
lines,  crossing  the  direction  of  the  leading  streams  at  right  angleSy 
enabling  as  to  jndge  qaite  correctly  in  regard  to  the  topography  bo  tut 
as  it  relates  to  this  direction.  From  Table  YII  we  learn  the  descent  of 
the  Mississippi  Eiver  from  the  crossing  of  the  Northern  Pacific  Baihoad 
to  Saint  Paul,  and  the  descent  of  Bed  River  from  the  same  line  northward 
to  the  British  line;  and  by  bringing  together  the  elevations  on  the  same 
meridian  from  the  different  lines  mentioned  in  these  tables  and  from  tiie 
Union  Pacific  and  Kansas  Pacific  lines,  we  can  obtain  at  least  an 
approxiinately  correct  idea  of  the  topography  along  north  and  aoath 
lines. 

Beginning  with  the  north  line  along  the  Northern  Pacific  road  and 
tracing  it  westward,  we  find  a  somewhat  nnexpected  aniformity  of 
elevation  in  the  timbered  district  which  extends  fix>m  Lake  Superior 
westward  some  fifty  or  sixty  miles  beyond  (west  of)  the  Mississippi 
Biver,  and  as  we  move  farther  westward,  although,  with  one  material 
exception,  we  find  the  variatiou  to  be  gradu^  and  generally  ascending, 
yet  we  shall  notice  very  marked  and  striking  changes  in  the  character 
of  the  country  traversed. 

Starting  from  the  surface  of  Lake  Superior  at  Duluth  with  an  altitnde 
of  600  feet  above^he  sealevel,  we  rapidly  ascend  the  nigg^  encircUDg 
bluffs,  and  in  a  few  miles  reach  a  height  of  1,280  feet.  This  we  find,  by 
examining  Table  II,  is  about  the  average  level  of  a  line  across  the  State 
of  Minnesota  at  this  latitude,  until  we  reach  the  valley  of  B^  Biver, 
when  we  again  descend  some  300  feet.  From  this  average  the  extremes 
along  the  railroad-line  seldom,  if  ever,  vary  more  than  100  feet.  There 
is  a  slight  depression  in  the  immediate  valley  of  the  Mississippi,  as  at 
Brainard  and  Pillager,  but  it  is  certainly  much  less  than  we  would  be 
led  to  infer  from  a  comparison  of  the  higher  margins  of  this  plain  or 
plateau  with  the  much  lower  level  of  Lake  Superior  on  one  side  and 
that  of  Red  Biver  Yalley  on  the  other.  Even  this  central  depression 
will,  in  a  great  measure,  disappear  if  we  follow  a  direct  line  from  Dulath 
to  Moorhead,  instead  of  following  the  southward  curve  of  the  road  as  it 
approaches  the  river,  for  in  moving  south  it  descends  proportionally. 
As  we  approach  the  divide  between  the  waters  of  the  Mississippi  and 
Bed  Bivers,  there  is  an  ascent  of  about  100  feet  above  the  average,  and 
nearly  200  feet  above  the  former  river.    As  a  matter  of  coarse,  the  road 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES.       289 

is  constxncted  along  the  lowest  levels;  therefore  oar  figures  in  the  tables, 
as  a  rule,  represent  the  lowest  points  of  the  surface,  and  give  us  but 
little  idea  of  the  local  and  isohvted  irreguhirities  in  the  contour;  and 
especially  is  this  the  case  where  the  line  crosses  a  divide  between 
different  water-basins.  In  this  case  we  should  probably  add  150  or  200 
to  the  figures  given  in  the  table  to  get  a  true  average  of  the  elevation 
of  this  divide,  which  is  here  called  Leaf  River  Hills,  and  which  extends 
some  distance  north  and  south. 

If  we  move  north  from  the  point  where  we  cross  the  Mississippi,  fol- 
lowing up  its  valley,  we  observe  that  the  accent  is  rather  more  rapid  than 
toward  the  west,  as  will  bo  seen  by  the  following  list  of  elevations  taken 
from  General  Humphreys'  report  on  the  Mississippi  Eiver: 


Month  of  Sandy  Lake  River 

Month  of  Swan  River 

Head  FuUs  of  Peckagama 

Mouth  of  Leech  Laki  fiiver 

Entrance  to  Lake  Cass , 

Entmnce  to  Lake  Traverse 

Itasca  Lake 

UtiooBt  sources  of  the  Mississippi. 


Alx)ve  the 
sea-lcvt'l. 


Feet. 

1,253 

1,21J0 

l,:uo 
1,:^ 
1,402 
1,456 
1,575 
l.beO 


As  a  matter  of  course,  before  we  pass  the  divide  in  this  direction  a  still 
higher  point  will  be  reached,  although  there  is  no  marked  ridge  sepa- 
rating this  basin  from  that  north  of  it. 

II  we  pass  westward  to  Eed  River  we  find  the  elevation,  where  the 
roa<l  crosses  it,  but  900  feet  above  the  level  of  the  sea ;  and  as  we  move 
northward  along  its  course  it  gradually  descends,  until,  at  Pembina,  the 
altitude,  according  to  the  railroad-surveys,  is  but  702  feet  above  the  sea. 
It  is  therefore  evident  that  in  passing  from  the  basin  of  the  Upper  Mis- 
sissippi into  Red  River  Valley  we  have  descended  to  a  general  level 
about  400  feet  lower,  and  in  doing  this  have  ])assed  over  a  broad  rim 
from  100  to  300  feet  higher  than  the  upper  plateau. 

What  the  vertical  topogiaphy  is  northeast  from  the  sources  of  the 
Missil^ippi,  I  am  unable  to  say  ;  but,  as  the  waters  of«that  section  tlow 
northward  and  eastward  into  another  basin,  it  is  evident  the  descent  is 
in  that  direction,  and  the  list  of  heights  along  Namenlain  and  Rainy 
Lake  Rivers,  from  Lake  Superior  to  the  Lake  of  the  Woods,  as  given  in 
part  below  from  the  geological  report  of  Mr.  Iliud,  will  show  at  least  the 
amoant  of  this  descent  to  that  line  or  water-level.  As  a  matter  of  course^ 
there  is  sou^ie  kind  of  a  divide  between  these  two  basins,  but  those  who 
have  passed  over  it  at  different  points  say  that  as  a  general  tiling  it  is 
an  imperceptible  swell ;  in  some  places  it  is  marked  by  low  ridges,  which 
separate  the  numerous  marshes  of  this  portion  of  MinnesoU\.  The  prom- 
inent ridge  marked  in  some  maps  as  running  eastward  from  the  south- 
ern margin  of  Red  Lake  is  wholly  imaginary. 

The  following  list  of  elevations  along  the  Nameukan  and  Rainy  Lake 
Rivers,  taken  from  the  geological  report  of  Mr.  Hind,  gives  us  the  slope 
of  the  main  channel  of  this  northern  international  basin,  and  is  very  im- 
portant in  this  connection,  although  part  of  the  link  between  it  and  the 
HissisRippi  J^in  is  wanting : 

10  OS 
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Table  VII. — A  list  of  elevations  and  distances,  cf' 


Di 


FIl(»M   riLYNDON  TO    SAINT  \'TNCKNT  OR  FEMBINA. 

Glyndon  

Biiliiiln  KivfT,  (;ir,nlo) 

Wild  Kir*.'  Kivrr,  (;;rjul»?) 

Roli'tt.o  Station 

Kitlsr»ii  Station  

Rt*(l  r.aki"  Riv«T,  (jjjradi') 

Thr«'«'  hundred  and  forty  mile-post 

'hnuaraok  Iviv<'r.  (;jradt') 

South  Braneli.  Two  Rivors.  (gratlc) .  u 

Red  River  hank  at  Saint  Vincfiit,  (opposite  1 '  ■.^!.- 

TiiJU 

liU 

Four  of  tliese  tables  (II,  III,  l\\  iV.7 

Terse  sections  iilinost  aiul  in  so)  

lin(»s,  crossing  the  ilii-ection  of 
enabling  ns  to  judge  quite  cor 
as  it  relates  to  this  direction, 
the  Mississippi  River  from  th( 
to  Saint  Paul, and  the  des(*ent 
to  tiie  l>ritish  line;  and  bv  • 
meridian  from  thediifereiH 
Unicm  Pacific  and  Kans:< 
apjiroxiinately  correct  i*!- 
lines. 

beginning  with  the  ?■ 
tracing  it  westwanl. 
elevation  in  the  tiiii! 
westward  some  fift 
River,  and  as  we  t: 
exception,  we  \\w\ 
vet  we  shall  nor'- 


of  the  count!  v  i 
Starting  fron. 
ofOOO  feet  :i'»o 
blntfs,  and  i:i 
examining  ' 
of  Miune>' 
when  wc  • 
along  tin- 
is  a  sli;:) 
Rraina- 
led  to  i 
V>hite;i 
that  i 
will,  i 
to  M 
apj.i 
As  \ 
Rer 
ne;: 


.:td  eastward- _^ 
*^c  unable  to  ii 
.   V.  loiperfeet  as  i 
..    t:-.»wiiig  may  b 
.  AZiou :  That  tht 
ijere  is  directed 
:iri»<liately    west  » 
- '  ^A  >rruck  tlie  chan  r  ^ 
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I  regret  tliat  this  line  caiiDotbe  extended  eastward  direct  from  Rjiiny 
Lake  to  Lake  Superior ;  but  I  have  been  unable  to  find  any  record,  if 
one  was  ever  made.  Yet  from  this  list,  imperfect  as  it  is,  we  learn  some 
iui])ortant  facts,  among  which  the  following  may  be  mentioned  as  of 
Rjiecial  interest  in  tlie  present  examination :  That  the  di\ide  betweeu 
Lake  Superior  and  Kainy  Lake,  which  here  is  directed  northeast,  main- 
tains an  elevation  ccpial  to  that  immediately  west  of  Duluth.  It  is 
true  that,  at  the  point  where  Mr.  Hind  struck  the  channel,  the  elevation 
was  a  little  less  than  that  immediately  back  of  Duluth,  but  the  rest  of 
the  table  as  given  in  his  work, , but  not  quoted  here,  shows  that  at  a 
short  distance  northeast  of  that  point  the  altitude  is  1,300  to  1,400  feet 
above  the  sea.  And,  as  Owen  asserts  in  his  Geological  Survey  of  Wis- 
consin, Iowa,  and  Minnesota,  the  bordering  rim  of  the  immediate  Lake 
Superior  Basin  increases  in  height  toward  the  northeast. 

A  second  fact  we  learn  from  this  list  is  that  the  slope  of  the  Winni- 
peg Basin  along  tliis  line  is  tolerably  rapid  toward  the  northwest,  reach- 
ing at  Lake  Winnipeg  a  level  only  28  feet  above  that  of  Lake  Sui>erior. 
It  shows  also  that  Kainy  Lake  is  fully  GOO  feet  lower  than  the  extreme 
source  of  the  Mississippi  and  the  Lake  of  the  Woods  700  feet  lower. 

The  elevation  of  Red  Lake  may  have  been  ascertained,  but  if  it  has 
I  have  been  unable  to  find  the  record ;  yet  I  think  we  have  good  reason 
to  infer  that  it  is  Icvss  than  that  given  for  the  source  of  the  Mississippi. 
It  is  drained  into  lied  Kiver  at  apoint  where  the  elevation  is  only  about 
850  feet  iibove  the  sea ;  the  length  of  Ked  Lake  River,  by  which  its 
waters  are  carried  off,  is  probably  not  more  than  one  hundred  miles, 
twenty-live  or  thirty  of  which  are  through  the  remarkably  flat  valley 
of  Red  River,  and,  so  far  as  I  can  learn,  the  rest  is  without  any  con- 
siderable falls.  I  allude  thus  particularly  to  the  elevation  of  this  lake 
as  it  will  assist  us  in  determining  the  height  of  the  rim  of  the  Missis- 
sippi Basin  on  the  northwest,  and  the  character  of  the  descent  to  the 
Red  River  Basin  in  that  direction.  By  bringing  together  these  facts  we 
are  enabled  to  form  a  tolerably  correct  idea  of  the  configuration  and  ele- 
vation of  the  northern,  northeastern,  and  northwestern  boundary  of 
the  plateau  of  the  Upper  Mississippi  Basin. 

The  line  of  the  Saint  Paul  and  Pacific  Railroad  to  Breckenridge, 
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althongh  presenting  a  less  rapid  ascent  while  passing  through  the  tim- 
ber-strip— some  fifty  miles  in  width — reaches  an  average  of  1,100  feet 
above  the  sea  when  we  arrive  at  the  prairie-belt  which  forms  the  divide ; 
but  when  we  arrive  at  Breckenridge,  near  the  head  of  lied  Iliver,  wo 
have  again  descended  to  953  feet  above  the  sea  and  jire  only  50  feet 
higher  than  at  Moorehead.  If,  instead  of  following  the  railroad-line, 
we  move  up  the  valley  of  the  Minnesota  Kiver  to  its  source  in  Big 
Stone  Lake,  cross  over  to  Lake  Traverse,  and  pass  northward  down 
Red  River,  we  find  a  very  remarkable  channel,  which  reaches  at  no 
point  an  elevation  of  more  than  OGO  or  970  feet  above  the  sea-level, 
or  about  280  or  290  above  the  Mississippi  at  Saint  Paul.  This  im- 
mense furrow,  connecting  the  drainage  of  Hudson  Bay  with  that  of  the 
Gulf  of  Mexico,  reaching  at  no  point  an  elevation  of  1,000  feet  above 
the  sea,  possesses  great  interest  in  the  study  of  the  i)hysical  geography 
and  surface-geology  of  the  Northwest.  Here,  in  all  probability^  will  be 
found  the  key  to  the  last  act  in  the  great  geological  drama  of  this  sec- 
tion, and  here  undoubtedly  will  be  found  the  last  traces  of  the  union  of 
the  arctic  and  tropic  oceans  across  the  bosom  of  the  continent.  It  was 
here  the  waves  of  these  two  great  seas  gave  their  parting  kiss  befoi^e 
their  long  separation.  But  it  is  not  my  intention  to  dwell  on  this  inter- 
esting topic;  this  is  the  work  of  the  geologist  who  delights  to  dwell  in 
tlie  fading  scenes  of  the  far  disUint  i)ast.  My  business  is  with  the  present 
features^  and  the  object  I  have  now  in  view  is  the  dull  and  prosy  one 
of  conveying  an  idea  of  the  topography  of  the  region  drained  by  the 
headwaters  of  the  great  father  of  waters,  our  own  noble  Mississippi. 

It  is  evident,  therefore,  from  what  has  been  said  and  from  the  lists  of 
elevations  given,  that  these  waters  are  gathered  from  a  moderately'  ele- 
vated and  segregated  plateau,  whose  border,  starting  from  the  vicinity  of 
Lake  Superior,  sweeps  around  northwest  until  it  approaches  the  valley 
of  Red  River,  attaining  its  maximum  altitude  in  the  direction  of  Red 
Lake;  thence  bending  south  it  fades  away  in  the  rolling  prairies  as  it 
approaches  the  channel  of  the  Minnesota  River.  Rising  from  300  to 
1,000  feet  above  the  surrounding  regions  it  slopes  southward  and  from 
the  east  and  west  sides,  especially  the  latter,  inwardly  toward  the  cen- 
tral channel. 

As  before  remarked,  in  traveling  westward  from  Lake  Superior  to  the 
Missouri  River,  although  we  may,  as  a  general  rule,  find  a  very  great 
uniformity  in  altitude,  we  shall,  on  the  other  hand,  find  very  strong  con- 
trasts in  regard  to  the  character  and  covering  of  the  surface,  and  also 
marked  climatic  differences.  Leaving  the  last  until  the  subject  of  cli- 
mate is  introduced,  I  will  call  attention  here  to  the  other  differences 
which  are  important  items  in  making  up  our  estimate  of  the  agricultural 
resources. 

This  basin,  as  a  whole,  differs  very  materially  from  the  regions  farther 
west  in  the  fact  that  the  larger  portion  is  covered  with  forests,  the 
western  and  more  elevated  portions  alone  consisting  of  prairies.  The 
ninety-fifth  meridian  corresponds  very  nearly  with  the  division  between 
the  two  portions,  although  there  are  west  of  this  line  some  scattering 
oak-groves,  and  immediately  east  of  it  a  few  isolated  prairies  of  small 
extent.  The  entire  portion  of  the  State  east  and  northeast  of  the  ^iis- 
sissippi  and  for  a  short  disUmce  west  of  it,  north  of  Saint  Paul,  is 
covered  almost  entirely  with  pine  and  tamarack  forests.  And  within  this 
pine-covered  area  is  found  another  very  marked  distinction  from  the 
section  west  of  Red  River.  And  I  call  special  attention  to  these  differ- 
ences between  Minnesota  and  Dakota,  for  the  reason  that,  when  we  come 
to  examine  the  climate,  especially  the  rainfall,  we  shall  find  a  diflTerence 
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sraroely  to  he  expedited.  The  northeastern  part  of  the  State  may  be 
cliarncterized  as  the  region  of  ftwampa  and  bogs.  A  strip  of  some  fif- 
teen or  twenty  miles  in  width  around  the  western  end  of  the  lake — which 
is  nniuired  to  reach  the  summit  of  the  bhili* — and  which  is  rapidly  as- 
cending and  mostly  rugged,  as  a  matter  of  course  is  well  draiued; 
but  as  soon  as  we  pass  beyond  this  limit  we  enter  ui>on  a  succes  ion  of 
bogs  and  swamps  separated  by  low  ridges  a  few  feet  in  height,  which 
continue  until  we  come  near  to  the  Mississippi,  and  are,  in  fact,  repeated 
for  a  short  distance  west  of  it  at  some  points.  These  ridges,  which 
ai)pear  to  be  composed  entirely  of  drift-material  similar  in  character  aud 
color  to  the  underlying  or  neighboring  rocks,  seem  to  have  a  genenil 
north  and  south  or  northeast  and  southwest  direction.  This  parallel- 
ism of  even  these  small  swells  between  the  boggy  flats  is  but  a  rei)eti- 
tion  on  a  small  scale  o^  a  remarkable  feature  of  this  part  of  the  North- 
west to  which  I  have  ali-eady  alluded  in  speaking  of  the  ex)urse  of  the 
rivers.  Owen  calls  special  attention  to  it  in  his  report  on  the  geology 
of  this  region  as  follows,  (chapter  iv,  p.  333 :) 

As  what  I  cinicei  ve  to  Lavo  been  great  valleys  in  the  roeky  strata  of  largo  portions 
of  Wiijconsiii  and  Minnesota  bave  been  liHed  up,  and  the  country,  in  a  great  nieai^ure, 
hoveled  by  the  aecnmnhition  of  ininieuse  deposits  of  drift,  it  is  not  possible  to  deterniiue, 
with  anything  like  accuracy,  the  width  of  the  original  vaUeys,  nor  the  exact  lines  of 
the  anticlinal  axis  separating  them ;  but  the  distances  from  one  synclinal  line  to 
another  may  be  ascertained  now,  witli  as  much  precision  as  the  linear  surveys  of  that 
region,  togtither  with  the  draughts  of  the  principal  streams  in  the  unsnrveyed  i>ortious 
of  th(»  Territory,  by  members  of  the  geological  cordis,  will  permit.  Thus,  from  tlie 
vaUey  of  Chippewa  Kiver,  at  the  mouth  of  Manidowish  to  that  of  the  Upper  Sjiiut 
Croix,  in  a  direct  line  and  at  right  angles  to  the  course  of  the  valleys,  is  about  sixty 
milcvS ;  and  from  the  valley  of  the  Saint  Croix  to  that  in  which  the  Mississippi  flows, 
between  the  outlet  of  Sandy  Lake  and  the  mouth  of  Crow  Wing  River,  in  tno  same 
direction  across  the  strike  of  the  valleys,  is  alxmt  sixty-two  miles  ;  and  from  this  por- 
tion of  the  valley  of  the  Mississippi  to  tlie  next  parallel  valley— in  which  Leech  Lake 
is  situated — is  about  tifty  miles ;  and  from  the  valley  of  Leech  Lake  to  the  next  great 
parallel  vallej'  northwest  of  it — the  one  in  which  Ked  Lake  lies — is  about  sixty-iMght 
miles;  showing  a  remarkable  degree  of  uniformity  in  the  undulations  of  the  crust  of 
the   earth   thronghont   a  very  extensive  region  of  country.        *  *        There  are 

three  great  systems  of  valleys  in  the  Northwest,  besides  numeroils  subordinate  ones, 
the  valleys  of  each  system  preserving  a  very  uniform  degree  of  i)arallelisui  with  one 
another  and  with  the  smaller  valleys  between  the  anticlinal  axes. 

He  then  proceeds  to  ennmerate  the  various  valleys  of  these  systems 
hy  the  names  of  the  rivers  occnpyini?  them,  showing  this  parallelism  to 
prevail  to  such  au  extent,  not  only  in  regard  to  the  larger  valleys  and 
streams,  but  even  in  respect  to  the  numerous  smaller  water-courses  and 
valleys,  as  to  make  it  evident  that  it  arises  from  some  law  connecte<l 
with  the  geological  forces  and  structure.  lie  gives  it  as  his  opinion 
that  the  great  structural  features  of  the  country  are  due  to  subterranean 
movements,  acting  at  different  periods  on  an  immense  extent  of  the 
crust  of  the  earth  and  with  great  uniformity  during  esich  epoch,  and  not 
to  local  disturbances  only  or  to  mere  alterations  of  the  surface  from 
glacial  or  diluvial  action,  however  much  these  agencies  may  have 
altered  the  face  of  the  country. 

This  may  be,  and  doubtless  is,  true  in  regard  to  the  direction  of  the 
larger  divides  and  valleys,  but  it  will  scarcely  apply  to  the  small  ridges 
which  separate  the  bogs  and  swamps  of  Northeastern  Minnesota  or  the 
smaller  parallel  ridges  of  Dakota  and  Nebraska.  Water  alone,  or  water 
and  wind  were  certainly  the  forces  that  formed  these;  perhaps  glacial 
action  may  have  played  a  part  in  originally  outlining  them. 

Leaving  the  northeastern  part  of  the  State  and  moving  westward 
across  the  Mis8issij)pi  toward  the  opposite  boundary  of  the  basin,  we 
observe  a  very  marked  and  important  change  in  regard  to  the  surface- 
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coTering.  The  pines  with  their  dark-green  foliage  and  the  gloomy 
tainaraok  gradually  disappear,  and  for  some  distance  wc  pass  through 
groves  of  deciduous  trees,  chiefly  oak,  with  some  intermixture  of  elm 
and  ash.  About  the  ninety-fifth  meridian  we  emerge  upon  the  open, 
rolling  prairies ;  yet  for  some  distance  the  rounded  hillocks  are  often 
covered  with  open  groves  of  oak,  and  the  little  intervening  basins  are 
occupied  by  cleiir,  limpid  lakes,  presenting  a  charming  landscape.  Here 
perhaps  will  be  found  some  of  the  most  beautiful  spots  in  the  State — 
and  by  '^here"  I  intend  that  strip  running  from  Red  Lake  south,  includ- 
ing Becker  and  Otter  Tail  counties  and  following  the  divide  between 
the  basins — the  green,  grassy  sward  covering  the  gently-rounded  knolls 
and  gra<lual  slopes  and  carpeting  the  surface  amid  the  open  oak-groves, 
where  the  trees  appear  as  regularly  distanced  as  though  they  had  been 
planted  by  the  hand  of  man.  At  the  foot  of  almost  every  slope  is 
a  beautiful,  clear  lakelet,  filled  with  finny  tribes.  We  could  sc^ircely 
imagine  a  scene  more  charming. 

It  is  a  singular  fact  that  the  entire  surfiice  of  this  western  prairie- 
divide,  which  separates  the  Upi)er  JMississippi  Basin  from  the  valley  of 
Red  River  and  from  the  u])per  i)art  of  Miunvsota  River  Valley,  is  dotted 
with  innumerable  lakes  of  small  size,  many  of  which  are  without  any 
visible  outlets.  If  wo  examine  a  good,  late  map  of  the  State,  made  on 
a  scale  of  suflScient  size,  we  shall  find  an  immense  circlet  of  these  lakes 
extending  from  Saint  Paul  northwest  and  then  north  an<l  northeast,  to  the 
source  of  the  Mississippi,  following,  as  a  general  rule,  the  more  elevated 
portions  of  the  country  and  the  divides  between  the  streams;  it  is  said 
that  not  less  than  ten  thousand  of  these  lakes  are  to  be  found  in  the 
State.  Why  are  these  found  so  generally  on  the  divides  and  the  higher 
gronndt  What  connection  is  there  Ix'tween  the  two  ?  These  are  inter- 
esting questions,  to  which  I  may  hereafter  recur  either  in  this  or  a  future 
report,  for  it  is  evi<lent  that  the  existence  of  these  lakes  in  this  position 
has  an  important  bearing  upon  the  hygrometric  condition  of  the  atmos- 
phere and  the  ajnount  of  the  rain-fhll  in  this  i)ortion  of  the  country. 

Continuing  our  course  westward  along  the  same  line  upon  which  we 
originally  started,  we  next  pass  down  a  gentle  slope  of  some  400  feet 
descent  into  the  broad  valley  of  Red  River.  This  valley,  or  rather 
plain,  for  such  it  really  is,  extends  northward  from  Lake  Traverse  to 
I^ake  Winnipeg,  having  an  average  wi<lth  of  thirty  or  thirty  five  miles, 
one  uniform  level  scarcely  interrupted  by  a  swell  or  depression,  save  the 
channels  cut  bj'  the  tributaries,  which  enter  almost  at  regular  intervals. 
There  is  perhaps  no  place  on  the  continent  that  so  fully  meets  our  idea 
of  a  '*  flaf  or  "  dead-level"  country  as  this  valley.  Professor  Owen  has 
tndy  remarked  that  "nothing,  however,  but  personal  observation  can 
convey  to  the  mind  the  singular  efiect  produced  by  this  dead-level 
plain.  The  line  of  the  horizon  is  so  perfectly  straight  that  it  might 
serve  the  purpose  of  astronomical  observation  for  determining  the  alti- 
tude of  the  heavenly  bodies.  While  standing  on  this  great  savanna, 
rtraining  my  eyes  in  quest  of  some  object  more  prominent  than  a  blade 
of  grass,  it  occurred  to  me  that  there  is  probably  no  spot  on  the  globe 
more  tmitable  than  this  on  which  to  measure  a  degree  of  latitude."  It 
is  only  personal  observation  that  can  convey  to  the  mind  the  effect  of 
this  singular  feature;  even  the  gentle  slopes,  which  border  it,  ai)pear  in 
the  distance  as  abrupt  blufils  when  we  gaze  at  them  across  this  level 
surface. 

The  Saint  Paul  and  Paciflc  Railroad,  which  runs  diagonally  across  it 
for  forty  miles,  during  this  distance  is  without  a  curve,  a  fill,  or  a  <;ut, 
save  what  is  neeessary  to  remove  the  sod.    It  is  one  immense  meadow 


294       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

of  tall,  waving  fprass,  interrupted  every  twelve  or  fifteen  miles  by  a 
narrow  fringe  of  trees,  cliiefly  oak,  that  lines  the  bank  of  some  tributary 
which  tlows  into  it  from  the  east  or  west.  The  descent  of  the  stream 
nortliward,  counting  along  a  direct  line,  is  about  one  foot  to  the  mile, 
but  if  we  follow  its  windings  the  fall  will  be  less  than  this  amount. 

Passing  westward  beyond  this  valley  we  observe  a  very  distinct 
change  in  the  scenery.  Here  the  treeless  plains  spread  out  before  us  in 
long,  rolling  swells,  in  that  peculiar  and  somewhat  serai-gloomy  ffrandeur 
which  belongs  alone  to  the  great  trans-Mississippi  plains,  of  Tiliicli  this 
is  a  part.  The  surface  gradually  ascends  and  becomes  more  undulating, 
broken  into  long,  low,  rounded  ridges,  smooth,  grassy  knolls  and  hil- 
locks, furrowed  here  and  there  by  the  narrow,  deep  canon-like  valley 
of  some  stream,  or  by  a  dry  coulee,  which  marks  the  pathway  of  some 
ancient  creek  or  river.  Instead  of  the  forests  of  the  eastern  basin,  or 
the  tall,  waving  grass  of  Red  River  Valley,  we  now  see  the  low,  pale- 
green  sward,  or,  as  we  move  farther  into  the  interior,  the  short  bunch- 
grass,  which  formed  the  favcfrite  food  of  the  immense  herds  of  buffaloes 
and  antelopes  that  once  roamed  over  these  plains.  Ilere  and  there  we 
see  a  lake  amid  the  somewhat  barren  surroundings,  but  the  while  in- 
crustations on  the  bowlders  which  line  its  shores  tell  us  too  truly,  what 
our  taste  confirms,  that  its  waters  are  brackish,  mostly  unfit  for  the  use 
of  man  or  beast;  a  few  fresh-water  lakes  are  found,  but  these  are  rare. 
Another  f(»ature,  which  causes  us  to  have  doubtful  forebodings  of  the 
distant  future,  is  the  frequency  of  what  are  significantly  termed  "dry 
lakes."  These  are  the  dry  and  parched  basins  where  but  a  compara- 
tively few  years  past  lakes  existed,  not  in  the  distant  geological  past, 
but  in  several  instances  within  the  memory  of  those  now  living.  The 
surface  of  the  country  between  the  valle}^  of  Red  River,  on  the  east, 
and  Missouri  River,  on  the  west,  may  be  described,  in  general  terms,  as 
consisting  of  high,  rolling  prairies,  intersected  by  the  valleys  of  a  few 
streams  which  run  south.  But  this  general  contour  is  interrupted  by 
two  elevated  plateaus,  which  stand  high  above  the  general  level  as 
inonuments  reared  by  the  vast  aquatic  forces  of  the  i)ast,  as  if  to  give  us 
some  idea  of  their  stupendous  power.  The  smaller  of  these  elevated 
plains,  the  (;Oteau  des  Prairies,  extends  from  a  ])oint  about  forty  miles 
west  of  the  north  end  of  Lake  Traverse,  latitiule  46^  and  longitude 
07^  .JO',  southward,  expanding  and  somewhat  dividing  toward  its  south- 
ern extremity.  The  western  arm  of  this  southern  extension  encroaclies 
close  upon  James  River  Valle3',  about  latitude  44^  LV,  where  it  ends; 
the  other  arm  reaches  southeast,  passing  down  on  the  east  side  of  the 
head- waters  of  IWg  Sioux,  and  gradually  fades  out  in  the  southwest 
corner  of  ^linnesota.  The  elevation  of  it^  surface  averages  nearly  2,0(H) 
feet  above  the  level  of  the  sea,  varying  from  1,800  feet  to  2,04(5  feet, 
sliowing  a  rise  above  the  plains  east  of  it  of  about  800  feet  and  above 
the  valley  west  of  it  of  700  feet. 

The  other  i)lateau  is  the  Coteau  of  the  Missouri.  This  hugs  the  val- 
ley and  follows  the  course  of  the  Missouri  northward  from  Fort  Su  11  v  to 
the  great  bend  of  the  river  near  the  mouth  of  the  Yellowstone.  Here  it 
recedes  and  extends  in  a  northwest  diiection  into  British  I*ossessions, 
wiiere  it  gradually  fades  out  and  is  lost.  It  varies  in  width  from  thirty  to 
liity  miles  and  in  height  from  1,S00  to  2,LM)0 feet  above  the  sea;  but  the 
surface  is  more  irregular  than  that  of  the  other  coteau,  portions  of  it 
rising  as  much  as  200  feet  above  the  general  average.  The  general  ele- 
vation (!orres|)onds  very  closely  with  that  of  the  Coteau  des  Prairies, 
showing  very  clearly  some  relation  between  the  origin  of  the  two.  Ou 
eacli  are  numerous  small  lakes,  mostly  impregnated  more  or  less  with 
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saline  matter,  and  at  many  points  on  each  bowlders  are  quite  plenty.  So 
much  so  is  this  the  case  with  the  Coteau  of  the  Missouii  that  Mr. 
Skinner  remarks,  in  rejjard  to  the  section  where  his  line  crossed  it,  that 
"  it  is  very  stony."  This  elevated  plain  will  furnish  us  with  the  explan- 
ation of  the  great  bend  of  the  Missouri  in  the  northwest  part  of  Dakota, 
and  its  <lirection  southeast  from  that  point. 

Pembina  Mountain,  which  is  situated  within  the  belt  now  under  con- 
sideration, and  near  the  internntional  boiiiidary-line,  is  nothing  more 
than  an  elevated  plateau,  similar  in  character  to  those  already  described, 
but  much  smaller. 

1  may  remark  here  thjit  the  country  northward,  even  as  far  as  the 
Saskatchewan,  along  this  meridional  belt,  preserves  about  the  same 
character  that  we  see  exhibited  in  Dakota.  I  was  at  first  under  the 
impression  that  when  we  entered  the  valley  of  the  Assiniboine  we  would 
find  a  section  supplied  with  more  moisture  and  ranker  vegetation  than 
further  south,  but  from  information  received  from  i)ersons  who  have 
long  lived  in  that  region  1  am  satisfied  it  is  but  a  repetition  of  the  type 
we  see  along  the  northern  border  of  Dakota. 

Recurring  again  to  the  vertical  topography,  I  would  call  attention  to 
the  fact  that  after  we  leave  the  valleys  of  Hod  and  Minnesota  Hi  vers  we 
notice  a  gradual  westward  ascent,  and  in  order  to  obtain  a  correct  idea 
of  these  slopes  I  estimate. b}'  the  lowest  water-levels,  whenever  these 
can  be  obtained,  and  where  they  are  wanting  I  use  the  lowest  land- 
levels,  or  such  as  represent  the  average  elevations  of  extensive  plains 
or  valleys.  Following  this  rnle  we  find  that  the  ascent  along  the  North- 
ern Pacific  Railioad,  west  from  Red  River  to  the  Missouri  River,  averages 
a  little  over  4  feet  to  the  mile.  From  Lake  Traverse  to  the  Missouri 
Biver,  at  Fort  Sully,  the  average  ascent  is  not  more  than  2  feet  to  the 
mile,  and  from  the  bend  of  Minnesota  River  to  the  Missouri,  at  the 
mouth  of  Big  Sioux,  it  is  not  more  than  l.J  feet  to  the  mile :  but  in  this 
case  the  land  accent,  until  we  reach  Le  Mars,  is  about  2  feet  to  the  mile. 

The  plains  immediatt4y  east  of  Cheyenne  River,  and  between  it  and 
James  River,  and  west  of  the  latter  to  the  Coteau  of  the  ^lissouri,  have 
an  average  elevation  of  about  1,450  fec^  above  the  sea,  and  from  1)0  to 
150  feet  above  the  streams  which  traverse  this  region. 

Devil's  Lake  appears  to  be  situated  on  a  plateau  or  swell  forming  the 
divide  between  the  Cheyenne  River  and  the  northern  tributaries  of  Red 
River. 

It  has  an  elevation  of  1,4G7  feet  above  the  sea,  or  about  100  or  150 
feet  above  the  level  of  Cheyenne  River  at  the  point  immediately  oppo- 
site. But  it  is  a  general  rule,  as  I  have  before  stated,  that  the  lakes  iu 
the  prairie-portion  of  the  jS^orthwest  are  situated  on  the  divides  between 
the  streams.  Lake  Eckeli?on,  on  the  line  of  the  Northern  Pacitic,  be- 
tween Cheyenne  and  James  Rivers,  has  an  elevation  of  1,418  feet  above 
the  sea — very  nearly  the  same  as  Devil's  Lake — 188  feet  above  Chey- 
enne River,  and  25  feet  above  James  River. 

The  lea<ling  ridges  and  land-swells,  so  far  as  my  observations  in  the 
southern  and  northern  part  of  the  Territory  have  extended,  appear  to 
run  nearly  north  and  south,  the  direction  being  slightly  west  of  north 
and  east  of  south.  But,  as  will  be  seen  by  reference  to  a  map  of  the 
country,  this  corresponds  with  the  general  direction  of  the  streams; 
and,  Ji8  the  drainage,  is  southward  from  latitude  48^,  we  may  inl'er  that 
there  is  a  gradual  descent  southward  as  well  as  eastward.  No  suificient 
data  have  yet  been  obtained  for  determining  accurately  the  rate  of  this 
descent  to  the  south,  yet  we  may  approximate  to  it  from  the  following 
itemB :  James  Biver,  at  the  crossing  of  the  Northern  Pacific,  (latitude 
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460  52^)  is  1,393  feet  above  the  sea,  and  at  the  point  where  Mr.  Skin- 
uer's  line  crossed  it — about  latitude  45^  28' — ^it  is  1^207  feet  above.the 
sea.  This  would  give  an  average  descent  along  this  valley  of  a  little 
less  than  1  foot  to  the  mile.  Missouri  River,  at  Fort  Union,  has  iin  ele- 
vation of  1,970  feet;  at  the  mouth  of  Heart  Biver,  1,700  feet,  and  at 
Fort  Sully,  1,398  feet  Using  these  figures  and  calculating  the  distance 
moved  directly  south,  we  find  the  descent  to  be  about  2  feet  to  the  mile, 
or  140  feet  to  the  degree  of  latitude.  These  figures  would  indicate  that 
the  elevation  of  the  river  at  Yankton  is  about  1,060  feet  above  the  sea ; 
but  this  estimate  is  probably  a  little  too  low,  as  the  rate  of  desoeat 
doubtless  decreases  as  we  move  eastward  and  probably  as  we  move 
southward ;  1,130  feet  would  likely  be  nearer  the  correct  figure. 

Another  point  in  regard  to  the  level  of  these  leading  streams  worthy 
of  consideration  is  the  difference  between  them  at  the  same  latitude. 
At  latitude  4Go  50^  the  Missouri  is  1,700  feet  above  the  sea;  the  James, 
1,393 ;  and  Bed  Biver,  900.  At  kktitnde  45^  SO'  the  Missouri  is  (about) 
1,510,  while  James  Biver  is  but  1,260 ;  yet  the  difference  in  longitude 
between  the  two  is  about  the  same  at  this  lower  point  that  it  was  at 
the  upper,  each  having  moved  eastward,  in  this  distance,  about  half  a 
degree. 

Passing  west  of  the  Missouri  we  have  only  to  look  at  the  map  to  learn 
the  direction  of  the  descent,  all  the  tributaries  which  flow  into  it  bdow 
the  Little  Missouri,  as  has  before  been  stated,  having  an  almost  directly 
eastern  course ;  but  sufBcient  data  have  not  been  obtained  to  give  Uie 
vertical  toi>ography  of  this  western  section. 

If  we  enlarge  our  area,  and  include  all  north  of  Kansas  Biver  and 
west  of  the  Mississippi  as  fer  as  the  one  hundred  and  first  meridian,  and 
compare  the  elevations  of  points  corresponding  in  longitude!  along  the 
different  lines  running  west  from  the  Mississippi,  we  will  obtain  a  pretty 
correct  idea  of  the  topography  of  the  North  west,  as  estimated  from  the 
lower  or  water  levels.  It  is  true  that  this  will  not  enable  us  to  form  any 
idea  of  the  higher  intermediate  points  or  the  surface-contour,  but  know- 
ing, as  we  do,  that  there  are  no  elevated  ridges,  no  prominent  peaks  or 
rugged  portions,  the  general  slopes  form  the  most  important  topograph- 
ical feature. 

First.  Along  the  line  of  the  Northern  Pacific  Bailroad,  which  corre- 
sponds very  nearly  with  the  forty^seventh  parallel  of  latitude :  the  Mis- 
sissippi at  Brainard,  1,205 :  Bed  Biver  at  Moorhead,  903 ;  James  Biver 
at  the  crossing,  1,393 ;  and  the  Missouri,  at  the  mouth  of  Heart  Biver, 
1,700  feet  above  the  level  of  the  sea. 

Secondly.  Along  a  line  running  from  Saint  Paul,  by  way  of  Lake  Trav« 
erse  to  Fort  Sully,  which,  though  bending  considerably,  we  may  conwdw 
as  corresponding  with  the  forty  fitlh  parallel  of  latitude:  the  Missis* 
sippi  at  Saint  Paul,  G80 ;  Lake  Traverse,  9G0 ;  James  Biver,  at  the  fioint 
where  Mr.  Skinner  crossed  it,  1,200  5  Missouri  Biver,  at  Fort  Sully, 
1,398. 

Thirdly.  Along  aline  from  Davenport,  by  way  of  Omaha  and  the  Union 
Pacific  Railroad,  corresponding  very  nearly  with  the  forty-first  parallel ; 
the  Mississippi,  at  Davenport,  528 ;  the  Missouri,  at  Omaha,  966 ;  Lone 
Tree,  on  the  line  of  the  Union  Pacific,  1,686;  and  North  Platte  Station, 
on  the  same  line,  2,789. 

Fourthly.  On  a  line  running  from  Saint  Louis  westward  along  the  Kan- 
sas Pacific  Bailroad,  and  corresponding  with  the  thirty-ninth  parallel: 
the  Mississippi,  at  Saint  Louis,  375 ;  State-line,  at  the  mouth  of  Kansas 
Biver,  648 1  Fort  Barker,  on  the  Kansas  Pacific,  1,484 ;  and  Buffido,  on 
the  same  hue,  2,678. 
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The  following  data  may  be  added  as  correspondlDg  with  the  forty- 
third  parallel :  the  Mississippi,  at  Dubuque,  580  ^  the  Missouri,  at  Sioux 
City,  1,093. 

By  selecting  in  succession  the  corresponding  elevation  from  these  dif- 
ferent lines,  we  will  obtain  the  vertical  topography  along  four  ditferent 
meridians,  beginning  in  each  case  at  the  north  and  running  south,  one 
or  two  additional  numbers  being  introduced  where  it  is  possible  to  ex- 
tend the  line. 

Tlie  line  of  the  MimssippL — Rainy  Lake,  1,035 ;  the  divide  between 
the  Kainy  Lakeand  Mississippi  Basins, (about)  1,700 ;  Leech  Lake,  1,330 ; 
Brainard,  1,205  ;  Saint  Paul,  080;  Dubuque,  iiSO'j  Davenport,  5.8;  Saint 
Louis,  375. 

Along  a  line  corresponding  very  nearly  with  the  ninety-sixth  meriilian, — 
Pembina,  790  ;  Moorhead,  903 ;  Lake  Traverse,  900;  Sioux  City,  1,093; 
Omaha,  9GG  ;  mouth  of  Kansas  River,  048. 

Along  or  near  the  ninety-eighth  meridian. — Devil's  Lake,  1,407 ;  James 
River, at  the  North  Pacific  crossing,  1,393;  same  river,  at  Skinner's  cross- 
ing, 1,2(50;  the  Missouri,  at  Yankton,  (about)  1,130;  Lone  Tree,  on  the 
Union  Pacific  road,  1,030;  Fort  Uarker,  on  the  Kansas  Pacific  road, 
1,484. 

Along  ornear  the  one  hundred  ayid  first  meridian, — The  Missouri,  at  the 
mouth  of  Heart  River,  1,700 ;  the  same  riv^er,  at  Fort  Sully,  1,398 ;  North 
Platte  station,  on  the  Union  Pacific  road,  2,789 ;  Buffalo  station,  on  the 
Kansas  Pacific  road,  2,078. 

It  is  apparent  from  these  figures  that  the  plain  or  plateau  from  which 
the  Upper  Mississippi  gathers  its  waters  is  elevated  considerably  above 
the  region  north  iiiid  northwest  of  it,  and  that  it  is  separated  from  the 
west^^ru  plains  of  Dakota  and  Southwestern  Minnesota  by  the  much 
lower  valleys  of  Red  and  Minnesota  Rivers. 

In  passing  south  along  the  ninety-sixth  meridian,  which  corresponds 
very  nearly  with  the  line  of  Red  IMver,  after  passing  Lake  Traverse, 
we  do  not  again  descend  to  the  same  level  until  we  reach  Omaha,  on  the 
Missouri  River,  showing  that  the  waters  of  the  Big  Sioux  tire  gathered 
from  a  phun  elevated  considerably  above  the  level  of  Lake  Traverse. 
It  is  therefore  evident,  as  heretoibre  stated,  that  there  is  a  broad  and 
somewhat  elevated  swell  extending  southeast  from  the  Coteau  des 
Prairies,  which,  though  spreading  out  into  broad  and  apparently  level 
prairies,  continues  for  a  considerable  distance  into  Northwestern  Iowa. 

Another,  and  perhaps  the  most  important,  fact,  learned  from  the  fig- 
ures along  these  north  and  south  lines  is  that  the  plains  of  Nebraska 
and  Kansas,  after  we  have  passed  a  short  distance  into  the  interior,  are 
more  elevated,  and  more  rapidly  ascending  (westward)  than  any  |)()rtion 
of  Dakota  east  or  northeast  of  the  Missouri;  in  other  words,  that  as 
we  move  northward — sa^',  for  example,  along  the  one  hundred  and  first 
meridian — we  descend,  and  this  descent  continues  far  into  the  British 
Possessions ;  not  that  it  is  by  any  means  uniform,  but  that  as  we  ])hss 
from  one  plain  to  another,  or  from  one  basin  to  another,  we  descend,  as 
a  general  rule. 

MINNESOTA. 

As  before  indicated,  this  State  consists  of  two  districts  differing 
widely  in  regard  to  the  covering  and  character  of  the  surface,  and  also 
with  respect  to  their  agricultural  resources.  The  northeastern  portion, 
embracing  probably  one-third  of  the  entire  area,  being  covered  almost 
entirely  with  coniferous  forests,  is  partially  interrupted  by  bogs  and 
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iniirslios.  When  the  laud  in  this  part  of  the  State  has  bceu  denndod 
soitifwiiat  of  its  forest-coveiiiij?,  ami  shall  be  urgontl.y  deuuuided  for 
a^ii<ultural  jiiivposes,  a  larj^e  imrtioii  of  this  marshy  section  may,  and 
probably  will,  be  reiKlered  suitable  for  tillaf;e  by  an  extensiv^e  system  of 
drainage;  bnt  this,  to  be  siiecessful,  will  require  a  large  expenditure  of 
labor  and  money,  and  will  only  be  done  when  it  shall  have  been  deprived 
of  its  valuable  covering  ot*  timber  and  alter  the  nnu-e  inviting  agricul- 
tural regions  to  the  west  shall  have  been  fully  occupied.  Notwithstand- 
ing the  somewhat  tbrbidding  aspect  of  this  section  to  the  t»ye  of  the 
farmer  w  ho  is  seeking  a  home  in  the  West,  yet  it  is  not  impossible  that 
the  day  may  come  when  this,  having  been  thorou^rhly  drained,  will  bo 
considered  the  richest  agricultural  portion  of  the  Slate ;  such,  at  least, 
is  the  oi)inion  of  some,  even  among  those  who  have  no  personal  interest 
in  the  matter.  Its  chief  value  m)w  is  its  timber;  but  this  is  by  no  means 
a  small  item,  the  lumbering  interest  being  one  of  the  most  im])ortant  of 
the  State.  The  sections  drained  by  the  head-waters  of  the  IViississi[)pi 
and  Saint  C'roix,  as  well  as  the  regions  bordering  Lake  Superior,  Are 
clothed  with  immense  forests,  chielly  of  i»ine.  Although  the  timber  of 
these  Ibrests  is  very  valuable,  it  must  not  be  supposed  that  the  whole  of 
this  area  is  uniformly  covered  with  timber  that  is  valuable.  As  a  gen- 
eral rule,  so  far  as  my  observations  and  information  extend,  the  swamps 
and  marshes  are  geneially  covered  by  tamarack,  of  but  little  value  for 
any  other  i)ftrpose  than  fuel  or  fencing,  and  wholly  unfit  for  lumber. 
Tiie  pine,  as  a  general  rule,  iseonfined  to  the  inter\'oninglow  ridges  and 
swells  in  the  marshy  sections,  the  more  broken  areas  around  the  lake, 
an<l  the  lighter,  sandy  soils  of  the  valleys  of  the  streams. 

On  the  W(*st  side  ot  the  Mississij)pi  there  is  a  tolerably  broad  and 
len;:'tliy  belt  of  tiuiber,  extending  from  Crow  Wing  Uiver  southward  to 
within  some  sixty  or  seventy-tiv(*.  miles  of  the  soutiiem  boundary  of  the 
S':atr,  consisting  of  deciduous  trees,  chielly  oak  and  elm,  with  an  inter- 
mix! ure  ot*  ash  and  maple.  This  forest  strip  covers  one  of  the  richest 
bodies  of  land  in  the  State,  the  soil  being  a  dark,  rich  loam,  heavily 
mixed  with  vegi^table  mold,  and  reminding  one  nnich  of  the  richest  bot- 
toms in  the  State  of  Missouri.  This  belt  (»f  timber  is  called  the  '*  Big 
AVoods,"  and  is  about  one  hundred  miles  in  length  and  forty  miles 
^vi<le. 

The  following  stattMuent  of  the  InmbiHing  o])erations  for  ISiVd  and 
1S70  will  jiive  some  idea  of  the  extent  of  this  business  in  Minnesota,  to 
^vhieh  il'  we  add  that  of  Wisconsin,  (which  is  probably  erjual  in  amount 
to  that  of  Minnesota.)  we  will  b(>  able  to  arrive  at  an  a^jproximate  esti- 
mate of  tlu'  lumber  interests  west  of  Lake  ^Michigan: 

i'^i;o.  1870. 

Saint  Croix,  i'vrt  of  lo«;s  hc:i1«'<1 loS,  :WJ,  A7^\  10l,ii77,T76 

Missi.s^il»pi,  iV-<l  of  \n*rs  sralod U'J,  7<i;>,  o;UI  I'il,  llJr^lJJU 


Total  of  tlu'se  two  (list ikt.s iir.lJilM,  l.^l  ailMltJ.  U'l 


Of  tlK-  total  lo;:-c'r<»p  of  l'^70,  tluTo  were  snit  to  market  unniauufai  tuivd, 

lilt ir.7, 177,431 

Si'iit  to  iiiaikct  as  uiaiiufactnivd  luiul.»cr,  fciit 17r>, l.i;{*^,  1*85 


The  western  and  southwestern  portion  of  the  Stfite,  as  hei-etofore 
staled,  consists  almost  wholly  of  undulating  prairies,  until  we  reach  the 
flat  and  broad  valley  of  IJed  IJiver. 

In  order  to  convey  as  correct  an  idea  as  x>ossible  of  the  uortherii  and 
western  i»ortions  of  the  State,  (I  omit  the  southeastern  portion,  as  it  is 
so  well  known  that  any  description  of  it  is  wholly  unnecessary,)  so  far 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       299 

■ 

as  relates  to  the  soil  and  a^icultnral  resources,  I  cannot  do  better  tban 
insert  the  notes  taken  while  passing  along  the  leading  railroad-lines. 

And,  first,  I  insert  the  few  notes  taken  along  the  line  from  Saint 
Paul  to  Duhith. 

For  several  miles  out  of  Saint  Paul  until  after  we  have  passed  a  short 
distance  beyond  White  Bear  Lake,  tlie  country  is  rolling  and  slightly 
broken,  and,  where  not  in  cultivation,  is  covered  with  oak-groves, 
mostly  bushes  near  the  city,  but  increasing  in  size  after  we  have 
advanced  some  distance  into  the  country.  The  surface  ot*  the  coun- 
try here  appears  to  be  knotted  and  i)itted,  thus  affording  basins  for  the 
numerous  little  lakes  found  in  the  northern  part  of  this  (Ramsey)  coun- 
ty, and  in  fact  over  a  considerable  area  in  this  part  of  the  State.  After 
parsing  White  Bear  Lake  a  slight  change  commences  ;  the  conifers  be- 
gin to  appear,  especially  in  the  low  au<l  swampy  spots ;  the  surface 
becomes  more  level,  and  the  aspen  (Pojrulus  tremuloides)  a])peGrs  in  fre- 
quent groves,  its  white  bark  forming  a  strong  contrast  with  the  dark 
pines.  About  North  Branch  the  country  is  quite  level,  and  is  covered 
with  a  pretty  heavy  growth  of  oak,  which  at  a  distance  resembles  the 
post-oak,  {Q.  ohtusiloba,)  The  soil  here  also  is  very  good,  having  a  better 
appearance  than  that  previously'  passed  over.  Much  of  the  surface  be- 
tween Wj'oming  Station  and  this  point  is  marshy,  but  we  should  bear 
in  mind  the  fact  that  the  past  season,  when  I  vivsited  this  section,  was 
more  than  usually  wet.  From  North  Branch  to  Knsh  City  the  surface 
is  level  and  rather  wet,  the  soil  rich,  and  the  timber  heavy,  consisting 
chiefly  of  oak,  elm,  maple,  and  ash.  Oeciisionally  a  hickory  and  butter- 
nut are  seen,  but  these  are  rare.  Conifers,  in  the  swamps,  are  chiefly 
tamarack  or  black  larch,  {Larix  Americana^)  balsam-tir,  (Abtes  Bal- 
gamea^)  &c. 

From  Pine  City,  on  Snake  River,  northward,  the  pine-forests  prevail, 
and  the  surface  of  the  country  is  more  or  less  dam]>  and  swampy.  At 
Kettle  River  we  begin  to  meet  with  the  low,  rounded  drift  ridges,  the 
soil  consisting  of  a  reddish  sandy  clay,  intermixed  with  small  red  bowl- 
ders; in  many  places  the  sand  a[)pears  to  be  the  chief  ingredient.  At 
this  ])oint,  and  also  at  several  points  along  the  Northern  Pacific,  we  met 
with  the  wild  strawberry  in  fruit,  (July  3-10.) 

As  we  approached  the  junction  with  the  Northern  Pacific  we  were 
met  by  a  cold  northern  mist,  that  compelled  us  to  draw  on  our  overcoats 
and  made  fire  very  comfortable.  From  here  to  Duluth  we  descend  the 
rugged  bluff  that  surrounds  Lake  Superior;  in  going  twenty  miles  we 
make  a  descent  of  nearly  GOO  feet.  The  dark  waters  of  Saint  Louis  River 
rush  down  to  our  right  over  the  ragg(»d  rocks  with  a  deafening  roar, 
plunging  and  dashing  theniselves  into  loam  as  they  leap  from  leclge  to 
ledge  or  drive  through  the  narrow  rugged  gorges,  i)rcsenting  a  scene  of 
wildness  and  grandeur.  Whether  it  wiM  ever  be  utilized  or  not  is  more 
than  I  can  say,  yet  it  is  true  that  here  is  an  immense  water-i)ower. 

It  is  scarcely  within  the  scope  of  my  duties  to  speak  of  the  prospects 
of  any  town  or  city  in  a  commercial  point  of  view,  but  as  Duluth  is 
destined  to  be  the  chief  port  of  the  western  end  of  Lake  Sujierior,  and  as 
a  matter  of  course  the  principal  shipping-point  of  Minnesota,  so  lar  as 
Inke-transit  is  concerned,  a  few  remarks  in  regard  to  it  may  not  be  out 
of  place  here. 

Although  it  will  labor  under  some  material  disadvantages,  yet  it  is 
destined  to  make  a  place  of  considerable  importance.  Its  disadvantages 
are  as  follows:  The  climate  can  by  no  means  be  called  a  favorable  one, 
although  what  I  saw  could  scarcely  be  taken  as  a  fair  sample  of  sum- 
mer weather.    The  winters,  as  1  understand  by  those  who  have  visited 
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tbis  point  in  search  of  health,  are  by  no  meaiM  as  hanh  and  aeTere  as 
we  might  suppose ;  bat  the  spring  is  unpleasant,  and  the  weather  dar- 
ing this  part  of  the  year  disagremble.  The  seoond  disadvantage  is  the 
fact  that  it  cannot  be  said  to  have  any  surrounding  fiurming-land  to  give 
it  a  local  trade  depending  on  agriculture.  Thirdly,  the  shipping^season 
18  short,  closing  rather  too  early  to  allow  time  to  gather  in  the  orops 
'from  the  distant  sections,  where  they  are  somewhat  late. 

Its  advantages  in  part  are  as  follows :  It  is  the  extreme  western  lake- 
point  of  the  Northwest,  which  is  a  very  important  item ;  it  is  the  near- 
est point  of  water-communication  with  the  ocean  for  a  very  large  area 
of  country,  viz,  Minnesota,  Dakota,  and  the  grain-districts  of  British 
America  northwest  of  the  lakes ;  it  has  most  excellent  water-power  criose 
at  hand,  in  the  Saint  Louis  Biver ;  bein^  the  only  imi>ortant  lake-port  of 
Minnesota,  it  must  necessarily  have  the  influence  and  sympathy  of  that 
rapidly-gipwing  State :  and,  finally,  it  is  the  eastern  terminus  of  the 
great  northern  Trans-Continental  Bailway,  which  must  make  it  an  im- 
portant point.  These  are  important  advantages,  which  must,  in  spito 
of  the  disadvantages  under  which  it  labors,  ultimately  make  a  city  <tf 
considerable  size,  and,  so  long  as  this  line  of  road  controls  the  trade  of 
Manitoba  and  other  portions  of  Western  British  America,  give  it  an 
international  character. 

The  following  notes  relate  to  the  country  along  the  Northern  Padflo 
line: 

After  leaving  the  junction, as  we  move  westward,  we  enter  along 
stretch  of  marshy  landl^  covered  chiefly  by  forests  of  pine  and  tama- 
rack, and  this  continues,  with  but  little  variation,  until  we  reach  Aiken. 
Here  we  notice  a  change  in  the  surface  and  character  of  the  land ;  the 
soil  also  shows  a  variation  from  that  eastward.  The  surfoce  becomes 
slightly  undulating,  the  sub  soil  more  sandy  and  mixed  with  gravd  { 
oak  also  begins  to  make  its  appearance;  and  although  there  is  ocoanon* 
ally  a  swamp,  yet  the  country  westward  from  here  to  Brainard  may  be 
fairly  classed  as  agricultural.  The  timber  between  these  points  is 
chiefly  pine ;  yet  there  is  a  slight  intermixture  of  oak,  elm,  and  aspen, 
and  occasionally  an  ash.  A  short  distance  before  reaching  Brainard 
we  enter  upon  a  sandy  level,  which  continues  to  the  Mississippi,  and  is 
repeated  for  some  distance  on  the  west  side.  The  soil  here,  notwith- 
standing its  sandy  character,  is  rich  and  productive,  and  will  doubtless 
produce  heavy  crops  of  cereals.  The  Mississippi  cuts  its  way  through 
this  level  in  a  deep  channel  like  a  large  canal,  without  low  bottoms. 
After  crossing  to  the  west  side  we  pass  for  some  distance  over  a  sandy 
level  covered  with  an  open  pine-forest ;  in  a  few  miles  the  soil  gradually 
ch<anges  to  a  darker  hue,  and  we  occasionally  meet  with  wet  and  marshy 
spots,  in  which  the  ominous  tamarack  makes  its  appearance.  Oecasional 
broad  low  ridges  now  begin  to  be  seen,  clothed  with  deciduous  trees, 
chiefly  oak,  elm,  ash,  and  bass-wood ;  the  soil  is  good,  and,  with  the  ex- 
ception of  a  few  points,  will  make  excellent  farming- lands.  After  leav- 
ing the  sandy  region  the  soil  is  mixed  with  clay  and  gravel.  A  short 
distance  east  of  Wadena  the  surface  becomes  slightly  undulating  and 
somewhat  destitute  of  timber,  being  partially  covered  with  oak-bushes, 
which  fade  out  as  we  enter  upon  the  prairie-region }  the  surfifice-soil  is 
quite  rich. 

From  Leaf  Eiver  westward,  for  some  fifteen  or  twenty  miles,  we  pass 
through  a  section  alternating  with  low,  broad  ridges,  and  wet,  narrow 
bottoms  or  ^^  slashes,^  the  ridges  being  composed  almost  wholly  of 
gravel,  though  the  surface-soil  is  a  rich  mold,  and  mostly  covered  with 
mixed  timber,  including  an  occasional  large  piue ;  but  this  tree  is  now 
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rapidly  disappearing  as  we  move  westward.  As  we  fipproacb  Hobart 
8tatiou  we  enter  ui>on  a  beautiful  undulating  prairie,  witb  a  dark,  ricb 
sarfacc-soil,  bat  I  noticed  bere  tbat  it  is  underlaid  with  a  heavy  gravel- 
deposit,  which  even  a  single  furrow  of  the  plow  exposes  to  view.  As 
we  move  on  the  surface  becomes  slightly  more  rolling,  not  broken,  but 
gracefully  rounded  into  hillocks,  ridges,  and  valleys,  with  here  and 
there  groves  of  oaks  on  the  hillocks  and  along  the  banks  of  the  streams. 
We  ai'e  now  in  that  section  which  I  have  heretofore  spoken  of  a«  being 
the  prettiest  portion  of  the  Stiite,  a  description  of  which  need  not  be 
repeated  here.  This  beautiful  undulating  prairie-belt,  witb  its  green 
sward,  occasional  oak  groves,  (but  these  gradually  disappear  after  we 
pass  Detroit  Lake,)  and  numerous  clear  lakelets  continue  until  we  begin 
to  descend  the  divide  into  the  valley  of  Red  River.  The  soil  is  a  rich, 
dark  loam  ;  the  subsoil  appears  to  be  composed  generally  of  gravel  and 
clay,  with  a  marly  appearance,  mixed  with  bowlders,  the  former  decreas- 
ing and  the  latter  increasing — in  proportion — as  we  move  westward. 
The  bowlders  are  mostly  gray  or  red  granite,  though  some  of  other 
rocks  were  seen. 

I  may  remark,  in  passing,  that  I  noticed  the  cuts  through  this  hilly 
portion  very  carefully,  to  see  if  there  was  any  evidence  of  stratified 
rocks  or  rocks  of  any  kind  in  position ;  but  no  sign  of  such  rocks  were 
seen.  At  some  points  there  are  large  accumulations  of  bowlders,  but  all 
these  hills  and  the  entire  surface-material  for  a  considerable  depth  are 
evidently  drift. 

The  descent  to  the  valley  of  Red  River  is  very  gradual  along  the  line 
of  the  road,  but  from  the  valley  it  is  very  apparent,  rising  up  in  the 
form  of  a  sloping  bluff.  It  is  unnecessary  to  rei>eat  the  description  of 
this  valley ;  the  surface-soil  is  black  muck  some  4  to  G  feet  deep,  the 
first  li  feet  being  tilled  with  a  matted  mass  of  grass-roots;  the  subsoil, 
as  will  be  seen  from  the  following  record  of  the  boring  for  an  Artesian 
well  at  Fargo,  is  blue  clay,  which  is  very  tenacious.  The  margins  of 
the  streams  in  this  valley  are  lined  with  a  narrow  strip  of  timber,  chiefly 
oak,  with  some  elm. 

The  following  is  the  record  of  the  boring  of  the  Artesian  well  at 
Fargo,  so  far  as  it  had  penetrated  at  the  time  I  last  visited  that  point, 
(September  3,  1872 :) 

Feet. 

Soil 3 

White  and  yellow  (or  drub)  clay 50 

Flue  dark  clay 42 

Small  stono  and  gravel 10 

Hard  clay  ("hard  pan")  mixed  with  gravel  and  bowlders 115 

Soft,  dark-bine  shale 32 

CoariM)  sand-rock (i 

Soapstoner 4 

After  piercing  the  sand-rock  water  rose  to  within  some  10  or  12  feet 
of  the  surface,  with  an  apparently  good  supply.  The  depth  of  the  well 
at  that  time  was  262  feet,  and  the  boring  had  stopped  with  little  pros- 
pect then  of  being  continued,  as  Mr.  Barker,  superintendent  of  the  work, 
tbonght  it  nseless  to  go  farther,  it  being  his  opinion  that  the  next  rock 
will  be  the  igneous  or  metamorphic.  As  will  be  seen  from  this,  one 
drawback  in  this  rich  valley  is  tbe  difficulty  of  obtaining  a  supply  of 
water. 

The  next  line  passed  over  in  Minnesota  was  that  leading  from  Saint 
Paul  to  Breckenridge— a  branch  of  the  Saint  Paul  and  Pacific — a  distance 
of  two  hundred  and  seventeen  miles.  The  following  is  an  abstract  of 
the  notes  taken  at  the  time  I  passed  over  this  road : 
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From  Saint  Panl  to  Lake  Minnetonka  the  land  ia  rolling  and  aomewhat 
broken  and  sparsely  covered  with  small  oaks.  There  are  here,  aa  on 
Dhe  east  side,  a  nnmber  of  small  lakes,  bat  I  noticed  several  small  basins 
which  apiiear  to  have  contained  formerly  smalMakes,  but  whidi  are  now 
only  empty  basins.  After  we  pass  this  point  the  country  is  less  hilly, 
though  still  slightly  rolling ;  the  soil  is  generally  rich  and  qnite  fertile ; 
the  forests  are  heavy,  and  timber  large,  diiefly  oak,  elm,  and  ash^  with 
some  maple  and  aspen.  Of  the  oak  there  are  two  or  three  species,  among 
which  I  noticed  what  I  supposed  to  be  the  burr-oak  or  over-cnp(^- 
macrocarpa)  and  the  scarlet  oak,  (Q.  eaoeinea})  but  I  may  have  been  mia- 
taken  as  to  the  species.  As  I  have  heretofore  remarked,  this  timber- 
section  has  a  very  dark,  rich  soil,  very  little  of  it  being  interrupted  by 
swamps  or  t'jo  wet  for  cultivation.  I  noticed  here  both  white  and  red. 
clover  growing  luxuriantly.  The  few  swampy  flats  seen  were  generally 
clothed  with  the  gloomy  tamarack.  These  characteristics  coptinue 
until  we  come  near  to  Darwin,  where  we  enter  upon  a  somewhat  open 
country,  having  a  prairie-like  appearance,  though  we  have  not  yet 
emerged  upon  the  true  prairies.  The  surface-soil  is  still  dark  and  rich, 
and  the  surface  slightly  undulating,  but  the  subsoil  where  exposed 
begins  to  show  a  heavy  intermixture  of  gravel.  At  Darwin,  or  rather 
a  short  distance  beyond  it,  we  enter  upon  the  prairies,  though  a  consid- 
erable body  of  timber  can  still  be  seen  to  the  north.  The  surface  here 
is  somewhat  undulating,  but  less  broken  than  at  the  corresponding 
point  on  the  Northern  Pacific  line ;  there  are  also  here  scattered  over 
the  country  numerous  small  lakes,  indicating  an  ap|>roach  to  the  divide 
between  basins.  The  subsoil  is  still  gravelly,  but  this  character  appearo 
to  be  gradually  disappearing  as  we  move  westward.  When  we  reach 
Morris  we  enter  upon  a  level  plain,  which  continues  without  interruption 
to  Red  River ;  it  is,  in  fact,  an  expansion  of  the  valley  of  that  river, 
and  as  far  north  and  south  as  the  eye  can  reach  the  same  unvarying 
level  is  seen ;  and  here  for  forty  miles  is  a  line  of  railroad  as  straight 
horizontally  and  vertically  as  possible  to  make  it,  without  a  cut  or  iill 
worthy  of  mentioning.  The  soil  is  much  the  same  as  at  Glyndon,  on 
the  Northern  Pacific;  in  fact,  there  is  but  little  variation  in  the  char- 
acter of  this  valley  its  entire  length.  I  am  satisfied  that  along  the  Saint 
Paul  and  Pacific  Railroad  nine-tenths  of  the  land  can  be  cultivated  and 
will  yield  abundant  crops  of  such  cereals  as  are  adapted  to  the  climate. 
And  I  may  be  allowed  to  digress  here  for  a  moment  to  give  an  idea  of 
the  future  prospects  of  this  road  from  the  grain-trade. 

Take  the  length  in  round  numbers  at  two  hundred  miles  and  a  strip. 
twenty  miles  wide,  giving  an  area  of  four  hundred  square  miles,  or 
2,oG0,U00  acres ;  deduct  one-fifth  as  unfic  for  ciUtivation,  and  suppose 
one-half  of  the  remainder  to  be  annually  planted  in  wheat,  ^024,000 
acres,  at  17  bushels  to  the  aei*e,  (the  average  yield  in  Minnesota,) 
amounts  to  17,408,000  bushels.  Allowing  400  bushels  to  thecar,  it  would 
take  43,520  cars,  or  six  trains  per  day  of  24  cars  to  the  train,  (300  days 
in  the  year,)  to  move  this  immense  yield  of  but  a  twenty-mile  strip  of 
country.  As  a  matter  of  course,  it  is  not  probable  that  this  proportion 
of  the*  land  will  ever  be  cultivated  in  small  grain,  but  certainly  these 
figures  do  not  overestimate  its  capability,  and  give  us  an  idea  of  the 
bread-producing  resources  of  this  portion  ot  the  West.  It  is  true  the 
ratio  assumed  will  not  apply  generally,  but  with  a  moderate  deduction  it 
will  apply  to  the  western  half  of  Minnesota,  the  greater  portion  of  Iowa, 
a  considerable  area  in  Southeastern  Dakota,  and  Eastern  Nebraska. 

I  should  have  stated  that  at  Morris,  on  this  line,  there  is  a  flowing 
well  of  good  water.    The  well  was  being  dug  for  ordinary  purposes,  and 
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bad  reached  a  depth  of  aboat  30  feet,  when  saddenly  the  water  broke 
in  npoQ  the  workmen,  who  escaped  with  difficulty.  The  water  rose 
rapidly  to  the  surface  and  has  been  flowing  freely  ever  since  that  time. 

If  we  follow  a  line  from  Saint  Paul  to  the  southwest  corner  of  the 
State  we  find  the  country  somewhat  similar  to  that  toward  Brecken- 
ridge.  It  is  broken  and  timbered  until  we  reach  Crystal  Lake,  rather 
more  so  than  toward  the  .northwest.  This  strip  of  timber  belongs  to  the 
Big  Woods,  and  consists  of  deciduous  trees,  such  a^  oak,  elm,  ash,  &c. 
After  passing  this  point  we  enter  upon  a  beautiful  undulating  prairie- 
section,  devoid  of  timber,  except  the  little  strips  along  the  banks  of  the 
streams,  which  continues  to  and  beyond  the  southwestern  border  of  the 
State.  The  soil  is  of  an  excellent  quality,  and  the  subsoil  is  generally 
more  or  less  mixed  with  a  kind  of  finely-comminuted  marl,  though  at 
some  points  it  is  composed  in  great  part  of  clay.  There  are  some  small, 
clear  lakes,  but  the  surface  is  seldom  marshy,  the  entire  area  as  a  gen- 
eral thing  being  susceptible  of  cultivation. 

The  following  statistics,  taken  from  the  "  Statistics  of  Minnesota  for 
1870,''  published  by  authority  of  the  State,  will  give  an  idea  of  the 
amount  and  character  of  its  agricultural  products : 

Crops  of  18G9. 


Product. 


Wheat 

Oats 

Com 

llarley 

Rye 

Bnckwbeat 
Potatoes . . . 
Beans  


Acres  cultivated. 


Bushels  produced. 


1, 006, 007 

17, 660, 467 

278,  4j!'7 

10, 510, 909 

1 17, 587 

4,519, 1'JO 

35,  -201 

93H,  4r»6 

4,  (5:52 

75, 6-28 

:^,023 

51,0;i5 

21,156 

1,580,431 

1,010 

29, 002 

Sorgham,  gallons 35, 144 

Maple-sugar,  pounds 205, 702 

Maplc-syrup,  gaUons 14, 815 

Honey,  pounds 93, 651 

Hay,  wild,  tons 532,183 

Hay,  culti  vated,  tons 69, 129 

Hups,  pounds 28:3,335 

Wool,  pounds 382, 902 

Butter,  pounds 6,552,455 


Cheese,  pounds 321, 969 

Apple-trees  growing 316, 552 

Apple-trees  in  In^armg 20, 800 

Bushels  of  apples  produced 9, 932 

Quarts  of  strawberries  grown.. .  148,024 

Timothy-seed,  bushels 2, 279 

Flax,  pounds  of  fiber 15, 106 

Flaxseed,  bushels 7, 801 


Average  yield  of  field-crops  per  acre. 


Wheat 17..^5 

Oats 37.74 

Com 30.62 

Barloy 26.92 


Bushels. 

Rye 16.:}2 

Potatoes 74.70 

Buckwheat 16.83 

Beaus 15. 17 


It  is  not  probable  that  any  considerable  progress  will  be  made  in  fruit- 
growing, as  it  is  evident  that  the  climate  is  too  rigorous  for  the  profit- 
able growing  of  any  varieties  except  the  most  hardy  small  fruits,  as 
strawberries,  currants,  gooseberries,  &c. 

As  before  stated,  the  consideration  of  the  climate  is  reserved  for  a 
future  report;  which  will  be  devoted  to  this  subject. 

DAKOTA. 

This  Territory  has  been  so  recently  settled,  except  a  small  section  in 
the  southeast  corner,  that  but  little  can  be  said  as  to  its  agricultural 
prospects,  save  what  we  can  infer  from  au  inspection  of  its  surface  and 
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Boil,  added  to  the  sliglit  knowledge  we  possem  of  its  dimate.  And  here 
the  last  item  becomes  important  in  this  estiQiate.  as  it  is  known  that  the 
lino  of  sufficient  rain-Mi  is  found  within  its  borders. 

It  possesses,  probably,  the  smallest  amount  of  timber  of  any  State  or 
Territory  in  the  Union,  the  forests  bearine  a  ratio  of  not  more  than  3  to 
5  per  cent,  to  the  entire  area,  and  even  this  ratio  is  obtained  by  adding 
the  amount  supposed  to  be  in  that  part  of  the  Black  Hills  within  its 
boundary. 

With  the  exception  of  the  west  side  of  Bed  Biver  Valley  and  the  sur- 
face of  the  coteauS|  the  whole  of  that  portion  east  of  the  Missouri 
(which  is  the  only  part  I  shall  allude  to  here)  consists  of  elevated, 
undulating  prairies,  very  similar  in  character  to  the  plains  of  thecentad 
and  western  portions  of  Nebraska  and  Kansas.  The  streams,  as  a  gen- 
eral thing,  run  through  deep  and  narrow  valleys,  having  but  a  small 
amount  of  water  in  tiiem,  and  the  fall  being  insufficient  to  carry  the 
water  upon  the  bordering  uplands ;  hence,  as  a  rule,  in  the  northern  and 
central  portion,  if  the  rain-fall  should  prove  insufficient  for  agricultural 
purposes,  there  is  but  little  hope  of  redeeming  any  portion  by  irrigationj 
except  the  narrow  valleys  which  the  streams  traverse. 

As  a  general  rule  the  soil  is  good,  and  where  there  is  a  sufficiency  of 
moisture  there  is  no  reason  why  good  crops  cannot  be  raised ;  but  I  have 
vei:y  strong  doubts  on  this  point,  except  for  the  southeast  portion  and  a 
narrow  belt  along  the  eastern  border. 

The  following  notes,  taken  down  while  crossing  fh>m  Fargo,  on  Bed 
Biver,  to  James  Biver,  along  the  line  of  the  Northern  Pacific  Bailroad, 
will  convey,  I  believe,  a  foir  and  correct  idea  of  this  section  of  the  Ten 
ritory,  the  fact  being  borne  in  mind  that  1872  was  a  more  than  usually 
wet  season. 

For  about  eighteen  or  twenty  miles  the  surface  is  very  flat,  being  the 
west  half  of  Bed  Biver  Valley,  and  corresponding  in  appearance  with 
that  on  the  east  side.  The  soil  is  also  very  similar  to  that  on  the  east 
side,  the  only  difference  noted  being  that  here^  after  leaving  the  river 
for  a  short  distance,  it  becomes  more  or  less  impregnated  with  alkali, 
which  is  quite  apparent  where  the  sod  has  been  turned  or  a  cut  made; 
yet  I  do  not  think  this  is  sufficient  in  quantity  to  ii\jure  any  of  the  ordi< 
nary  crops,  for  I  have  learned  from  my  observations  in  Colorado  and 
Utah  to  look  upon  the  presence  of  a  moderate  quantity  of  alkali  in  the 
soil  with  much  less  serious  apprehensions  than  formerly. 

Passing  westward  beyond  the  valley  we  gradually  rise  to  an  undu- 
lating pruirie,  which  becomes  more  rolling  and  slightly  broken  until  we 
reach  the  second  crossing  of  Cheyenne  Biver.  Although  this  section  is 
evidently  drier  and  not  so  rich  as  the  Bed  Biver  Valley,  yet  I  think  m- 
periment  will  show  that  it  is  tolerably  good  agricultural  land  and  tbut 
the  amount  of  moisture  is  sufficient  for  ordinary  crops.  But  already 
this  troublesome  question  makes  its  appearance ;  already  we  see  the 
grass  growing  much  shorter  and  begiuniog  to  assume  that  peculiar 
character  so  well  known  on  the  western  plains.  Still  I  think  this  strip 
as  far  as  the  second  crossing  of  the  Cheyenne  may  be  properly  classed 
with  the  lands  suitable  for  farming  purposes.  The  valley  of  the  Cheyenne 
is  quite  narrow,  affording  but  a  small  amount  of  tillable  land  and  a 
very  narrow  strip  of  timl^r.  After  passing  this  valley  there  is  a  con 
siderable  rise  before  reaching  the  general  prairie-level  beyond.  I  notice 
here,  where  the  railroad-cuts  have  exposed  the  subsoil,  that  it  is  chiefly, 
I  mip:lit  say  entirely,  compact  drab  clay,  of  considerable  depth.  The 
surface  of  the  countiy  on  the  west  side  is  undulating,  dotted  here  and 
there  with  lakes,  most  of  which  are  strongly  alkaline  or  saline,  their  peb- 
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bly  shores  being  frosted  over  with  the  alkaline  deposit.  Lake  Eckelson, 
which  i8  some  six  or  eight  miles  long,  and  from  one- fourth  of  a  mile  to 
one  mile  wide,  is  the  largest  in  this  immediate  section;  its  waters  are 
brackish,  apparently  more  saline  than  alkaline. 

Here  we  also  meet  with  a  phenomenon  which  leaves  a  very  unfavora- 
ble impression  upon  the  mind  in  regard  to  the  climate  in  this  section. 
I  allude  to  what  are  called  "  dry  lakes,^  the  dry  basins  where  lakes  for- 
merly existed,  but  which  have  in  a  few  years  past  dried  up  from  some 
cause  not  yet  fully  explained.  As  I  have  before  stated,  the  fact  should 
be  borne  in  mind  that  1872 — the  time  of  my  visit  to  this  region — was 
nnasually  wet.  I  mean  by  this  expression  simply  to  state  that  tbe 
amount  of  rain  which  fell  during  the  spring  and  summer  was  more  than 
the  average  amount. 

Not  only  did  I  find  these  dry  lakes  entirely  devoid  of  water,  but  the 
surface  of  the  sediment  which  had  been  deposited  by  the  wati^r  was 
dry  and  powdery  and  strongly  alkaline.  Even  the  lakes  which  contain 
water  api)ear  to  be  getting  lower  and  lower,  if  we  judge  by  the  water- 
lines  along  the  shores.  And  this  calls  to  mind  another  fact  bearing 
upon  the  condition  of  the  climate,  indicated  by  the  facts  stated,  an<l  that 
is  that  all  through  this,  section  of  country  I  noticed  numerous  evidi^nces 
of  former  swampy  spots  where  the  grass  still  is  more  luxuriant  than 
that  surrounding  it,  but  the  water  has  disappeared  from  the  surface. 
For  some  time  I  supposed  that  these  were  points  where  water  accumu- 
lated and  remained  longest  in  the  spring  of  the  year;  although  this  ex- 
planation will  suffice  for  the  condition  of  many,  yet  there  are  sonie  things 
connected  therewith  which  I  can  only  explain  by  the  supposition  that 
they  are  gradually  growing  drier. 

After  passing  Lake  Eckelson  the  surface  of  the  country,  although 
gradually  ascending,  is  tolerable  level  until  we  reach  the  large  amide 
where  there  appear  to  be  two  depressions  or  broad  ravines  running  north 
and  south,  with  an  intervening  ridge.  Perhaps  no  better  illustration  of 
the  Arabian  wady  is  to  be  found  on  tbe  western  continent  than  these 
coulees.  This  very  broad,  dry  ravine  was  evidently  once  the  channel  of 
a  considerable  stream,  the  shiftings  and  duct  nations  of  which  may  yet 
be  detected ;  why  is  it  no  more  tilled  with  water  I  Beyond  this  the  sur- 
face is  slightly  undulating,  but  somewhat  more  in  the  terrace-form  to 
and  west  of  James  Kiver  until  we  reach  the  coteau  of  the  Missouri. 
The  valley  of  the  James  is  narrow,  not  more  than  from  one-half  to  one 
mile  wide,  with  very  little  timber  of  any  kind.  The  surface  of  the  coteau 
is  very  irregular,  being  broken  into  ridges  and  hillocks,  with  here  and 
there  an  occasional  small  lake;  and  from  the  best  information  I  could 
obtain  it  ap])ears  to  be  true,  although  strange,  that  there  is  generally 
no  difficulty  in  obtaining  good  water  on  this  elevated  plateau  by  digging 
wells  to  a  moderate  depth.  I  know  this  to  be  true  in  reganl  to  some  of 
the  elevated  plains  in  the  southern  ])art  of  the  Territory.  The  section 
where  the  greatest  difficulty  is  experienced  in  obtaining  water  appears 
to  be  in  lied  lliver  Valley  and  those  areas  underlaid  by  the  heavy  clay 
deposits. 

Although  the  country  west  of  the  second  crossing  of  the  Cheyenne 
is  well  adapted  to  grazing  and  pastoral  pursuits,  yet  1  am  satisfied  that 
the  average  rain-fall  is  not  sufficient  for  profitable  agricultural  operations* 
There  may  be  seasons  when  the  supply  may  he  sufficient  to  produce 
moderately  good  crops  of  the  cereals,  but  1  think  these  will  form  the 
exceptions  instead  of  the  rule.  It  is  true  no  sufficient  experiments  have 
been  made  to  test  this  question,  and  it  is  due  to  the  welfare  of  the  Ter- 
ritory and  those  who  are  largely  interested  in  this  matter  that  1  should 
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state  that  my  opinion  ia  not  baaed  npon  direct  ezperimenta  in  this  im- 
mediate section,  and  that  tiie  aoil  aa  a  genend  thing  is  good;  also  that 
it  Ifi  very  probable  the  bottom-lands  along  the  streams  will  form  an  ex- 
ception to  this  rule.  I  should  also  state  that  Mr.  Boberta,  the  chief 
engineer  of  the  Northern  Pacific  Bailroad,  expresses  a  somewhat  more 
favorable  opinion  in  regard  to  this  section.  He  may  be  right  and  I  may 
be  wrong ;  I  only  give  my  opinion,  which  is  based  on  certain  evidenoes 
which  will  be  more  fully  set  forth  in  my  report  on  the  climatology  of 
the  West. 

I  was  informed  by  a  gentleman  who  was  for  three  years  connected 
with  the  Indian  agency  at  Fort  Totten,  on  Devirs  Lake,  that  the  sur- 
rounding country  there  consists  of  undulating  prairies,  much  the  same 
as  found  at  the  same  longitude  farther  south  along  the  line  of  the 
North  Pacific,  but  that  the  lower  lands  immediately  around  the  lake  he 
thinks  will,  as  a  general  thing,  produce  crops  without  irrigation,  and  that 
he  founds  his  belief  on  some  experiments  which  were  made  there. 

I  have  been  able  to  learn  very  little  in  regard  to  that  portion  of  Da- 
kota south  of  the  Northern  Pacific  road  until  we  approach  the  south- 
eastern extremity.  This  section  has  seldom  been  traversed  with  a 
view  of  studying  its  agricultural  resources :  yet  from  the  little  I  could 
learn  with  reference  to  it,  I  am  satisfied  that  there  is  a  gradual  im- 
provement southward.  The  valley  of  James  Biver,  south  of  45^  3(K, 
gradually  expands  and  gives  evidence  of  a  greater  degree  of  moisture. 
Even  the  southern  portion  of  the  Goteau  of  the  Prairies  will  in  all  proba- 
bility prove  productive  and  adapted  to  agriculture,  notwithstanding  its 
isolated  elevation.  I  know  from  personal  observation  that  the  section 
drained  by  the  Big  Sioux  is  one  of  the  most  desirable  and  beautiful  por- 
tions of  Dakota,  almost  eveiy  acre  here  being  susceptible  of  profitable 
cultivation.  And  in  onler  to  give  something  like  a  correct  idea  of  this 
portion  of  the  Territory,  I  will  copy  my  notes  taken  while  crossing  from 
Yankton  to  Sioux  Falls. 

After  leaving  the  immediate  bottoms  of  James  Biver,  we  ascended 
some  00  or  70  feet  to  the  upper  or  general  prairie-level,  where  the  sur- 
face is  quite  undulating,  not  broken,  but  interrupted  by  long,  rounded 
swells,  with  a  dark,  rich  soil,  thickly  covered  with  a  heavy  growth  of 
luxuriant  grass,  but  entirely  treeless.  Such  is  the  general  character 
for  twelve  miles;  I  might  add  that  most  of  this  distance  there  ap|>ear8 
to  be  an  ascending  grade.  Here  we  reach  a  small  stream  calleii  Clay 
Creek,  which  runs  through  a  deep,  narrow  valley,  its  (pathway  marked 
by  a  few  scattering  bushes  or  trees.  Beyond  this  we  cross  a  broad, 
rounded  ridge  for  some  eight  or  ten  miles,  the  soil  and  covering  being 
similar  to  those  already  described ;  and  I  may  state  here,  in  regard  to 
this  ridge,  that  which  applies  to  all  the  principal  ridges  in  this  part  of 
the  Territory,  its  direction  is  neariy  north  and  south,  running  a  little 
west  of  north  and  east  of  south.  Descending  from  this  to  Swan  Luke, 
we  enter  upon  a  broad,  level  prairie,  which,  beginning  in  the  vicinity  of 
Turuersville,  continues  eastward  to  Sioux  lliver,  a  distance  of  some 
twenty-five  miles.  Although  I  call  this  a  level  prairie,  I  do  not  intend 
thereby  to  convey  the  idea  that  it  is  a  ''  dead-level  ^  flat  such  as  Red 
River  Valley,  for  such  is  not  the  case,  but  the  undulations  are  slight, 
and,  although  snilicient  for  drainage,  are  scarcely  noticed  by  the  eye. 
The  soil  and  grass  are  similar  throughout  the  entire  route,  but  running 
water — a  stream  of  any  kind — is  wholly  wanting  on  this  level  prairie- 
belt,  save  that  at  Turuersville,  and  the  entire  region  is  timberless. 

It  is  apparent  from  these  note^  that  there  is  a  great  sameness  through- 
out this  portion  of  the  Territory }  and  any  attempt  to  give  a  descrip- 
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tion  of  one  part  as  contrasted  with  another  would  be  nseless,  as  there 
are  no  differences  of  any  importance  in  an  agricultural  point  of  view, 
with  the  single  exception  of  the  contrast  between  the  Missouri  bottoms 
and  the  apland  prairies.  And  here  the  only  difference  is  that  the  former 
is  flat,  the  soil  deeper  and  darker,  being  mixed  with  a  larger  proportion 
of  vegetable  mold,  and  partially  supplied  with  timber,  chiefly  cotton- 
wood  groves. 

The  following  description  of  Union  County,  (the  southeast  county  of 
the  Territory,)  taken  from  **  The  Outlines  of  History  of  the  Territory  of 
Dakota,'^  by  James  S.  Foster,  I  found  to  be  quite  correct,  and  as  it  "will 
^PPlv  pretty  generally  to  the  counties  along  the  Missouri  in  this  part  of 
tlie  Territory,  I  insert  it  here : 

The  surface  of  Union  Coanty  reeembles  that  of  any  of  the  Missonri  River  counties. 
It  has,  however,  more  bottom-lands  than  any  other  coanty.  The  south  half  is  level 
bottom-lands,  only  a  few  feet  above  tbe  bigb- water  mark  of  the  Missouri  River;  the 
north  half  is  rolling  prairie,  elevated  about  20  to  50  feet  above  tbe  bottom-lands.  The 
bottoms  are  perfectly  level  and  very  smooth,  presenting  no  obstacles  to  machine  farming. 
The  uplands  are  generally  undulating,  presenting  to  the  eye  a  beautiful  landscape.  The 
soil  of  the  bottoms  is  a  dark,  saudy  loam,  mixed  with  a  large  proportion  of  vegetable 
mold.  These  bottoms  are  vast  natural  meadows,  producing  an  abundant  growth  of 
ezceUent  grass,  frequently  yielding  over  three  tons  to  the  acre.  The  uplands  also 
afford*  an  excellent  quality  of  nutritious  grass,  but  not  so  luxuriant  in  growth  as 
that  of  the  bottoms.  The  latter  produce  excellent  crops  of  corn,  wheat,  oats,  and 
vegetables,  but  the  uplands,  although  capable  of  producing  all  kinds  of  grain  and 
vegetables,  are  preeminent  for  wheat,  thirty  bushels  to  the  acre  being  an  ordinary 
yield.  Along  the  Missouri,  in  the  southern  portion  of  the  county,  are  large  bodies  of 
heavy  cotton-wood  timber  ;  there  are  also  considerable  bodies  of  timber  skirting  the 
Big  Sioux. 

The  surface  and  soil  of  Clay  County  resemble  those  of  Union ;  the  sur- 
face of  Yankton  and  Bon  Homme  Counties  is  rather  more  rolling,  with  less 
bottom-land,  otherwise  similar  to  Union.  From  the  mouth  of  the  Sioux 
River  to  Vermillion  River,  the  bottom  or  immediate  valley  of  the  Mis- 
sonri is  chiefly  on  the  Dakota  side,  and  varies  in  width  from  five  to 
twelve  miles.  At  Vermillion  the  bluffs — which  form  the  escarpment  of 
the  upper  level  or  plateau — approach  very  near  the  river.  Beyond  this 
the  bottom  again  suddenly  expands,  and  continues  until  we  reach  the 
vicinity  of  Yankton,  varying  in  width  from  five  to  ten  or  twelve  miles. 
1  w^as  somewhat  surprised  to  find  this  part  of  the  Territory  as  well  set- 
tled as  it  is,  a  large  ])ortion  of  the  bottoms  and  a  part  of  the  upper 
prairie  lands  being  already  under  cultivation.  At  the  time  of  my  first 
visit,  judging  by  the  state  of  the  crops,  the  season  really  appeared  to  be 
more  advanced  here  than  in  Northern  Iowa,  owing,  I  suppose,  to  the 
warm  nature  of  the  soil,  which  here  is  generally  underlaid  with  a  heavy 
dei>osit  of  yellow,  saudy  marl  (loess)  which  contains  a  large  amount  of 
the  mineral  elements  of  fertility.  There  appears  to  be  but  little  diffi- 
culty in  obtaining  water  on  the  uplands  by  means  of  wells,  and  the 
comparative  elevation  does  not  appear  to  make  very  great  difference  in 
the  depth. 

The  farmers  here  have  very  wisely  adopted  the  plan  of  planting  out 
forest-trees  as  one  of  the  first  things  they  do  after  making  a  settlement, 
and  notwithstanding  all  the  wild  theories  which  have  been  advanced, 
they  have  had  the  good  common  sense  to  select  the  native  cotton-wood, 
which,  in  five  years  from  planting,  (not  seeding,)  will  commence  afford- 
ing fuel  for  stoves.  I  noticed  at  several  points  thickets  of  the  wild 
plum  (probably  Prunus  chicma)  loaded  with  fruit ;  also  many  grai>e- 
vines  (wild)  in  fruit. 

One  serious  drawback  in  this  section,  which  must  be  seriously  felt  as 
soon  as  the  cotton-wood  groves  along  the  Missonri  have  been  exhausted, 
is  the  deficiency  in  fnel  and  building- material.    The  latter  want  will  be 
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partially  Bnpplied  vben  the  railroads  having  oonneoticmwtti^Uietilmber- 
districts  of  Mionesota  are  extended  Into  this  resworn;  bafctbeae  will 
scarcely  snpply  fliel  at  a  rate  that  will  meet  the  waota  of  the  tumoB. 
It  is  trae  that  roal  can  be  bronght  in,  but  this  will  be  a  heavy  tax  (w 
the  fainiers  of  small  means,  who  live  far  back  on  tbe  ptaltiM,  and  are 
exhausting  all  tJieir  means  and  energy  to  start  a  ft^m  uitoa^TOopua- 
tioD ;  yet  this  will  probably  be  the  only  method  of  meeting  thia  neeea- 
tity,  unless  com  Is  used  for  ftiel,  or  forest-trees  are  timely  idaoted  aad 
in  sufficient  qnantity.  What  is  said  here  on  (Ala  point  also  applies  to 
nortions  of  Hebraslf  a,  and  to  some  extant  to  tbe  sonHiweBC  ptraoD  al 
MionesotA.  I  know  tbere  is  la  tbe  mind  of  tbe  fitmer  ^  toe  Stattp 
who  has  labored  bard  throagb  the  hot  days  of  summer  in  plpwliig  Wb 
com.  and  in  the  fhll  in  gatbeiiag  and  garnering  it,  a  very  strong  dis- 
like to  the  idea  of  using  it  for  fbel :  but  the  true  method  of  testiug  this 
question  la  to  count  the  (»at.  If,  tor  illustration,  sixty  bushda  of  corn 
in  the  ear — about  thirty  shelled — will  equal,  as  fbel,  oaf  ton  of  coal,  [I 
do  not  know  that  this  amount  is  correct ;  it  is  bat  a  gn».si«,)  will  it  pay 
to  sell  this  com  at  20  cents  per  bushel  (shelled  measurp)  and  buy  coal 
at  98  or  to  per  ton,  besides  tbe  hauling  to  and  from  a  deitot  f  It  is 
a  simple  qaestioQ  of  figures  and  not  of  fancy,  and  it  nould  be  w^M  if 
some  one  properly  situated  to  do  so  would  give  as  some  praiaical  iikfor- 
matron  on  thia  sabject. 

A  kind  of  soft-chalk  rock  is  found  near  Tankton,  similar  to  tbatfboiifl 
in  Nebraska  and  Kansas,  which  is  used  as  a  building-material.  TbJt 
can  be  ewrily  cut  into  blocks  of  any  shape  desired,  bat  there  is  10018 
doubt  about  its  durability,  yet  most  of  those  who  have  tried  it  ftr  a 
namber  of  years  say  it  stands  tbe  test  of  experiment. 

In  closing  this  brief  account  of  the  agricultural  resources  of  iEastem 
Dakota,  I  abonld  state  tbiit,  after  carefully  weighing  all  tbe  data  I  have 
been  able  to  obtain,  togetlier  witli  my  own  observations,  I  am  satisfied 
that  all  west  of  Jamea  River  Valley  must  be  cotinted  as  in  a  district 
not  sufficiently  supplied  with  raiu.   ' 

Taking  all  the  records  of  the  rain-fall  which  have  been  kept  in  the 
Territory  for  the  five  jears  from  1867  to  1S71,  incliisi''e,  we  find  the 
average  yearly  amount  to  be  only  14.09  inches,  less  than  half  thatof 
Minnesota,  Iowa,  or  Eastern  Kebrasku,  This  entire  amount  is  not 
more  than  barely  sufficient  for  the  pro<luctiou  of  the  cereals,  and  jnst 
BO  much  as  we  take  from  this  general  average  to  increase  the  amooiit 
in  the  more  favored  sections,  just  in  proportion  do  we  lessen  it  in  the 
others.  And  that  this  average  is  not  far  from  correct  is  shown  by  tbe 
fact  that  tliere  is  no  very  great  variation  from  it  in  either  of  tbe  years 
iucludfd:  1867,13.78  inches;  18G8. 14.03  inthesj  1809,  14.17  inches; 
1870, 15.12  iucbcs :  1871,  13.35  incnes.  The  records,  which  are  now 
being  kept  at  Yanliton,  Fargo,  and  Pembina,  will  doubtless  increaae 
this  average  somewhat,  bnt  if  an  eqmil  number  of  stations  were  made 
ill  the  drier  sections  of  the  interior  and  west,  I  am  satisfied  there 
would  be  no  increase.  The  meteorological  data,  therefore,  so  far  at 
obtained,  corroborate  the  opinion  I  have  advanced  on  this  snbjeot. 

NEBRASKA. 

I  regret  that  I  am  compelled  by  want  of  time  to  cut  short  my  pn^Msed 
account  of  the  agricultural  resources  of  thia  young  State,  wbicb  is  so 
rapi'Ily  fillingup  and  riaiug  to  importance  and  influence,  and  which  the 
late  census  shows  aa  ataniling  at  the  head  of  the  list,  so  far  aa  the  latio 
of  commoU'Scbool  education  to  the  population  is  concerned. 
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Daring  my  examiDation  of  the  central  and  aontbern  sections  in  the 
summer  of  1872, 1  found  that  in  some  respects  I  was  compelled  to  change 
the  opinion  I  Iiad  previously  formed  from  hasty  passages  through  the 
State.  For  example,  I  am  now  satisfied  that  Platte  Valley  can  produce 
crops  of  the  cereals  without  irrigation  farther  west  than  I  had  formerly 
supposed.  Not  that  the  amount  of  rain  which  falls  on  this  valley  is 
any  greater  than  that  which  falls  on  the  adjoining  plains,  but  the  moist- 
ure is  longer  retained ;  and,  more  than  this,  I  strongly  suspect  that  these 
valley-bottoms  are  largely  underlaid  with  sand-deposit  through  which  an 
underground  river  permeates.  While  I  am  of  this  opinion  in  regard  to 
this  great  valley,  on  the  other  hand  I  am  now  pretty  thoroughly  coli- 
vinced  that  the  suf&cient  supply  of  rain  on  the  upper  plains  does  not 
extend  as  far  west  as  I  formerly  supposed.  For  Southern  Nebraska,  I 
do  not  think  this  can  safely  be  placed  any  farther  west  than  Fort 
Kearney,  except  along  the  immediate  valley  of  liepublican  Fork,  and 
north  of  Platte  this  line  will  probably  bend  considerably  east. 

Notwithstanding  it  is  doubtless  true,  as  claimed  by  the  residents,  that 
the  subsoil  is  well  adapted  to  sustain  droughts  by  its  capability  of 
absorbing  moisture,  yet  it  is  also  true  that  the  evaporating  power  of  the 
air  19  greater  than  is  usually  supposed.  The  records  of  the  signal-station 
at  Omaha  show  that  on  the  4th  of  April  the  difference  between  the  wet 
and  dry  bulb  was  as  much  as  27^,  which,  considering  the  fact  that  this 
is  on  the  bank  of  the  Missouri  River,  the  date  early  in  the  spring  of  a 
rather  wet  season,  is  very  great  and  indicates  a  very  dry  atmosphere. 

There  is  another  thing  in  connection  with  this  subject,  which  I  think 
is  true  both  of  this  State  and  Kansas ;  that  is,  that  the  amount  of  rain 
does  not  diminish  so  gradually  as  we  go  west  as  I  had  supposed,  the 
supply  in  the  eastern  part  of  these  States  being  almost  equal  to  that  of 
the  States  immediately  east  of  them.  For  instance,  the  average  of  ^ve 
years  (186G-1870)  in  Nebraska  was  31.47  inches,  while  that  of  Iowa  was 
40.G5  inches;  Kansas  40.98  inches,  while  that  of  Missouri  was  but  38.33 
inches.  But  if  we  go  westward  to  the  middle  of  these  States  the  pre- 
cipitation will  diminish  to  not  more  than  half  this  amount.  We  should 
thereiore  bear  in  n)ind  that  these  records  which  appear  so  favorable 
apply  only  to  the  eastern  third  of  these  States.  Taking  the  average  of 
all  the  stations  in  Nebraska  for  the  years  named,  we  find  them  to  be  as 
follows:  1866,27.07  inches  5  1867,28.41  inches;  1868,  33.28  inches; 
1869,  43.11  inches;  1870,  26.47  inches.  This  subject  will  be  more  fully 
discussed  in  my  report  on  the  climatology  of  the  West.       , 

The  following  answers  to  the  inquiries  contained  in  a  circular  sent 
out  by  the  Secretary  of  the  Interior,  at  the  request  of  Dr.  Hayden,  is 
so  full,  and,  as  a  general  thing,  so  fair  a  statement  in  regard  to  the 
agricultural  resources  of  southeastern  Nebraska  that  I  think  it  is  proi)er 
that  it  should  be  inserted  here.  It  is  true  it  is  from  the  land-olhee  of 
the  Burlington  and  Missouri  River  Railroad  Company,  who  are  deeply 
interested  in  sustaining  the  character  of  the  lands  in  this  section,  yet, 
after  a  visit  in  person  to  the  section  described,  I  think  I  ma.v  safely  state 
that  it  is  correct.  A  few  drawbacks  are  not  mentioned,  but  I  will  allude 
to  these, as  they  were  not  directly  embraced  in  the  questions  propounded : 

STATE  OF  NEBRASKA. 

To  the  Secretary  of  the  Interior,  Washington^  D.  C. ; 

Sir  :  In  accordance  with  the  request  contained  in  "  Circnlar  No.  1,"  addressed  from 
the  •*  Department  of  the  Interior,  Washington,  D.  C,"  and  dated  '*  March  20,  1872,"  I 
have  the  honor  to  report  on  the  description  of  laud,  climate,  productions,  and  markets 
of  a  portion  of  the  State  of  Nehraska.  I  answer  the  cmestious  in  the  circular  relating; 
to  this  section  of  land,  and  the  questions  and  answers  I  number  consecutively. 
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BOUNDARISg. 

The  section  of  country  to  which  this  report  applies  lies  between  the  Platte  River  on 
the  north  and  the  northern  boundary  of  the  State  of  Kansas  on  the  sontb,  and  between 
the  western  bank  of  the  Missouri  River  on  the  east  and  Fort  Kearney  on  the  west. 

DESCRIPTION  OF  LAND. 

Question  1.  The  relative  proportion  of  mountain,  valley,  and  plain  of  your  section 
Proportion  of  timbered  land  and  varieties  of  timber  f 

Answer.  There  are  no  mountains.  The  whole  region  forms  a  ]K>rtion  of  the  Trans- 
Missonri  Prairie,  which  rises  gradually  fh)m  the  Biidsouri  Blnfis  in  long  swells,  every 
where  available  for  cultivation.  The  rolling  prairie  offers  no  positive  obstmction  to 
the  plow,  and  the  broken  prairie  seldom.  There  is  little  or  no  timber  in  the  section, 
except  in  the  river-bottoms,  where  narrow  strips  of  forest-trees  are  Iband.  I  here  give 
a  statement  of 

Elevation  at  the  different  9taHon9  along  the  Burlingtoi^  and  Aii$9amri  Rhoer  RoUrood,  la 

Nebraaka, 


Stations.  Elerstion  in  feet. 

Crete 910 

Dorchester 1042.65 

Fairmont 1196 

Grafton 125.t.20 

Harvard i:J56 

Inland 1435 

Juniata 1526.40 

Kenesaw H505 

Lowell 1627 

Kearney  Jonction 1704 


Statious.  ElevftUon  in  feet. 

PlattHmouth .525 

Omaha  Junction 542.10 

Louisville 582.40 

South  Bend 592.60 

Ashland 643 

Greenwood 682.10 

Waverly 677.80 

Newton 692.60 

Lincoln 704.90 

Denton 788.80 

Highland 970     • 

2?ei/{ a r As.— Kearney  Jnnction  is  above  low  water.  Gulf  of  Mexico,  2,114  feet,  and 
above  Lincoln,  (the  State  capital  of  Nebraska,)  1,000  feet.  To  each  elevation  add  410 
feet  to  ^et  the  altitude  above  low  water,  Gulf  of  Mexico. 

QucHtion  2.  What  portion  can  be  irrigated  and  rendered  tillable,  and  what  portion  not 
in-igable  is  suitable  for  grazing?  What  are  the  methods  of  irrigation ;  now  many 
tiniew  <lo  yon  irrigate  the  different  crops;  what  depth  of  water  in  inches  is  used  dur- 
in<;  the  season  ;  what  is  your  method  of  regulating  the  supply  and  price,  and  what  the 
cost  per  acre  of  irrigation  f 

Anninr.  Irrigation  is  not  required  within  the  defined  limits.  The  land,  though  de- 
void of  forests,  is  not  subject  to  destrutive  droughts.  During  the  agricultural  months 
the  rain-full  is  sufficient  for  all  the  needs  of  the  agriculturist,  and  it  is  regular.  An  aver- 
ago  for  tivo  years  is  as  follows:  January,  1.24  inches;  February,  2.35  inches;  March,  1.75 
inches ;  April, 2.98  inches;  May,  4.71  inches;  June,  5.43  inches;  July,  3.40inches,  August, 
3.*-^U  inches ;  September,  3.49  inches;  October,  2.41  inches;  November,  1.24  inches,  and  De- 
cember, 1.G4  inches.  Dividing  the  year  into  three  portions,  these  figures  give  for  the  win- 
ter-months of  January,  February,  and  December  an  average  total  for  the  five  years  of 
5.22  inches;  fur  the  spring  and  fall  months  of  March,  October,  and  November,  an  aver- 
age total  of  5.40  inches;  and  for  the  remaining  six  agricultural  months,  an  average  total 
for  each  year  of  2:i21  inches.*  As  the  rain  fulls  in  largest  and  sufficient  quantities 
exactly  when  it  is  most  needed,  the  clouds  themselves  form  a  perfect  system  of  irriga- 
tion. It  is  a  fact  that  this  section,  as  the  whole  State  of  Nebraska,  receives  a  less 
amonnt  of  rain-fall  than  other  places  in  the  same  latitude ;  but  following  a  natural  law, 
as  sett  lenient  proceeds  and  trees  are  grown,  (for  which  latter  see  answer  to  question  7,) 
the  annnal  rain-fall  will  become  increasingly  larger,  and  the  upper  branches  of  the 
rivers  and  creeks — which  are  now  dry,  or  partially  dry,  except  during  rains — will 
always  have  a  flow  of  living  water.t  In  order  to  iurnish  a  correct  account  of  the 
character  of  the  country  in  this  matter,  it  is  necessary  to  add  that  the  rich,  black  soil 
of  the  section  rests  on  a  subsoil  of  porous  yellow  clay.  Moisture  does  not  consolidate 
this  subsoil  into  a  mass,  but  water  is  received  and  held  as  it  would  be  by  a  sponge. 
Thus  the  land  is,  as  it  were,  scientifically  nuderdraiued ;  and  the  crops  are  duly  fed, 
and  abl(^  alike  to  resist  drought  or  excessive  rain. 

(Juvntion  W.  What  varieties  of  grains,  vegetables,  fruits,  and  other  crops  have  been 
tried,  which  have  i)roved  best  adapted  to  your  section,  and  the  average  yield  per  acre  T 

Jnnivvr.  All  cereals  have  been  tried,  and  succeed  perfectly;  but  wneat  stands  fore- 


*Th(^  proper  estimate  is,  from  April  to  August,  19.72  inches. — ^T. 
tTliis  very  general  opinion  is  very  doubtful,  yet  it  is  probably  true  that  the  distri- 
bution will  be  more  equable  aud  the  amount  more  effective  on  vegetation. — ^T. 
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most,  and  in  weight  of  crop  this  seelion  only  falls  below  California.  Wheat  grows 
well  on  the  high  and  the  low  lands ;  and  oats  and  barley  yield  abundantly,  while  maize 
is  everywhere  suooessful.  Taking  a  period  of  five  years,  an  average  yield  of  wheat  is 
fonnd  to  be  17.70  bnshels  per  acre ;  maize,  32.54  bushels;  rye,  20.66  bushels ;  oats,  36.65 
bushels ;  barley,  26.75  bnshels ;  and  buckwheat,  26.33  bushels.  The  wheat  grown  here 
iet«ins  its  characteristics  without  deterioration  for  a  longer  period  than  in  most  parts 
of  the  country ;  but  still  it  is  desirable,  now  and  again,  to  renew  the  seed.  In  view  of 
this  fact,  the  Burlington  and  Missouri  River  Railroad  Company  proposes  to  import  from 
the  old  countries  the  best  descriptions  of  seed  for  those  among  the  purchasers  of  its  lands 
who  may  desire  new  seed.  Potatoes,  sweet  potatoes,  turnips,  beets,  and  all  root-crops 
yield  abundantly,  the  average  production  of  potatoes  for  five  years  being  79.80  bushes 
per  acre.  The  systematic  culture  of  the  sugar-beet  would  give  an  abundant  supply 
of  sugar.  Sorghum  is  of  free  and  rich  growth ;  and  an  excellent  simp  is  manufactured 
fkom  ita  j nice,  though  the  processes  of  manufacture  are  at  present  crude.  Table- vegeta- 
bles all  grow  freely ;  and  the  castor-bean  finds  the  soil  and  climate  suitable.  For  a  few 
years  past  attention  has  been  devoted  to  fruit-growing,  and  peach  and  apple  orchards 
have  been  established  in  many  parts  of  this  section.  At  one  time  there  were  doubts 
whether  fruit-culture  would  ever  be  sucessful  here.  These  doubts  were  the  offshoots 
of  theories  that  had  never  been  tested  by  experience ;  but  now,  and  as  the  result  of 
experience,  they  have  been  entirelv  dissipated.  In  three  years  young  peach-trees  come 
into  bearing;  and  apple-trees  in  from  four  to  five.  One  strong  prooi  that  fniit  takes 
kindly  to  the  Nebraska  soil  is  that,  at  the  exhibition  in  1871  of  the  National  Fruit-Grow- 
ers' iUsociation,  the  premium  for  fruit  was  awarded  to  the  State  of  Nebraska,  of  which 
the  section  of  country  to  which  this  report  applies  is  one  of  the  best  parts.  The  grape 
is  successful  under  proper  conditions.  The  Missouri  blufis  are  similar  in  character  to 
the  loess  of  the  Rhine  banks,  and  throughout  the  broken  prairie  the  culture  of  the 
grape  can  be  profitably  undertaken.  Small  fruits  grow  luxuriantly ;  and  the  wild 
strawberry  and  the  raspberry  of  the  timber-skirtings  are  of  excellent  flavor.  Tobacco 
is  grown  to  a  small  extent  in  the  bottoms.  The  plant  thrives,  and  the  leaf  comes  to 
matnrity.  Flax  has  been  grown  in  this  section  for  seed ;  but  both  flax  and  hemp  might 
be  cultivated  for  manu£Eictnring  purposes.  In  a  new  country  like  this  the  manufacture 
of  linen  and  agriculture  might  go  hand  in  hand,  provided  immigrants  who  are  aecas- 
tomed  to  the  twofold  operation  can  bq  brought  into  the  State,  for  to  this  day  it  re- 
mains a  fioM^t  that  hand-made  linens  can  compete  in  the  market  with  the  productions  of 
the  power-loom. 

Quettion  4.  What  kind  of  stock  is  best  adapted  to  your  section,  cost  of  raising,  value, 
^bc.f 

AntKer.  The  raising  of  cattle  has  succeeded  wherever  tried.  The  native  grasses 
which  form  the  pasture  of  the  buffalo  .and  antelope  are  luxuriant.  The  blue-joint, 
which  grows  on  the  highlands,  attains  the  height  of  six  feet ;  and  a  grass  locally 
called  "tuley,"  which  grows  in  the  bottoms  of  the  Missouri  and  the  Platte,  is  equally 
rich.  These  are  both  excellent  as  feeding  grasses;  but  there  are  many  others,  and  most 
of  the  year  there  is  pasture  upon  the  prairie,  for  even  after  the  slight  frosts  of  the  fall 
have  browned  the  grasses  they  make  good  cattle-food  until  they  are  entirely  shriveled 
in  the  dead  winter.  Hay  is  also  readily  cured  and  stacked.  The  winters,  as  a  rule, 
are  not  long.  Open  weather  continues  to  the  end  of  November,  and  spring  has  fairly 
returned  by  the  beginning  of  March.  Cattle,  therefore,  can  be  kept  in  the  open  air 
ff»r  most  of  the  year;  and  during  ordinary  years,  with  the  exception  a  few  weeks,  ^1 
the  year  round.  For  these  few  weeks,  however)  shelter  is  needed ;  and  when  shelter 
is  provided  the  worst  winters  experienced  ai*e  not  at  all  to  be  dreaded  by  the  breeder. 
So  far  in  the  history  of  this  country  the  stock-owner's  worst  enemy  has  been  the  care- 
lessness induced  by  the  general  moderation  of  the  winters.  He  comes  to  depend  on 
the  mildness  of  the  season  ;  and  when  a  severe  winter  occurs,  and  he  has  not  adequate 
shelter  for  his  stook,  loss  ensues.  The  fault  here  iudicateil  experience  will  correct.  A 
good  profit  is  maAe  by . purchasing  Texan  cattle  and  grazing  them  on  the  prairie  for  a 
season,  before  shipping  to  the  eastern  market.  Cattled  thus  treated  go  to  market  in 
splendid  condition.  When  cattle-breeding  becomes  one  of  the  regular  operations  of 
the  fiirmer,  it  is  well  to  cross  the  Texan  with  the  Durham.  Horse-breeding  will  be 
one  of  the  industries  of  the  section.  Except  for  the  purposes  of  the  fanu  not  many 
homes  have  been  raised ;  but  qualified  men  are  here  and  there  turning  their  atten- 
tion to  the  subject.  The  broken  and  rolling  prairie,  intersected  by  draws,  (ravines,)  is 
suitable  for  horse-breeding.  As  the  land  is  not  th^  best  adapted  for  the  plow,  it  is  the 
cheapest  of  the  lands  in  the  section,  though,  as  it  is  the  most  suitable  for  the  stock- 
farm,  it  is  the  most  valuable  of  all.  In  the  draws  water  can  always  be  found ;  and,  from 
whatever  quarter  the  wind  blows,  the  animals  can  find  shelter.  It  would  be  well,  how- 
ever, for  toe  hone-breeder  to  plant  willow  in  suitable  places  as  wind-screens.  Feed, 
in  the  shape  of  ottts  and  com,  is  readily  raised.  Sheep  are  valuable  stock  for  these 
prairie-lands ;  and  will  make  largo  returns  as  well  in  wool  as  meat.  Good  pasture  is 
plentiful,  and  the  sheep  require  no  more  than  the  most  ordinary  shepherding ;  but  that 
they  most  have.    The  dry,  open  winters  conduce  to  the  health  of  the  sheep,  which  are 
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not  fuund  to  be  subject  to  mDoh  disease.    The  hog  tiiriTes,  mod  with  com  ploDtlfdl, 
tho  '*  liog-orop"  yields  well.    As  ft  general  femark,  the  cost  of  raising  stock  here  is  a 
miniiuuni ;  and,  as  there  is  a  oommftnd  of  ntftrkets,  fait  prices  can  be  obtained. 
Question  5.  Time  of  planting  the  ▼arioos  crops ;  and  time  of  harvestiog  f 
Answer.  CrofM  are  of  rapid  growth,  and  rapid  tipenins.  •  Sprins-wlieat  is  generally 
sown  at  the  latter  part  of  Fel»raary,  and  com  is  planted  in  April.    Bnt  com  may  be 

SlauttHl  much  later ;  and  in  the  land-office  at  Lincoln  of  the  Burlington  and  Missouri 
:iver  Railroad  Company,  there  are  now  four  heads  of  oom  which  weigh  3  pounds  2 
ounces.  These  are  average  specimens  of  a  crop  planted  on  the  87th  of  June,  and  har-' 
vested  iu  perfect  condition  before  froet.  The  ground  Ibr  fidl-wlieat  is  pr^aied,  and 
the  seed  sown,  by  the  middle  of  Sepember. 

Question  5.  Character  of  your  winters;  amount  of  snow  and  Tain-fall  f 

Anstcer.  Rain-iall  in  the  section  is  given  in  answer  1.  The  ordinary  average  winter 
extends  over  three  months— December,  January,  and  Febraarv;  and  the  entire  fall  of 
snow  does  not  exceed  10  inches.  The  heaviest  snow-fidls  of  which  we  have  eKperianoe 
are  from  4  to  5  inches. 

Question  7.  What  has  been  done  in  the  way  of  tree-planting,  and  varieties  best 
adapted  to  your  section  f 

Answer,  The  annual  prairie-fires  have,  as  a  rule,  prevented  tiie  growth  of  timber  away 
from  tbe  ravines  of  water-conrsns.  In  these  ravines,  however,  wood  grows  luxuriantly; 
and  the  timber-skirtings  of  the  rivers  and  creeks  include  cotton-wood,  many  varieties 
of  oak,  elm,  while  ash,  hackberry — a  tree  resembling  the  ash.  but  not  free  in  splitting — 
black  walnut,  coffiae-tree,  sycamoro.  and  wild  plum.  Tbe  wild  grape-vine  is  also  abun- 
dant. But  for  the  fires,  by  natural  processes,  the  prairies  woula  be  timbered,  and  in 
many  bottom-lands,  whero  Ibr  two  or  three  years  settlemeni  has  checked  the  fires, 
there  is  ash  and  cotton-wood  brush  which,  in  due  course,  wilLbecome  wood.*  Planting 
is  also  proceeding,  though  not  so  rapidly  as  is  to  be  desired.  However,  last  year, 
(1871,)  one  farmer  planted  no  fewer  than  180,000  trees ;  and  very  many  fiurmers  show  a 
disposition  to  surround  their  homesteads  with  wind-brealm.  By  an  act  approved  Feb- 
ruary 12, 1869,  tho  State  of  Nebraska  exempts ''  from  taxation  of  the  property  of  each 
tax-imyer  who  shall,  within  the  State,  plant  and  suitably  cultivate  one  or  moro  aorcs  of 
forest- trees  for  timber,  the  sum  of  9100  annually  for  Ave  years,  ibr  each  aero  so  planted 
and  cultivated,'' provided  the  trees  do  not  .exceed  IS  feet  apart,  and  are  kept  in  a 
healt  liy  uud  growm^  condition.  Cotton-wood,  which  grows  rapidly,  is  the  favorite  Ibr 
groves ;  and  tbe  records  show  that  these  trees  iu  ten  years'  growth  have  attained 
height  varying  from  25  to  50  feet,  and  ciroumferonce  varying  from  2  feet  6  inches  to  4 
feet.  The  Osa^e  orange  is  preferred  for  fences  and  ^ind-breaks,  though  there  are  some 
planters  who  give  choice  to  the  honey-locust.  Other  suitable  feuce-plante,  as  thtf  wil- 
low and  whitethorn,  are  used,  though  more  rarely.  Induced  thereto  by  the  lack  of 
timber,  and  the  premium  for  its  cultivation  offered  by  the  State,  it  is  certain  that  tho 
farmers  of  the  section  will  more  and  more  make  the  growth  of  wood  an  object.  The 
Danish  residents  at  Omaha  have  formed  a  tree-planting  company ;  and  this  company 
intends  to  plant  2,560  acres  of  suitable  soil,  within  the  limits  of  this  section,  in  the 
southwestern  corner  of  Adams  County.  The  conipauy  proposes  fruit  (for  which,  by 
tho  act  already  quoted,  property  to  tho  amount  of  $50  annually  is  exempted  from  tax- 
ation for  live  years,  for  each  aero  planted  and  cultivated)  as  well  as  forest  tree  cul- 
ture. The  fruit  is  to  consist  chiefly  of  grape-vines,  peaches,  and  apples;  and  the  forest 
trees  principally  of  evor^rreens.  The  Burlington  and  Missouri  River  Railroad  Company 
has  now  a  contract  out  lor  the  planting  of  twenty-seven  miles  of  cuts  on  the  north  side 
of  the  railroad,  from  the  Missouri  River,  at  Flattsmouth,  to  Kearney  Junction.t  Front- 
ing the  north,  along  these  cuts,  there  will  be  seven  rows  of  trees  arranged  thus:  ex- 
treme north  row,  honey -locust ;  second  row,  cotton-wood  and  willow  ;  third  row,  maple, 
ash,  and  box-elder ;  fourth  row,  Norway  spruce  and  Scotch  fir ;  and  the  three  inner 
rows,  European  larch.  One  main  object  of  this  planting  is  to  furnish  ties  for  the  rail- 
road ;  but  it  is  also  hoped  that  the  operation  will  encourage  settlers  to  imitate  the 
example. 

Question  8.  What  are  the  kinds  and  cost  of  fencing  used  on  the  prairies  f  What  has 
been  done  in  tho  way  of  planting  hedges  f 

Antfirer.  This  question  is  in  great  measure  answered  in  the  reply  to  qnestion  7;  hut 
it  may  be  stated  that  fencing  is  not  a  rapid  process.  When  boai'ds  are  used  the  work 
is  costly,  and  therefore  there  is  not  much  of  that  kind  of  fencing.  Sod-fences  occasionally 
occur,  the  ho<1  being  taken  up  on  breaking.  A  strong  and  durable  fence  can  be  con- 
struct^'d  with  this  material,  with  no  expense  save  that  incurred  in  piling  the  sod  in 
due  form  and  order.    This  class  of  fence  seems  to  be  suited  for  partial  use  on  the  prai- 


*  I  found  this  to  be  true  not  only  at  points  in  Eastern  Nebraska,  bnt  also  in  South- 
eastern Dakota,  and  iu  Minnesota,  but  it  only  applies  to  the  rain-moistened  districts, 
and  sections  bnt  slightly  grazed,  for  cattle,  &c.,  are  about  as  destructive  to  the  young 
plants  as  iires. — T. 

t  The  Northern  Pacific  Railroad  is  adopting  the  same  plan. — T. 
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rie;  bat  its  valae  woald  he  greatly  increased  if  the  wall  were  so  built  that  it  could  be 
plaut-ed  on  the  top  with  Osage  orauge.  The  honey-locust  and  the  osage  orange  grow 
rapidly,  aod,  if  properly  attended  to,  in  four  or  five  years  they  will  make  a  fence  that 
will  turn  cattle.  The  only  cost  of  the  live  fence  is  the  price  of  the  seed  and  the  labor. 
However,  a  settler  frequently  finds  it  necessary  to  obtain  returns  from  his  land  before 
inyesting  even  the  smallest  amount  of  capital  in  any  way  but  the  moat  essential  perma- 
nent improvements.  Under  these  circumstances,  the  herd-law  of  Nebraska  has  a  bene- 
ficial operation.  The  intent  of  this  law  is  to  fence  crops  from  the  cattle,  and  to  fence  stock 
witbto  inclosures.  The  enactment  provides,  under  penalty,  that  an  owner  of  stock 
shall  not  allow  his  animals  to  trespass  and  commit  damage  on  a  neighbor's  land.  The 
result  of  this  law  is — as  live  fences  have  to  grow  and  board-fences  are  expensive — that, 
when  a  locality  is  settled,  the  cattle  are  herded  together  under  charge  of  men  or  boys 
who  are  paid  for  their  labor  from  a  fund  jointly  and  proportionally  subscribed  by  the 
Btook-owners.  While  at  pasture  the  herd  is  taken  to  the  best  feeding-grounds  in  the 
neighborhood.  Every  night  the  milchers  are  returned  to  the  owners,  the  other  cattle 
being  corraled.  The  law  is  considered  to  work  well.  It  prevents  the  necessity  of 
fencing  when  a  farmer  could  not  well  afford  the  cost ;  but  it  must  also  be  added  that 
it  is  a  check  on  fencing  when  the  work  ought  to  be  undertaken. 

QiieBlwn  9.  Cost  of  getting  stock  and  prmluce  to  market. 

A%9wer,  The  local  market  for  wool  and  beef  is  at  the  farmer's  door,  for  the  wholesale 
merchants  of  Chicago  and  Saint  Louis  collect  produce  by  traveling  agents.  When- 
ever a  district  becomes  sufficiently  settled  to  support  a  town,  one  comes  into  being,  in 
a  conveniently  central  position,  which  depends  for  its  trade  on  the  surrounding  country. 
Produce  is,  therefore,  readily  marketed,  and  the  wants  of  the  farm  and  the  household 
supplied.  As  the  country,  however,  becomes  more  thickly  peopled,  and  its  industry 
develops,  the  farmers  and  stock-raisers  will  probably  deal  more  or  less  directly  with 
the  distant  consuming  markets.  The  way  to  Chicago  and  the  eastern  ports  is  opened 
by  the  Burlington  and  Missouri  River  Railroad,  and  westward  by  the  Burlington  Com- 
pany and  the  Union  Pacific  Company.  The  Atchison  and  Nebraska  Railroad  strikes 
from  the  Missouri  at  Atchison,  Kansas,  and  the  Saint  Joseph  and  Denver  Railroad 
firom  the  Missouri  at  Saint  Joseph,  Missouri.  As  the  mineral  resources  of  the  Rocky 
Monntaius  are  developed  this  section  of  country — Nebraska  is  the  nearest  agricultural 
State  to  the  mountains — will  find  a  profitable  market  there,  while,  by  the  Missouri  and 
the  Mississippi,  the  southern  markets  are  open. 

The  drawbacks  I  alluded  to  are  as  follows :  tbe  difiSculty  in  obtainiog 
baildiDg  materials  and  fuel,  especially  after  you  get  west  of  LiucolD, 
for  exactly  the  same  remarks  made  in  respect  to  Southeastern  Dakota 
apply  here.  Another  difficulty,  though  not  a  very  serious  one,  is,  that 
west  of  Crete  wells  must  be  sunk  to  a  considerable  depth — from  80  to  120 
feet — to  find  water ;  and  streams  being  scarce,  it  is  difficult  to  obtain  a 
supply  of  stock- water.  A  third  drawback,  which  applies  also  with  equal  if 
not  greater  force  to  Dakota  and  Southwestern  Minnesota,  is  the  severity 
of  the  winter-storms.  It  is  true  these  are  not  of  very  frequent  occurrence, 
but  when  they  do  come,  and  few  winters  pass  without  one  or  more,  they 
are  very  severe,  and  often  occasion  many  hardships  and  much  suffering, 
but  experience  will  teach  the  settlers  how  to  prepare  for  and  protect 
themselves  against  these. 
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LIGNITIC  FORMATION  AND  FOSSIL  FLORA. 


BY  LEO.  LESQUEREUX. 


Columbus,  Ohio,  March  25, 1873. 

Dear  Sib  :  According  to  the  directions  received  from  you,  I  spent 
the  months  of  July  and  August  in  exploring,  fi.rst,  the  plant-bearing 
Cretaceous  strata  of  the  Dakota  Group,  in  the  valley  of  the  Saline  Eiver 
and  on  the  Smoky  Hill  Fork  of  the  Kansas ;  then  the  Lignitic  formation 
of  the  Eocky  Mountains,  from  Trinidad  to  Cheyenne,  and  along  the 
Union  Pacific  Railroad  to  EvanSton.  You  requested  me  to  have  these 
explorations  especially  directed  in  view  of  positively  ascertaining  the 
age  of  the  Lignitic  formations,  either  from  data  obtainable  in  collecting 
and  examining  fossil  vegetable  remains,  or  from  any  geological  observa- 
tions which  I  should  be  able  to  make. 

The  following  report  gives  the  details  of  these  researches.  Its  divis, 
ions  are  marked  by  the  nature  of  your  instructions.  The  first  part- 
after  recording  the  facts  derived  from  explorations  at  different  localitieSi 
discuss  the  age  of  the  Lignitic  in  considering  geological  and  paleonto- 
logical  evidence.  The  second  part  reviews  what  is  as  yet  known  on  the 
formation  of  the  lignite,  the  distribution  of  the  lignitic  basins,  their  pro- 
ductive capacity  for  combustible  mineral,  and  the  present  application 
of  the  material.  The  third  part  enumerates  the  species  of  fossil-plants 
obtained  in  the  explorations  of  this  year,  either  by  myself  or  other  of 
your  assistants,  describes  the  new  species,  and  compares  their  local 
distribution,  &c. 

On  this  last  point  my  researches  have  been  very  successful.  I  ob- 
tained, from  the  Cretaceous  and  from  the  Lignitic,  a  large  number  of 
good  specimens,  which,  selected  in  place  and  there  compared,  allowed 
me  to  fix  more  positively  the  characters  of  many  species  either  not  sat- 
isfactorily known  or  as  yet  undescribed.  This  work  was  rendered  es- 
l>ecially  profitable  by  the  assistance  of  Mr.  L.  Lesquereux,  jr.,  who 
pursued  the  researches  with  scientific  interest  and  unceasing  energy, 
and  who  frequently  discovered  at  remote  or  distant  places  the  richest 
deposits  of  fossil  vegetables. 

Allow  me,  sir,  to  gratefully  acknowledge  the  valuable  assistance  re- 
ceived from  yourself  in  railroad  passes,  letters  of  introduction,  &c., 
still  more  by  information  from  your  former  reports,  and  also  to  men- 
lion  the  kind  assistance  offered  everywhere  to  my  explorations  by  the 
superintendents  of  mines,  the  engineers  of  railroads,  the  proprietors, 
&c.,  who  generally  manifested  interest  in  my  researches.  At  Fort  Har- 
ker  and  Medicine  Bow  a  generous  hospitality  was  offered  me  by  Lieu- 
tenant Edward  Randall  and  Lieutenant  Hall,  commanding  the  stations. 
I  am  also  indebted  to  Messrs.  B.  C.  Smith  and  Eugene  Ford  for  passes  to 
Saint  Louis,  also  to  E.  A.  Ford  for  pass  to  Kansas  City,  and  to  Colonel 
Fisher  for  pass  from  Denver  to  Cheyenne. 
Very  respectfully,  yours, 

L.  LESQUEEEUX. 

Professor  F.  V.  Hayden, 

United  States  Geologist^  Washingtov.  D,  C 
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pakt  I— details  op  bxplobations  in  the  lignitio  fob- 

MATIONS  OF  THE  BOOET  MOUNTAINS. 

Before  arriving  at  Denver,  on  the  line  of  the  Kansas  Paciflo  Bailroad, 
I  had  the  opportunity  of  examining,  at  two  different  places,  heaps  of - 
lignitic  coal  taken  oat  of  abandoned  and  closed  shafte.  The  lignite 
appeared  of  very  poor  qaality,  had  been  taken  fh>m  various  depths,  and 
little  evidence  on  the  age  of  the  strata  could  be  obtained  from  the  mixed 
and  mostly  disintegrated  materials  scattered  around  near  the  mouth  of 
the  shafts.  West  of  Denver,  at  Golden,  Marshall's,  &c.,  I  became  more 
intimately  acquainted  with  the  general  features  of  the  so-called  western 
Lignitic  formation.  Afberward,  fh>m  Denver,  my  explorations  were  pur- 
sued southward  to  Colorado  Springs ;  then  in  the  Arkansas  Valley,  and 
from  Cafion  Oity,  along  the  base  of  the  Booky  Mountains,  to  Trinidad 
and  the  Baton  Mountains,  in  New  Mexico.  As  it  is  at  tiiis  last-named 
locality  that  I  was  for  the  first  time  alSle  to  see  a  well-exposed  section 
of  the  whole  formation,  to  study^  therefore,  its  essential  characters  and 
the  relative  position  of  its  more  important  members,  I  propose  to  begin, 
at  the  Baton  Mountains,  the  descriptive  narration  of  my  researches,  to 
pursue  it  hence  northward  to  Denver  and  Cheyenne,  and  then  along 
the  Union  Pacific  Bailroad  to  Evanston,  where  the  explorations  were 
discontinued.  In  following  this  plan  some  preliminary  general  conclu- 
sions may  betaken  from  the  data  ascertained  at  the  beginning,  and  may 
be  used  henceforth  as  points  of  comparison  and  reference  for  facts  and 
observations  obtained  elsewhere,  and  which  may  afford  confirmation  or 
conflicting  evidence. 

§  1.  Baton  Moxtntains. 

The  small  town  of  Trinidad  is  pleasantly  nestled  on  the  south  side 
and  in  the  bottoms  of  the  Purgatory  Biver,  which  here  runs  eastward, 
to  take  farther  east  a  more  northerly  course  to  the  Arkansas  Biver. 
Behind  the  town  a  series  of  round,  more  and  more  elevated  hills  cover  the 
base  of  the  highest  peak  of  the  Baton  :  Fisher's  Peak,  a  dark  basaltic  or 
volcai)ic  mass,  which  towers  above  the  country  at  an  altitude  of  about 
2,000  feet.  Opposite  Trinidad,  on  the  south  side  of  the  river,  appears 
an  extensive  range  of  hills  capped  by  thick,  mostly  perpendicular  rocks 
of  saiulstone,  overlying  black  soft  shale,  which  descend  in  steep  slopes 
to  the  plain.  On  the  western  side  the  Baton  Greek,  running  north, 
passes  through  the  hills  in  a  narrow,  pleasant,  green  valle}',  entering 
Purgatory  River  three  miles  above  Trinidad. 

in  passing  obliquely  from  the  town  to  the  Baton  Valley,  in  a  north- 
west (lirectiou,  the  stage-road  gently  ascends  about  150  feet  to  a  plateau 
which  at  first  is  seen  formed,  even  at  its  surface,  of  the  black  shale  No. 
4  of  the  Cietaceous,*  which  here  contains  well-pi^eserved,  large,  charac- 
teristicx  shells  in  ferruginous  concretions.  But  soon  the  iilain  ai)pears 
cut  by  undulations,  which  already,  one  mile  from  Trinidad^  have  their 
tops  strewn  with  large  broken  flags  of  sandstone,  over  which  no  other 
trace  of  fossil  remains  but  marine  plants  or  fncoids  are  seen.  A  little 
farther  from  the  town  the  same  sandstone  is  in  place,  immediately  and 
conformably  overlying  the  black  shale;  and  in  entering  the  small  val- 
ley of  the  Baton,  the  road  curves  around  steep  hills,  whose  base  rests 

*  Tlie  divisioDS  of  the  Cretacoona  indicated  in  this  report  are  those  of  Messrs.  Meek 
and  Hay  den,  marked  in  the  general  section  of  this  formation  in  Dr.  Hayden's  report, 
ld70,  page  87. 
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upon  tbe  fucoidal  sandstone,  and  whose  sides,  exposed  by  dennndation, 
are  blackened  by  oatcrops  of  coal  at  different  altitudes.  Here  is  tbe 
nearest  place  to  the  town  where  the  coal  is  opened  and  sometimes 
worked  in  a  very  limited  extent.  These  details  render  the  locality 
easily  recognizable. 

A  few  sections  of  the  Lignitic  measures  of  the  Raton  Mountains  have 
been  given  already  from  the  hills  along  the  creek.*  They  differ  some- 
what in  the  records  of  the  distance  and  of  the  thickness  of  the  lignite- 
beds,  but  the  differences  are  easily  accounted  for  by  the  great  variety 
remarked,  even  at  short  distances,  in  the  disposition  of  the  strata  of 
those  Lignitic  formations.  They  are,  therefore,  perfectly  reliable,  and 
it  is  merely  to  complete  them  that  the  two  following  ones  We  given  here. 
They  point  out  the  exact  relation  of  the  Lignitic  formation  to  the  Cre- 
taceous, and  mark,  besides,  what  I  consider  to  be  the  essential  character 
of  a  group  of  sandstone  which  separates  these  formations,  and  which, 
taken  ais  yet  as  a  kind  of  debatable  ground,  has  been  dubiously  re- 
ferred either  to  the  Cretaceous  or  to  the  Tertiary.  The  first  of  these 
sections  is  taken  along  the  small  branch  in  whose  banks  the  lignite-beds 
appear  in  succession  down  to  the  Katon  Creek,  and  then  following  this 
creek  to  the  Purgatory  River,  where  the  Cretaceous  measures  are  ex- 
posed.   It  reads  from  top  downward : 

LiGxmc. 

Ft  in. 

1.  Sandstone  and  shale,  covered  with  pines 60  0 

2.  Soft  shale,  alternating  with  soft  clay,  (soapstone) 35  0 

3.  Outcrop  of  lignite,  indifferent 2  0 

4.  Soft-shaleand  fire-clay 26  0 

5.  Lignite  outcrop,  thin 1  0 

6.  Hard  gray  shale,  with  fossil  plants  at  base t 30  0 

7.  Shaly  bard  sandstone,  in  bank 6  0 

S.  Soapstone  shale 2  0 

9.  Lignite  outcrop,  good 2  0 

10.  Fire-clay  and  shale 36  0 

11.  Lignite,  exposed 2  6 

12.  Fire-clay 6  0 

13.  Soft,  shale 30  0 

14.  Lignite,  opened 4  0 

15.  Fireclay 8  0 

16.  Ferruginous  and  shaly  sandstone,  covered 50  0 

300  6 

SANDSTONE. 

17.  Brown,  reddish  shaly  sandstone,  with  debris  of  land-vegetables 37  0 

18.  Yellow  shaly  sandstone,  full  of  fucoids 5  6 

19.  Ferruginous  sandstone,  barren 110 

20.  White  compact  sandstone,  in  bank  and  barren 28  0 

21.  Hai'd  white  sandstone,  in  bank,  with  fucoids 10  0 

22.  Soft  white  sandstone,  with  fucoids 32  0 

23.  Very  hard  block  sandstone,  barren 19  6 

24.  Ferruginous  sandy  shale,  with  fucoids 6  6 

25.  White  sandstone,  ban-en 5  6 

26.  Ferruginous  sandy  shale,  with  fucoid:j 8  0 

27.  Red  shaly  sandstone,  with  great  abuudauco  of  fucoids 30 

28.  Hard  white  sandstone  in  bank,  some  fucoids 12  0 


178  0 


*F.  V.  Ilayden's  Report  of  the  Unit^l  States  Survey  of  Colorado  and  New  Mexico, 
(1869,)  pages  65  to  57 ;  Notes  on  the  Geology  from  Smoky  Hills  to  Rio  Grande,  by  T.  S. 
Lecoote,  H.  D.,  pp.  20  and  21. 

t  At  a  short  distance  the  sandstone  No.  7  takes  the  place  of  the  shale-bearing  plants. 
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This  last  stratum  is  underlaid  by  the  Cretaeeous  black  shale  No.  4.  In 
some  places  No.  27  is  the  last  member  of  the  section,  and  is,  therefore,  in 
immediate  superposition  to  the  black  shale.  From  No.  17  to  28,  and 
perhaps  already  from  the  upper  member,  which  is  covered,  the  whole 
measures  form  a  single  group  of  white  or  yellowish  ferruginous  sand- 
stone beds,  separated  by  bands  of  hard  laminat'Cd  clay,  mostly  sandy  or 
passing  to  sandstone,  the  whole  measuring  178  feet.  The  characters  of 
this  group,  as  clearly  recognized  here,  are  as  follows: 

1st.  Its  general  color  is  whitish  gray,  so  white  indeed,  sometimes, 
that  the  lower  strata,  seen  from  a  distance,  appear  like  banks  of  lime- 
stone. 

2d.  Though  generally  hard,  it  weathers  by  exfoliation  under  atmos- 
pheric influences,  and  its  banks  are  thus  molded  in  round  undulations; 
and,  as  it  is  locally  hardened  by  ferruginous  infiltrations,  it  is  often  too 
con(!retionary  or  grooved  in  cavities,  so  diversified  in  size  and  forms 
that  sometimes  the  face  of  the  cliffs  shows  like  the  details  of  a  compli- 
cated architecture. 

3d.  It  is  entirely  barren  of  remains  of  animals. 

4th.  On  the  contrary,  from  its  lowest  stratum  to  its  upper  part,  it 
abounds  in  well  preserved  remains  of  marine  plants  or  fucoids,  which, 
at  some  localities,  are  seen  even  in  the  sandstone  over  lignite-beds. 

5th.  In  its  u[)per  part  the  sandstone  or  the  shales  of  this  group  are 
mixed  with  broken  debris  of  land- vegetation,  with  which  also  fucoidal 
remains  are  found  more  and  more  abundant  in  descending. 

The  disposition  of  the  strat4i  and  their  compounds  is  about  thesameon 
the  otlier  side  of  the  Purgatory  Eiver,  opposite  Trinidad,  where  the 
section  is  from  top  downward : 

Feet 

1.  Hard  fcrni;Tinoiis  shuly  sandBtoDe  with  few  remains  of  fucoids,  but  aban- 

dance  of  debris  of  land-plants 25 

2.  Hard  whitish  sandstone,  full  of  fucoids 57 

\\.  Shuly  Hundstoni^,  with  samo  abundance  of  fucoids r>0 

4.  Soft  himiuatcd  loiTU«jinous  sandy  clay,  with  fucoids 11 

5.  l'>riu;;iiH)ns  shale,  with  fucoids 4 

0.  White-  hloek-saudstone,  barren 5 

7.  White  san<lstone,with  fucoids 22 

8.  Fe!  ru«iji nous  shaly  sandstone,  with  fucoids 33 

0.  IJI.ick  shale  of  No.  4,  Cretaceous 147 

1<>.  Covered  space,  sandstone  and  shale  to  bed  of  river 153 

In  l)oth  these  sections  the  remains  of  marine  plants  are  remarked  in 
most  of  the  sandstone  strata  and  their  intermediate  elay-beds,  and  as 
abundant  at  the  base  as  near  the  u])per  part.  And  in  this  last  section 
they  are  seen  mixed  with  fragments  of  land-plants,  even  to  the  top  of  the 
sandstone  cut  like  a  tower  at  the  point  of  the  highest  hill  lacing  Trini- 
dad. 

In  i)assin.2^  from  the  black  shale  of  the  Cretaceous  No.  4  to  this  group 
of  sandstone-beds  overlaying  it,  the  diiVerence  in  the  characters  is  strik- 
ing', not  only  in  (considering  their  compounds,  but  in  the  class  of  fossil  re- 
mains which  they  contain,  the  traces  of  deep  marine  life  predon.inating 
in  the  black  shale,  while  here  they  have  totally  disappeared.  The 
abscn(;e  of  the  ui)per  Cretaceous  formation  No.  5  might  be  taken  into 
account  lor  exidainiiijs:  this  difierencte.  We  will  see  elsewhere  that  it  is 
not  the  case,  and  that  the  u[)per  Cretaceous  sandstone-beds  are  as 
definitely  cliaracterized  by  their  fossil  remains  as  a  deep  marine  forma- 
tion as  tlie  second  group  No.  4.  Now,  in  the  sandstone  above  No.  4, 
marine  life  slill  marks  its  activity  only  b}'  the  abundant  remains 
of  fiu!(>i<ls,  iinlicating  by  their  growth  a  comparatively  shallow  water. 
They  point  out,  therefore,   to  a  slow  upheaval  of  the  bottom  of  the 
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sea  in  which  they  appear  to  have  lived ;  for  their  stems  penetrate 
the  sandstone  in  every  direction.  And  this  indication  is  still  more 
manifest  in  the  great  abundance  of  dibri^  of  land-plants  which  seem  as 
groand  by  the  waves,  thrown  upon  the  shore  and  mixed  in  the  sand 
with  facoidal  remains.  This  slow  upheaval,  and  its  result  in  the  forma- 
tion of  a  new  land,  are  read  as  in  a  book  in  the  fossil  remains  of  this 
group  of  sandstone,  and  every  observer  should  forcibly  admit  that  these 
memorials  of  old  expose  the  beginning  of  a  new  era,  or  of  what  we  call 
a  new  formation.  This  conclusion,  however,  can  be  warranted  only  if 
by  further  researches  we  recognize  that  this  fucoidal  sandstone  is  not 
a  mere  local  formation ;  that  it  covers  a  wide  area,  preserves  everywhere 
its  relative  position  to  the  Cretaceous  under  it,  and  to  the  lignitic  beds 
above,  and  has  always  the  same  characters  either  in  its  compounds  or 
in  its  fossil  remains. 

That  this  sandstone  forms  all  over  and  around  the  Raton  Mountains 
the  base  of  what  is  called  the  Lignitic  formation,  and  that  it  there  over- 
lies the  black  shale*  iN^o.  4,  has  been  remarked  by  all  the  geologists  who 
have  explored  the  country.  Dr.  F.  V.  Hayden  describes  it  briefly  but 
very  exactly  in  his  section*  as  ^' a  massive^  lieavyhedded  sandstone,  yel- 
lotcish  gray^  for  whitish  J  rather  concretionary  in  structurey  and  tceathering 
by  exfoliation^  over  Cretaceous  shales  with  Inoceramus  and  Ostrea,^  this 
last  bed  remarked  elsewhere  as  Cretaceous  No.  4,  Nothing  is  said  of 
the  characters  of  its  remains.  But  the  specimens  of  fossil  plants  gath- 
ered at  the  Raton  Mountains  by  Dr.  Ilayden  and  his  party,  some  of 
them  marked :  from  the  sandstone  below  tbe  coal,  bear  fucoidal  plants, 
representing  the  species  of  IlalymeniteSy  which,  by  the  abundance  of  its 
remains,  appears  essentially  characteristic  of  the  marine  flora  of  that 
l>eriod.  Dr.  Hayden  still  remarks  it  toward  the  southern  end  of  the 
Baton  Pass,  where  the  Lignitic  formation,  100  to  150  feet  thick,  containing 
two  or  three  small  seams  of  coal,  rests  immediately  ui)on  an  irregular 
bed  of  alternate  thin  layers  of  mud,  sandstone,  and  clay,  which  he  calls 
beds  of  passage  between  the  Cretaceous  and  the  Tertiary  of  that  region. 
Dr.  John  Leconte,  considering  the  same  strata  as  Cretaceous,  mentions 
them  in  his  report t  as  continuing  southward  of  the  Raton  along  the 
base  of  the  Rocky  Mountains,  '^forming  like  an  immense  terrace,  which 
extends  as  far  south  as  tlie  valley  of  the  Tonejo,  and  perhaps  even  to  the 
north  bank  of  the  Cimarron,^  They  are  evidently  the  same  sandstone- 
beds  as  those  of  the  Raton  Mountains;  for  the  same  geologist  remarks 
that  they  were  observed  by  him  northward  from  Trinidad  and  far  toward 
the  Arkansas.  Indeed,  from  this  place  northward  to  the  base  of  the 
Spanish  Peak,  these  sandstone-beds,  always  with  the  same  characters 
and  the  same  thickness  as  marked  for  the  eight  first  members  of  my 
second  section,  207  feet,  and  always  immediately  over  the  Cretaceous 
No.  4,  form  like  an  immense  terrace  perpendicularly,  cut  like  a  wall 
facing  east,  high  above  the  plain.  They  support  the  lignitic  beds  which 
still  tower  above  them,  either  ascending  in  steep  declivities  from  the 
top  of  the  perpendicular  sandstone,  or  receding  at  some  distance  where 
they  have  been  more  deeply  sapped  by  erosion.  "  This  abrupt  front^ 
says  Dr.  Hayden,  ^^  seems  to  form  a  sort  ofsJiore-line  of  a  wonderful  basiny 
as  if  a  body  of  water  had  swept  along  and  washed  against  the  high  bluffs^ 
as  along  some  large  river, ^  {  The  stage-road  from  Trinidad  to  Pueblo 
follows  the  base  of  the  cliffs  for  thirty-two  miles;  and,  from  each  station, 
a  geologist  has  convenient  opportunity  for  the  exploration  of  these  re- 

''Report  1869,  page  57. 

t  Notes  on  Geology.  &c.,  loc.  cit.,  pp.  22  and  23. 
t  Dr.  F.  V.  Hayden's  Report,  1869,  p.  53. 
21  G  s 
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MftrtEftUe  hillfl.  and  for  the  Btady  of  fhe  diataibotiim  of  fheir  geologioa 
■tnia  and  of  their  oharactars.  Sonth  of  Trinidad  the  Hyrilio  woaooie 
have  been  fiillowed  nearly  without  intermption  to  the  iMunrell  eatato,^ 
aboQt  fifty  miles.    As  it  ia  not  asyet  aacertoined,  howereri  how  ftr  thq; 

S»  to  the  west,  the  area  which  they  pover  at  and  aioond  the  Batoi 
onntains  cannot  be  positiYely  marked.  It  is  not  ezaggeiatioa  ti 
estimate  it  at  a  few  hundred,  say  six  to  ei|dit  hondreA  aqoaie  milei 
BcMdes  this,  the  same  formation  la  reportea  fiffther  sonth,  near  am 
around  Santa  Ti ;  in  the  Gallisteo  Talley:  along  the  mnnwt^—  ti 
Albuquerque,  and  in  the  valley  of  the  Bio  Grande  as  tue  south  aa  Ita 
Craig.  Everywhere,  with  a  single  exception,  which  diall  be  eonsldanj 
lieieafter,theselignitic  measures  have  exposed,  by  their  rdativa  fJffPiyfBi 
by  the  absence  of  animal  remains  in  the  thick  beds  of  sandstone  wkKI 
indicate  their  base  and  constitute  their  foundation,  by  the  hoooiolotty  ai 
their  marine  and  land  flora,  as  recognized  in  the  remains  of  foaafltfEarii 
whkh  they  contain  in  abundance,  im  the  characters  indicated  abnb  ii 
authorixing,  if  generally  marked,  the  separation  of  tiiis  group  ftom  ttjl 
Cretaceous  formation. 


I  • 


§  2.  Thb  Arkansas  Valley  fbom  Pueblo  to  CAltoir  Oitr, 

From  Pueblo  to  Cafion  City,  forty-five  miles,  the  stafle-roadftttraM 
broad  valley,  closed  on  the  soutii  side  by  the  Oreenhom  Hountun%  cm  111 
north  idde  by  the  Bim  Bange  of  the  Colorado  Mountains,  over  wlda 
towers  Piktfs  Peak,  whose  summit  is  visible  all  the  time.  Tbib  ym& 
Tidley  is  essentially  Cretaceous ;  all  the  eminences,  either  near  the  1il» 
ders  or  in  the  middle,  are  hills  of  this  formation,  molded  by  theenMkni 
of  the  Arkansas  River,  which  has  dug  numerous  beds  in  this  soft  ma* 
terial.  The  borders  of  its  present  bed,  like  those  of  its  old  ones,  whcM 
the  road  sometimes  meanders,  as  la  a  labyrinth,  are  pictnreaqucb 
markeil  by  rocks  of  diversified  forms,  resembling  monuments  onffi 
by  the  hand  of  man,  towers,  columns,  ruins,  &c.,  often  strewn 
around  in  confusion.  On  the  south  side  of  the  river,  however,  aboot 
fifteen  miles  before  reaching  Gaiion  City,  the  aspect  of  the  countiy  ia 
modified  by  the  appearance  of  a  group  of  hills  of  the  Lignitic,  filling  the 
UMMH)  iVom  the  base  of  the  Greenhorn  Mountains  to  the  borders  of  the 
liver,  three  to  four  miles  in  width.  The  whole  area  covered  here  te 
the  Liguitio  is,  ftom  the  report  of  Mr.  Keilson  Clark,  civil  engineer  aaio 
•nperinteudeut  of  the  mines,  about  thirty-three  square  miles.t  Ihe 
lower  strata,  overlying  the  sandstone,  rise  abruptly  about  50  £Mt 
above  the  Arkansas  Biver,  forming  a  kind  of  narrow  plateau,  over  which 
the  hills  of  the  Upper  Lignitic  rise  up  to  about  500  feet.  The  whole 
ttiivkuess  of  the  lignite-bearing  strata  is  estimated,  in  the  jomoal 
^viotetl  above,  at  about  600  feet.  The  following  section  is  taken  on  the 
land  of  the  central  Colorado  Improvement  Company,  where  coal-beds 
av«  already  now  extensively  worked.]:    It  is  written  from  bottom  ug- 

t%Kl^tl>'Uig  tlio  bottom  sand-rock  is  a  thick  bed  of  clay,  interlaid  with 
lWtt«i^4v<4»  ik'hoso  thickness  cannot  be  less  than  *200  feet. 


♦  Vv*  V.  Y,  Ut^-dcn's  Report,  1869,  p.  57. 

*  V«ig^i¥4««iu|{  and  Mining  Joamal,  November  12, 1872.    I  owe  also  to  Mr.  CUaAfWkB 
%|A  il^  iiMMJUMMa  to  take  me  to  the  mines,  the  details  of  the  following       -*  -  -^* 
Snj^  \4|NmM^  inlV^rmation. 
^  i^«Mi^y4i^  t^<>  lignite,  its  comparative  value,  thickness,  &c.,  are  given  in  ai 
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Ft.    In. 

1.  Bottom  8and-rock  ffrayish-yellow,  filled  with  coDcretions  of  red  sandstoxie, 

stratified  with  red  sandstone,  decomposes  easily  into  yellowish-white  sand, 

with  little  grit,  (exfoliating) 195  0 

2.  Brown,  very  soft  shale,  (soapstone) 2  0 

3.  Coal 1  8 

4.  Brown  (chocolate-colored)  very  soft  shale,  (soapstone) 2  0 

5.  Coal,  separating  in  blocks  hy  cleavage 4  2 

6.  Brown,  yery  soft  shale,  (like  No.  4) 8  0 

7.  Coal 1  foot  to  1  4 

a  Shale 0  lo 

9.  Clay 2  6 

la  Ooi 0  lo 

11.  Shale,  with  thin  layers  of  argillaceous  carbonate  of  iron 9  0 

12.  Sand-rock 7  0 

13.  Shale 3  0 

14.  Sand-rock 33  0 

15.  Shale,  with  thin  layers  of  carbonate  of  iron 8  0 

16.  Coal 2  2 

17.  Slate 14  o 

la  Sand-rock .* ; 2  0 

19.  Shale 2  0 

20.  Coal 1  8 

21.  Bock  andshale 12  0 

22.  Coal - 2  8 

23.  Rock  and  brown  shale 25  0 

24.  Coal 1  1 

85.  Brown  shale 1  iQ 

26.  Sand-rock 22  lO 

27.  Slate 0  6 

2a  Coal,  (river-seam) 3  8 

29.  Shale 10  0 

Then  follows  some  200  feet  of  sand-rook,  containing  three  seams  of  coal,  varying 
firom  10  to  20  inches,  one  of  which  yields  pieces  of  coke.  On  the  edge  of  the  basin,  the 
co«l-bearing  strata  are  few  in  number ;  toward  the  center  they  increase  iu  number, 
high  blu^  continually  appearing  until,  over  the  center  of  the  babin,  we  find  the  high- 
est geological  rocks  or  the  region. 

Mr.  Clark  still  remarks: 

Bot  in  regard  to  the  formation  of  the  coal  the  regularity  of  the  strata  is  wonderful. 
It  is  troe  that,  toward  the  north,  the  seams  of  coal  are  thinner,  and  the  sandstone 
much  thicker,  than  to  the  south ;  true,  also,  that  at  times  the  parting  of  the  seams, 
mostly  of  cla^,  varies  somewhat  in  thickness,  but  over  the  whole  extent  of  the 
basin,  some  thirty-three  square  miles  from  outcrop  to  outcrop,  the  dip  is  conformable 
to  t^e  center  with  a  few  unimportant  exceptions,  and  the  thickness  of  the  seams  and 
the  sand-rocks  varies  regularly. 

Mr.  Clark's  section  has  been  carefully  made  from  data  obtained  in 
mapping  and  surveying  the  whole  extent  of  this  lignitic  basin.  I  there- 
for© consider  it  as  a  favor  to  have  the  privilege  of  substituting  it  for  my 
own,  not  only  on  account  of  its  being  more  detailed,  but  because  it 
affords  opportunity  to  consider  here,  as  at  the  Eaton  Mountains,  the 
essential  characters  of  the  Lignitic  from  observations  presented  under 
different  points  of  view. 

In  the  above  section  it  is  easy  to  recognize  from  its  composition,  its 
color,  its  mode  of  disaggregation,  the  sandstone  No.  1,  about  200  feet 
thick,  as  the  equivalent  of  the  lower  fucoidal  sandstone  of  the  Lig- 
Bitic  of  the  Baton  Mountains.  The  essential  character  taken  from  its 
jremains  is  net  mentioned.  But  I  had  full  opportunity  to  remark  it,  not 
only  in  the  lower  beds  under  the  coal  worked  by  the  Improvement  Com- 
pany, bat  also  where  the  same  sandstone  is  exposed,  together  with  the 
upper  Cretaceous  strata,  In  the  middle  of  the  valley,  half  way  between 
Pueblo  and  CaSon  City.  In  my  examination  of  the  strata  overlying 
the  lignite  of  the  same  basin,  I  found  not  only  a  number  of  dicotyledo- 
nous leaves  in  the  shaly  sandstone,  but  in  the  intermediate  beds  of  hard 
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sand-rock  too,  many  remains  of  fcicoldal  plants,  especially  of  the  spe- 
cies which,  so  easily  recognized  by  its  tubercolate  snifiBcei  appears  to 
be  the  most  common  one,  and  the  more  characteristic  too  of  the  lag- 
nitic.  This  is  a  proof  that  the  eocenic  character  of  this  fbrmatiion  is 
not  limited  to  its  base,  and  that  the  lower  sandstone,  together  yi^  the 
beds  of  lignite,  are  of  the  same  formation ;  that^  indeed,  as  it  will  be 
seen  elsewhere,  the  lower  sandstone  sometimes  mclndes  in  its  divis- 
ions beds  of  lignite  to  its  base.* 

Can  we  here  determine  the  tipper  part  or  the  end  of  this  formation  t 
At  the  Baton  its  lower  stage  is  especially  fiDrmed.  I  conld  see  there 
nothing  in  ascending  the  hiffhest  hills  or  dopes  covering  the  vdoanic 
central  group  which  indicated  any  change  in  the  characters  of  the  stanta. 
Bnt  near  the  center  of  the  Lignitio  of  the  Arkansas  Valley,  the  fbnna- 
tion  is  covered  with  high  hills,  and  the  200  feet  of  lignite-bearinff  meas- 
ures above  those  marked  in  the  section  are  overlaid  by  beds  of  coarse 
grit,  mostly  conglomerate  sandstone,  whicl^  I  consider  as  the  dosing 
strata  of  the  Eocene-Lignitic  period.  For  this,  as  fbr  the  great  sand- 
stone of  the  base,  we  have  to  see  if  these  upper  conglomerate  sfarata 
have  been  observed  elsewhere  and  in  circumstances  which  may  prove 
their  immediate  connection  with  the  Lignitic.  Here  the  200  feet  of 
measures  under  them  are  formed  by  an  altemance  of  beds  of  soft  clay 
or  soapstone,  with  an  abundance  of  silicifled  wood,  beds  of  lignite, 
(the  outcrop  of  one  near  the  top  indicating  at  least  two  feet,)  beds 
of  clay,  which  become  hard,  uninterrupted,  blackened  by  carbonaceous 
matter ;  and  over  them,  in  immediate  superposition,  ferruginous  con- 
glomerate sandstone  separated  by  bands  of  soft-grained  sand-rock  in  a 
thickness  of  about  75  feet.  No  trace  of  organic  remains  are  found  in 
this  top  sandstone.  I  found  fucoidal  plants  mixed  with  broken  remains 
of  Gyperaceas  as  high  as  300  feet  below  the  top. 

Three  miles  northeast  of  OaSLon  Gity  1  had  opportunity  of  examin- 
ing the  formation  which  underlies  Ko.  1  of  Mr.  Glark's  section.  It  is 
a  compound  of  thin  beds  of  yellow,  compact,  sandy  clay,  separated  by 
thin  layers  of  coarse  materials  or  of  sandstone.  It  contains  animal 
remains  only,  large  scales  of  fishes  and  shells  of  Gretaceous  characters 
overlying  the  black  shale  Ko.  4,  in  a  thickness  of  about  40  feet.  What 
tbero  remains  of  this  upper  group  of  the  Gretaceous  is  not  much,  the 
materials  being  too  soft,  and  having  been  swept  away  by  erosion.  But 
there  is  enough  left  to  show  at  once  the  great  difference  existing  in  the 
compounds  and  nature  of  the  strata  of  this  Gretaceous  upper  formation, 
and  of  those  of  the  lignitic  sandstone,  which  here  is  immediately  above. 
The  superposition  is  seen,  as  remarked  above,  in  the  Arkansas  Valley, 
on  the  banks  of  a  creek  on  the  stage-road  midway  between  Pueblo  and 
Canon  City. 

All  this  is  not  new.  The  same  yellow,  arenaceous  clays  of  No.  5  in 
the  Arkansas  Valley  are  already  exactly  characterized  and  reported  by 
Dr.  nayden,t  who  marks,  too,  their  succession  in  ascending  as  ^^  passing 
up  into  a  somewhat  extensive  series  of  what  I  call  mud-beds,  composed 
of  thin  layers  of  clay  and  mud  sandstones,  with  all  kinds  of  mud-mark- 
ings, sort  of  transition  beds  or  beds  of  passage.  In  the  upper  portion 
of  these  layers  I  found  an  imi)erfect  specimen  of  Inoceramua,  This 
group  of  beds  is  from  50  to  100  feet  in  thickness.  Besting  upon  them  is 
a  thick  bed  of  rusty-yellow  sandstone,  which  I  regard  as  the  lower  bc^ 
of  the  Tertiary  deposits,''  &c.    These  mud-beds,  with  all  kinds  of  mud- 

*  Dr.  Haydcn  has,  from  five  miles  soath  of  Trinidad^  specimens  of  the  same  plants 
labeled,  "From  the  aandstone  above  the  coal," 
t  Dr.  F.  V.  Hayden's  Report,  1869,  p.  50. 
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markings,  appear  to  belong  to  the  lower  part  of  the  facoidal  sandstone, 
the  remains  of  marine  plants  often  resembling  mud-marks  of  various 
kinds.  The  presence  of  a  specimen  of  Inoceramt^  in  the  upper  part  of 
the  strata  is  an  apparent  contradiction  to  this  conclusion.  The  matter 
is  left  aside  for  future  discussion. 


• 


§  3.  Colorado  Springs  to  Denver. 

From  Pueblo  northward  no  trace  of  the  Lignitic  is  seen  along  the 
mountains  till  near  the  southern  base  of  a  range  of  hills,  the  Colorado 
Pinery,  which,  in  its  eastern  course,  at  right  angles  from  the  primitive 
mountains,  forms  the  divide  of  the  waters  between  the  Arkansas  and  the 
Platte  Elvers. 

The  succession  of  the  Cretaceous  strata  is  clearly  marked  on  the 
banks  of  Monument  Creek.  In  following  it  up  from  Colorado  Springs 
the  formation  can  be  studied  to  the  top  of  the  black  shale  Fo.  4,  and 
above  this  to  a  bed  of  brownish  sandstone,  separated  from  the  black 
shale  by  thin  layers  of  Tuten  clay  and  soapstone,  where  the  last  remains 
of  Cretaceous  animals,  especially  fragments  of  BaculiteSj  are  still 
abundant.  Over  this  is  the  sandstone,  barren  of  any  kind  of  remains, 
overlaid  in  the  banks  of  the  creek  by  a  bed  of  fire-clay,  or  very  soft 
chocolate-colored  shale,  which  marks  the  base  of  the  following  section  at 
low- water  level  of  the  creek : 

Feet. 

1.  Brown  lamuiatecl  fire-clay,  or  chocolate-colored  soft  shale,  a  componnd  of  re- 

mains of  rootlets  and  leaves  and  branches  of  undotorminuble  conifers 2 

2.  Coal,  soft,  disaggregating  under  atmospheric  influence 2 

3.  Chocolate-colored  clay-shale,  like  No.  1,  with  a  still  greater  proportion  of 

vegetable  deHnis 6 

4.  Soft,  yellowish,  coarse  sandstone  in  bank 8 

r>.  Clay,  shale,  and  shaly  sandstone  covered  slope 130 

6.  Soft,  laminated  clay,  interlaid  by  bauds  of  llmouite  iron  ore,  thin  liguite 

seams,  and  fossil-wood 88 

7.  Lignitic  black  clay,  in  banks 32 

b.  Fine-grained  conglomerate 112 

9.  Fine-grained  sandstone 4 

10.  Coarse  conglomerate 7 

11.  Sandstone 3 

12.  Ferruginous  hard  conglomerate 32 

426 


The  soft,  chocolate-colored,  laminated  clay,  Xos.  1  and  3  of  this 
section,  has  here  the  same  composition,  color,  and  characters  as  the  clay 
under  and  above  the  coal-beds  of  the  Baton  Monntains  and  of  the 
Arkansas  Valley.  Indeed,  I  have  seen  it  the  same,  more  or  less  darkly 
colored  by  bitumen,  however,  in  connection  with  coal-beds,  over  the 
whole  area  of  the  Lignitic  which  has  been  passed  in  my  exploration. 
This  clay  takes  the  place  of  the  fire-clay  so  generally  underlying  the 
coal-beds  of  the  Carboniferous  measures,  where,  as  in  the  Lignitic,  it 
formSjbesides  the  floor,  somebands,clay-partings,  separating  coal-strata, 
and  soft  shale  overlying  them.  It  has  also  been  formed  in  the  same 
way  by  immersed  fresh-water  plants,  or  true  water-plants  like  CharacecBj 
by  the  innumerable  divisions  of  the  roots  of  trees  living  along  or  within 
the  Bwamim,  and  by  the  d6bris  of  the  trees,  which  appear  to  have  been 
mostly  conifers.  The  fragments  entering  into  the  composition  of  this 
clayneShale  are  much  more  divided  and  obscured  by  maceration  than  the 
remains  preserved  in  sandstone  or  sandy  shale,  and,  except  for  a  few 
branches  of  conifers,  I  have  not  yet  been  able  to  determine  any  of  them 
in  a  satisfactory  manner. 
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The  sandstone  over  the  Gehning  coal,  No.  4  of  the  section,  is  by  its 
appearance,  its  mode  of  weathering  by  effoliation,  &c.,  the  equivalent  of 
the  lignitic  fiicoidal  sandstone.  On  the  soath  side  of  the  river,  where 
the  coal  is  opened,  it  does  not  contain  fossil  remains  of  any  kind,  and  is 
comparatively  thin.  Bat  on  the  other  side,  its  thickness  increases  to 
about  75  feet,  and  it  has  some  remains  of  fucoids,  and  a  thin  bed  of  coal, 
(0  inches,)  a  mere  streak  in  the  sandstone.  In  its  upper  part,  this  sand- 
stone, ferruginous  and  shaly,  contains  a  quantity  of  dicotyledonous 
leaves,  Populu^j  FlatanuSy  &c.,  with  large  fragments  of  Sabal  leaves,  all 
species  which,  by  identity  with  some  found  at  the  Baton  and  in  the 
Arkansas  Valley,  do  not  leave  any  doubt  about  the  contemporaneity  of 
these  Lignitic  measures. 

By  far  the  most  interesting  member  of  the  section  at  Oehrung's  is  the 
conglomerate  formation  at  the  top.  These  rocks  are  a  compound  of  small 
grains  or  pebbles,  mostly  of  white  quartz,  and  of  silex  of  various  colors, 
varying  in  size,  at  least  for  the  largest  proportion,  from  that  of  a  jiea  to 
that  of  the  hea!d  of  a  pin.  Pebbles  as  large  as  a  walnut  are  still  abun- 
dant ;  the  largest,  like  the  first,  are  rare,  and  especially  found  within  the 
layers  of  the  top.  This  formation,  150  feet  thick  at  least,  is  conforma- 
ble to  the  strata  overlying  the  coal  of  the  base  of  the  section,  and  here, 
as  it  will  be  still  seen  at  other  places,  it  overlies  immediately  thick  banks 
of  soft,  laminated,  bituminous,  black  clay.  The  materials  forming  this 
conglomerate  are  cemented  together  by  a  thin  coating  of  carbonate  of 
lime,  which  easily  disaggregates  under  atmospheric  influence,  except  in 
the  upper  8tratum,where  the  cement  has  been  hardened  by  ferruginous  in- 
filtration. Its  greater  resistance  has  then  locally  preserved  the  whole  mass 
from  destruction.  These  conglomerate  cliffs,  which,  from  the  hotel  of 
Colorado  Springs,  arrest  the  view  to  the  west,  appearing  like  high  blnffe 
of  white  sandstone,  are  evidently  the  mere  vestiges  of  an  extensive 
formation,  originally  covering  the  base  of  the  mountains  from  the 
Arkansas  Kiver,  extending  far  inland  to  the  east.  For  hundreds  of 
miles  the  ground  of  Colorado  Territory  is  formed  by  its  debris.  They 
have  given  to  the  soil  that  api)arent  sterility  of  surl'ace  which  is  so 
remarkably  changed  into  fertility  by  the  culture  of  the  substratum  com- 
posed of  softer-grained  materials  and  lime.  Nearer  to  and  along  the 
base  of  the  Colorado  Pinery,  whose  Lignitic  hills  have  escaped  destruc- 
tion by  the  upheaval  of  the  ridge,  these  conglomerates,  still  detached 
from  the  common  mass,  and  molded  into  the  most  diversified  forms  by 
disintegration,  have  scattered  columns,  pinnacles,  round  towers,  and 
cupolas  over  a  wide  area,  the  far-famed  Monument  Park. 

I  have  not  had  opportunity  to  examine  the  highest  ridges  of  this 
Colorado  Pinery,  whose  southern  base  is  about  five  miles  from  Colorado 
Springs,  and  on  the  other  side  descends  to  five  miles  south  of  the  South 
Platte.  Dr.  F.  V.  Ilayden,  who  has  surveyed  the  formation,  considers 
it  as  UpperMioceno  (?)  (modern  Tertiary  deposits)  comi)aring  it  to  a  group 
of  rocks  which  covers  the  country  from  Fort  Bridger  to  Weber  Canon, 
and  also  to  a  series  of  sands  and  sandstones  along  the  Gallisteo  Creek 
below  Sante  Fe,  the  Gallisteo  group.*  We  shall  have  opportunity  to 
see  this  forinatiou  again,  and  to  consider  its  age  with  more  details. 
Here,  as  at  other  localities,  it  is  conformable  to  the  Lignitic,  which  re- 
appears on  the  northern  side  of  the  ridge,  along  CheiTy  Creek  and  other 
branches  emptying  into  the  Platte.  ]So  beds  of  Lignite  are  as  yet  re- 
ported along  this  slope;  but  the  clay-beds  have,  as  on  the  other  side,  an 
abundance  of  silicified  wood.    I  have  seen  many  tine  specimens  of  it  in 


*-  Dr.  F.  V.  lluydeu's  Report,  18(51),  p.  40. 
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the  cabinet  of  Mr.  Byers,*  the  redacteur  of  the  Denver  City  News,  and 
since  my  return  have  read  in  the  same  joarnal  the  description  of  a  fossil- 
tree  fonnd  at  Cherry  Creek,  which,  had  I  read  it  while  at  Denver, 
would  have  induced  me  to  visit  the  place  and  ascertain  the  exactness 
of  assertions  scarcely  credible.  This  reported  fossil  jMiim-tree,  which  is 
hollow,  measures  at  its  base  22  feet  in  diameter,  and  20  feet  from  base 
the  diameter  is  still  15  feet.  This  is  nearly  equal  to  the  size  of  the 
largest  sequoia  or  giant  tree  of  California.  Such  a  size  cannot  be 
supposed,  at  least  not  for  palm-trees.  Whatever  it  may  be  of  this  dis- 
covery, the  abundance  of  fossil-wood  indicates  at  Cherry  Creek  the 
same  level  as  that  of  the  beds  of  clay  marked  in  the  section  of  Gehrungf  a 
as  "So.  6.  I  believe  that  the  lignite-beds  underlie  there  these  fossil- 
trees  at  a  distance  of  100  to  150  feet.  Not  far  from  this  place,  fourteen 
miles  east  of  Denver,  on  the  Kansas  Pacific  Railroad,  a  bed  of  lignite 
8  feet  thick  was  reached  at  81  feet  from  the  surface  by  a  shaft,  which  is 
now  closed,  and  whose  section  is  worth  future  reference.  I  owe  it  to 
Mr.  E.  B.  Mally,  who  superintended  the  work.  The  section  is  from  top 
to  bottom : 

Ft.    In. 

1.  Slaty  clay 16  0 

2.  Saud 18  0 

3.  TeUow  clay 5  0 

4.  Ligfat-blae  soapstone 6  0 

5.  Blown  soapstone 2  0 

6.  Soapstone  and  clay 13  0 

7.  Drab  soapstone 14  0 

S.  Dark-brown  soapetone 2  0 

9.  Black  slate,  with  yeins  of  coal 5  6 

10.  Coal,  wet  and  smutty 4  0 

11.  Coal,  better 3  0 

12.  Black-clay  parting 0  4 

13.  Coal 1  0 

14.  Soapstone,  bine,  brown,  and  black 24  7 

15.  Hard  sand-rock ^ 1  4 

16.  Spotted  sand-rock 12  0 

17.  very  hard  sand-rock 5  0 

18.  Soft,  sandy  clay 9  6 

142      3 

The  work  was  abandoned  on  accouut  of  the  poor  quality  of  the  coal ; 
but  the  section  indicates  the  place  of  the  bed,  at  the  top  of  the  great  Lig- 
nitic  or  fucoidal  sandstone  under  the  series  of  beds  of  clay,  soapstone, 
&c.,  as  at  Grehrung's  and  at  the  Eaton  Mountains. 

§4.  South  Platte  to  Cheyenne. 

From  the  mouth  of  Bear  Creek  into  the  Platte,  a  few  miles  west  of 
DeuTer,  the  Lignitic:  formation,  abutting  against  the  Cretaceous  and 
diversely  thrown  up  by  the  upheaval  of  the  primitive  mountains,  follows 
the  Imse  of  these  mountains  in  a  nearly  continuous  belt  to  Cheyenne. 
Though  generally  covered  by  detritus,  the  basin  is  deeply  cut  by  all  the 
creeks  descending  to  the  plain — Clear,  Ealston,  Coal,  Erie,  Boulder, 
Thompson  Creeks,  and  others — and  the  strata  thus  exposed  can  be 
studied  in  their  relative  position,  their  compounds,  &c.,  at  many  places. 
This  study  is  most  interesting,  but  the  same  ground  has  been  already 
surveyed  by  geologists  of  repute,  Dr.  F.  V.  Hayden,  Dr.  John  Leconte, 
Mr.  James  T.  Hodge,  &c.,  who  have  given  to  their  explorations  more 

*  I  owe  to  this  gentleman  valnable  information  on  tbe  distribution  of  the  lignite- 
beds  around  Dcnvers. 
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time  andexi>6ri6noetluuiIhadatmydi8poeal.  Idudlfhecefinexeferfor 
details  to  the  ^pcHts  already  pabliahed,*  and  restrict  my  dbaemitkma 
to  facts  essentiaUy  conneeted  with  my  line  of  rcBoarehCB  on  the  age  of 
this  Lignitie  formation  as  indicated  by  vegetable  remains. 

Golden  is  on  the  banks  of  Clear  Greek,  at  its  outlet  firbm  a  deep  Gallon^ 
and  inthe  middle  of  a  narrow  valleyi  dint  up  on  the  west  by  thedofies 
of  the  primitive  rocks  and  on  the  east  by  a  high  wall,  a  tn^p-dikei  which 
here  follows  the  same  trend  as  that  of  the  monntain  at  a  distance  of  one 
to  one  and  one-half  mile.  As  it  is  generally  the  case  along  the  eastern 
base  of  the  Bocky  Mountains,  the  more  recent  formations  have  been 
thrown  np  and  forward,  and  Uieir  edges  upraised  to  a  certain  degree 
nearest  to  the  uplift,  and  thus  succeeding  each  other  bv  hog-backs  fiimng 
the  mountains,  they  pass  toward  the  plains  in  diminished  degrees  of  dip, 
and  soon  take  their  original  horizontal  position. 

At  G<>lden,  the  Li gnitic  strata,  com  pressed,  as  they  are,  between  two  walls 
of  eruptive  rocks,  have  been  forced  up  on  the  western  mde  in  a  nearly  per- 
pendicular position,  while  on  the  other  they  were  thrown  up  at  the  same 
time  by  the  basaltic  dike,  and  thus  folded  or  doubled  against  their  fftces 
in  the  same  way  as  the  measures  of  the  anthracite  iMusin  of  Pennsyl- 
vania have  been  so  often  compressed  in  multiple  folds  between 
tiie  chains  of  the  Alleghany  Mountains.  In  that  way  the  lowest  strata 
of  the  Lignitie,  which  are  nearly  perpendicular,  overlie  the  Upper  Ore- 
taceous  strata,  which,  following  the  dope  of  the  mountain's  plunge,  in- 
clined in  a  less  degree.  The  line  of  superposition  of  both  fiunnations  is 
seen  along  a  ditch  opened  for  a  canal  of  irrigation,  about  200  feet  ftom 
the  tunnels  made  in  a  bank  of  day  whidi  underlies  the  lower  lignite- 
bed,  and  which  is  worked  for  pottery.  These  upper  Gretaoeous  ebcatak 
are  seen  in  the  same  podtion,  and  exactly  of  the  same  nature  as  at 
O^hrung's :  thin  beds  of  soapstone,  or  laminated  day,  with  Gretaoeous 
fossils,  and  above  them  the  same  kind  of  Tutm^ila^j  a  few  indies  thidc, 
under  the  lower  sandstone  of  the  Lignitie,  which  is  there  covered.  The 
surface  of  the  ridge  formed  by  the  upthrow  is  pierced  by  tlie  edge  of 
the  perpendicular  strata,  especidly  of  the  hard  sandstone,  and  thete 
the  characters  of  the  lowest  beds  are  recognized  at  many  places  as  title 
same  a«  those  of  the  fncoidal  sandstone  of  the  Baton  Mountains.  At 
the  cut  made  across  the  measures  by  Clear  Creek,  the  lower  sandstone 
appears  proportionally  thin,  10  to  20  feet.  It  is  a  white,  soft-grained 
sandstone,  hardened  by  metamorphism,  containing,  beddes  remains  of 
decotyledoDous  leaves,  some  species  of  finely  preserved  fncoids ;  among 
them  one  species  as  yet  undescribed  and  not  seen  elsewhere.  In  follow- 
ing the  same  sandstone  to  the  south  it  is  seen  increadng  in  thickness, 
and  near  and  under  the  Boe  coal,  five  miles  from  Grolden,  it  forms  a 
high,  isolated  ridge,  at  least  200  leet  thick,  barren  of  any  kind  of  re- 
mains^ except  some  fncoids. 

By  its  compound  the  altemance  of  its  coarse-grained  and  soft-grained 
strata,  these  being  often  mere  clay  or  mad  beds,  its  characters  appear 
the  same  as  those  of  the  lower  Lignitie  sandstone  of  the  Baton  Mount- 
ains. It  has,  too,  broken,  undeterminable  fragments  of  wood,  cyperacead, 
&c.  Besides  the  species  of  fossil  decotyledonous  leaves  found  in  tne  white 
sandstone  of  Golden,  most  of  them  homologous,  or  even  identical  with 
some  species  of  the  Baton  and  other  localities,  it  has  one  of  those  very 
rare  land-plants  which  have  been  described  and  recognized  in  Europe 
as  pertaining  as  yet  exclusively  to  the  Eocenct 

*  Dr.  F.  V.  Hayden,  Silliman's  Jonrnal,  March,  1868,  pp.  101  j  Geological  Beport,  1869, 
TO.  29  to  37 ;  Notes  on  Qeology,  Ac,  by  Dr.  LecoDte,  pp.  47  to  63 ;  on  the  Teraaiy  Coal 
-•f  the  West,  by  James  T.  Hodse,  in  Hayden's  Geological  Report,  1S70,  pp.  318  to  389. 

^  See  description  of  species  lor  farther  details. 
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My  lesearcbes  at  and  around  Golden  have  been  rewarded  by  the  dis- 
covery of  the  finest  and  best  preserved  specimens  of  fossil-leaves  that  have 
ever  been  found  in  this  country,  with  the  exception,  perhaps,  of  those  of 
Black  Butte.  They  were  obtained,  1st.  From  the  hard  white  sandstone 
under  and  interlying  the  beds  of  coal,  the  white  sandstone  hardened 
by  metamorphism  as  described  above;  2d.  From  beds  of  white  clay 
upheaved  against  the  sides  of  the  basaltic  dike,  a  clay  hard  as  silex  from 
metamorphism,  having  mostly  remains  of  palm-leaves ;  3d.  From  three 
mUes  south  of  Golden,  from  a  sandstone  still  upheaved  near  the  tail  of 
the  dike,  but  scarcely  changed  by  heat  and  easily  cut  in  large  pieces. 
These  specimens  should  indicate  a  different  degree  of  hardening  by  heat, 
according  to  distance  from  the  granitic  mountains  on  one  side,  and  from 
the  bs^altic  dike  on  the  other.  It  is  remarkable,  however,  that  the  lignite 
obtained  from  the  mines  at  Golden,  like  this  plant-bearing  sandstone, 
scarcely  bears  any  trace  of  the  action  of  heat. 

In  following  the  narrow  valley  from  Golden  to  Murphy's  coal-beds, 
the  same  strata  worked  at  both  places  have  been  traced  all  along  in  a  dis- 
tance of  more  than  five  miles.  From  Murphy's  or  Balston  Creek,  the 
Lignitic  is  covered  by  debris,  under  which  evidently  the  same  formation 
is  hidden,  with  the  same  kind  of  strata.  For  the  lignite  is  worked 
at  Leiden's,  about  two  miles  north  of  Murphy's,  from  same  nearly 
vertical  strata;  and  five  miles  farther  north,  the  formation  cut  by  Coal 
Creek  exposes  still  the  same  Lignitic  measures,  now  tending  to  their 
natural  horizontal  position  by  the  disappearance  of  the  basaltic  dike. 
Still  farther  north,  in  the  valley  of  Boulder  Creek,  at  Marshall's^ 
Wilson's,  Brigg's,  Erie,  &c.,  the  Lignitic  exposes,  by  the  number  and 
thickness  of  its  veins  of  coal  and  of  its  beds  of  sandstone,  a  fullness  of 
development  remarkable  indeed,  and  scarcely  seen  elsewhere.  From 
Golden  to  Marshall's  I  have  not  obtained  any  specimens  of  fossil-plants. 
A  careful  examination  of  the  numerous  beds  of  sandstone  exposed  there 
livould  have  demanded  much  more  time  than  I  had  at  my  disposal.  At 
Marshall's,  besides  specimens  of  interesting  dicotyledonous  leaves,  I 
found  few  fucoidal  remains,  the  lower  sandstone  being  there  below  the 
level  of  the  country.  The  main  coal,  by  the  abundance  of  large  trunks 
of  half-carbonized,  half-petrified  wood,  shows  a  chamcter  which  is  re- 
marked, too,  at  the  main  coal  of  the  Arkansas  Eiver  on  the  land  of  the 
Colorado  Improvement  Company.  At  Erie,  the  Lignitic  is  worked  as 
at  Marshall's,  near  the  level  of  thecountry,  and  therefore  no  sandstone 
is  exposed.  In  the  shaly,  sandy  clay  overlying  the  coal,  I  found  only 
remains  of  dicotyledonous  leaves  and  palms. 

The  continuity  of  the  Lignitic  formation  is  still  traced  farther  north 
by  Dr.  Hayden,  who,  in  his  report  of  1809^  indicates  a  bed  of  coal  opened 
and  wrought  to  some  extent,  twenty  miles  south  of  Cheyenne.  The 
section  of  the  locality,  as  given  on  page  17,  positively  marks  the  i)osition 
of  this  Lignitic  as  above  a  massive  sandstone  50  feet  thick  overlying 
Cretaceous  No.  5 ;  and  the  same  section,  too,  identifies  some  of  the 
strata  with  those  of  Marshall's  and  of  Black  Butte  by  beds  or  aggrega- 
tions of  oyster-shells,  Ostrea  mbtriganalisf  curiously  represented  by 
homologous  or  identical  species  at  about  the  same  horizon  at  these 
named  localities.  I  believe  that  farther  north,  to  Cheyenne,  the  same 
formations  are  still  present,  only  hidden  by  the  mass  of  detritus  brought 
over  them  from  the  mountains. 

Around  Cheyenne  the  predominant  formation  is  a  thick  bed  or  a  suc- 
cession of  beds  of  conglomerate  sandstone  of  the  same  composition  and 
in  the  same  position  as  the  conglomerate  of  Gehrung's  or  of  Monument 
Park  in  Colorado.    It  here  overlies,  as  at  Gehruug's,  thick  beds  of  black 
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bituminous  cla^  15  to  20  feet  thick,  as  expoaed  to  the  level  of  the  4»eek. 
The  difference  in  the  compoands  of  these  conglomerate  strata  is  menHj 
in  the  larger  size  of  tiie  pebbles,  which  at  Oheyenne  varj  flrom  the  sun 
of  a  pea  to  that  of  the  head,  and  in  the  presence  of  thin  beds  of  4Mh- 
water  limestone,  resembling  tafiE^  which  are  seen  here  and  theiei  of  very 
limited  extent,  similar  in  composition  to  the  calcareoos  day-beds  at  titie 
base  of  the  Oreen  Biver  gionp.  I  found  in  these  congtomeratea  two 
pieces  of  fossil-bones,  the  onlv  traces  of  fossQ-iemidns  which  I  vnm  able 
to  recognize  in  this  peculiar  formation.  Though  I  cannot  poeitiTel^  say 
as  yet  if  it  closes  the  Lignitic  period,  and  is  therefore  a  member  of  tins 
formation,  its  peculiar  identity  of  position  and  of  composition  is  worth 
remarking.  A  boring  of  a  fow  hundred  feet  at  Oh^enne  would  settle 
the  question  and  show  if,  as  I  believe  it,  the  Lignitic  beds  may  be  ftnond 
there  at  a  depth  of  200  to  300  feet  Anyhow,  all  what  we  have  seen  as 
yet  tends  to  confirm  the  statement  already  made  by  Dr.  Hayden  in 
1868,  (Silliman's  Journal,)  ^UuUaUihe  UgnUe  TerUarv  hediqf&e  Wmt 
are  butfragmenU  €f  one  great  bafinjinten^ied  here  amd  there  ig  mkassal 
of  mountain  chains^  or  oonoedled  fiy  the  depoeition  of  newer  JorrmaUom.^ 

m 

§  5.  OHBYXNins  TO  Oabbon  Station. 

Along  the  Union  Padflc  Bailroad,  ficom  Ohqrenne  up  the  T^uFMniA 
Plains,  the  country  has  been  explored  by  Dr.  Hayden,  who,  in  his 
report,  (1870,)  describes  the  passage  firom  the  primitive  xodks,  and  nuHdcs 
further  upon  the  plateau  the  re-i^pearance  of  the  Oretaoeons,  its  eon- 
tinuity  and  its  limits  to  the  West.  A  number  of  specimens  sent  to  ms 
in  former  years  for  examination,  being  labeled  as  from  Book  Greek  and 
Medicine  Bow,  I  expected  to  find  at  these  localities,  at  least  asms 
isolated  basins  of  the  Lignitic  This  indication  was  a  mistake ;  for, 
indeed,  the  Cretaceous  strata  are  continuous  along  the  railroad  to  four 
miles  west  of  Medicine  Bow,  where  they  are  seen  abmptiy  passing  under 
thick  strata  of  the  Lignitic  barren  sandstone.  Gniough  I  did  not  find 
any  fossil-plants  at  B(^k  Greek,  my  visit  there  afforded  me  a  good 
opportunity  of  studying  in  the  countiy  around,  the  upper  groups  of  the 
Cretaceous,  and  therefore  of  remarking  at  short  distances  the  essential 
<liffereuces  in  the  characters  of  both  the  upper  Cretaceous  sandstone 
and  the  Lignitic  sandstone  over  it.  Besides,  the  great  quantil^^iof 
remains  of  invertebrate  animals,  especially  abundant  in  the  upper  Gre- 
taceous,  all  representing  deep  marine  species  characteristic  of  the  fi»rma- 
tion — Ammonites.  BcaphyteSj  and  Bcumlites^  &c. — ^the  matter  dtseU^  a 
kind  of  sandy  calcareous  shale,  api)ears  at  first  sight  fstr  different  from 
that  of  the  facoidal  sandstone.  The  color  of  the  first  is  dark-brown  or 
yellowish-brown,  the  texture  finer-grained,  mixed  in  some  places  with 
calcareous  infiltrations ;  the  banks,  when  exposed  along  the  creeks 
or  cut  by  erosion,  do  not  weather  in  round,  concretionary  forms.  They 
break  in  large  cubic  pieces,  or  separate  in  shaly  layers,  forming,  by 
disintegration,  heaps  of  broken  fossil-shells,  of  angular  fragments 
of  rocks  and  of  dust  rather  than  sand.  At  Medicine  Bow,  the  line  of 
connection  of  both  formafions  is  perhaps  more  difficult  to  fix  than  at 
other  localities,  the  fucoidal  sandstone  here  being  mostiy  barren  of 
remains  of  marine  plants.  But  from  its  base  to  its  top,  in  a  thickness  of 
perhaps  200  feet,  it  is  barren,  too,  of  any  remains  of  animaJs,  while  here 
and  there,  branches  of  fucoids  appear,  as  thrown  by  the  waves,  being 
generally  mixed  with  fragments  of  wood  and  stems  of  dicotyledonous 
plants.  From  the  cut  of  the  railroad  west  of  Medicine  Bow,  where  this 
andstone  is  seen  overlying  the  Cretaceous,  and  where  two,  fine  mineral 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       331 

spriDgs  come  out  from  its  base,  it  is  continnons  to  Oarbon  in  repeated 
and  deeper  undulations,  forming  basins,  which  at  this  place  and  around, 
contain  the  upper  Lignitic  formation  with  remarkably  thick  beds  of 
combustible  mineral.  The  coal  is  mined  at  Carbon  Station  by  a  shaft 
descending  through  the  following  strata : 

Foot 

1.  Shale,  clay,  and  sandstone,  at  top 35 

2.  Ferruginous  shale,  with  dicotyledonous  leaves 3 

3.  Clay,  shale,  and  sandstone,  wich  the  plants  at  top 18 

4.  Cos^  Tmain)  9 

5.  Fire-clay  and  shale,  with  dicotyledonous  plants 20 

6.  Coal  .w 4 

7.  Fire-clay  and  shale 8 

S.  Coal 4 

•101 


In  following  the  railroad  to  about  one  mile  west  of  Carbon,  the  upper 
coal  is  seen  exposed  in  a  cut,  under  a  thick  layer  of  compact,  gritty 
sandstone,  resembling  the  millstone-grit  or  the  Mahoning  sandstone  of 
the  Carboniferous  formations,  not  only  by  its  composition,  but  by  the 
<)uantity  of  pieces  of  wood  or  streaks  of  coal  mixed  with  it  at  its  base. 
The  wood  is  either  petrified  ^not  silicified)  or  transformed  into  coal, 
forming  irregular  thin  layers  which  pass  into  the  sandstone  in  various 
du^ctions,  sometimes  ascending  nearly  vertically  one  or  two  feet  high, 
and  abruptly  disappearing.  This  bank,  too,  has  in  some  irregular  small 
cavities  pebbles  of  sandstone ;  even  fragments  of  rolled  wood  trans- 
formed into  coal,  indicating  its  formation  as  that  of  a  beach  where  the 
waves  brought  with  the  sand  and  imbedded  into  it  materials  of  varioun 
kinds.  Above  this  sandstone  are  beds  of  fire-clay  with  silicified  wood, 
overlaid  by  thick  layers  of  sandy  shale,  with  fossil-leaves  of  dicotyle- 
donous species,  the  whole  topx>ed  by  another  thick  stratum  of  coarse 
conglomerate  sandstone.  In  the  rubbish  along  the  railroad  I  found  one 
specimen  of  fncoid.  I  should  have  liked  to  examine  the  country  with 
more  details,  especially  in  order  to  compare  the  distribution  and  the 
composition  of  this  upper  conglomerate  sandstone  with  that  of  the  upper 
member  of  the  Lignitic  of  Colorado,  and  thus  to  possibly  recognize  an 
analogy  of  formation.  But  my  attention  was  claimed  by  the  examina- 
tion of  fossil-plants  found  at  Carbon  in  great  quantity,  and  my  whole 
time  had  to  be  gvein  to  their  study.  These  plants  are  obtained  from 
two  horizons :  No.  2  and  No.  6  of  the  section,  separated  by  35  to  40  feet 
of  measures. 

S  6.  Cabbon  to  Black  Butte  Station. 

From  Carbon  westward  the  country  and  its  geological  characters  and 
modifications  have  been,  too,  so  exactly  and  minutely  described  by  Dr. 
Hayden  in  the  same  report  of  1870,  pp.  134  to  140,  that,  besides  my 
paleontological  researches,  I  had,  in  following  the  railroad  to  Evanston, 
little  else  to  do  but  to  record  by  comparison  the  exactness  of  the  geo- 
logical facts  and  descriptions  already  published.  It  was  the  case  at 
Bawling^s  Station,  the  first  place  where  I  stopped,  after  passing  Carbon, 
to  examine  what  had  been  indicated  to  me  by  Mr.  William  Clebum,  civil 
engineer  of  the  railroad,  as  '^  peculiar  rocks,  containing  an  immense 
quantity  of  fucoids,"  which,  from  description,  I  supposed  might  indicate 

*  For  the  communication  of  tkis  section  and  other  valuable  information,  my  thanks 
are  given  to  Mr.  J.  WiUiams,  the  able  superintendent  of  the  Carbon  mines. 
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perhaps  the  presence  of  the  lignitie  at  that  locality.  These  cocks,  a  kind 
of  siliceoasy  reddish-brown  sandstone,  hardened  by  metamorphism,  are 
expb8(^  in  a  thickness  of  200  to  SOO  feet  in  blnfb  on  both  sides  of  the 
railroad,  half  a  mile  west  of  the  station.  They  overlie  the  nptoxned 
edges  of  granitic  rooks,  which  come  to  the  snrfiEuse  one  mile  fitfther  north, 
and,  indc^  they  contain  an  immense  abundance  and  variety  of  fiiooids, 
without  any  traces  of  animal  remains.  I  have  never  seen  slants  of  this 
kind  filling  rocks  in  snch  quantity,  except  in  some  ferruginous  shale  of 
the  Devonian  of  Ohio,  or  in  some  groups  of  the  Silurian  of  New  York 
and  Pennsylvania,  the  Trenton  and  the  Clinton  groups. 

These  marine  plants  belong  to  types  tea  different  from  those  of  the 
fucoids  of  the  Tertiary.  This  is  immediately  recogniised,  especially  in 
their  large  size,  as  remarkable  as  the  quantity  of  their  remains.  Some 
branches  or  trunks  measure  more  than  half  a  foot  in  diameter,  while 
their  ramifications,  filling  the  rocks  fuid  crossing  the  layers  in  every  di- 
rection, cover  large  surfaces  by  a  confused  mass  of  filamenta.  They  look 
like  heaps  of  sea-weed  crushed,  flattened,  and  petrified  at  the  same 
time.  The  large-sized  trunks  of  these  plants  are  generally  found  near 
the  base  of  the  formation,  or  in  close  proximity  to  the  granite  rooks, 
while  at  a  higher  level  the  shales  are  mostly  covered  with  small  ape* 
ciea,  perhaps  mere  branches  of  the  large  ones.  Some  of  these,  as  &r 
as  they  can  be  recognized,  are  referable  to  Ohandrite$  antiqmui^  Stemb ; 
Buthotrephis  sncoul^us  and  B.  flexuosuSj  Hall,  all  species  of  the  SUarian. 
But,  as  said  above,  they  are  mixed  in  such  a  way  tiiat  the  ascertaining 
of  their  specific  characters  would  demand  much  time  for  a  caroftd 
study,  which  can  be  made  only  in  place,  small  broken  specimens  being 
useless  for  that  purpose.  But  if  even  I  had  been  able  to  determine 
specifically  a  number  of  these  plants,  our  acquaintance  with  the  fricoids 
of  the  old  formations  is  as  yet  too  limited  to  afford  reliable  points  of 
comparison,  and  therefore  it  would  not  be  possible  to  refer  those  of 
Eawlings  to  a  peculiar  division  of  the  Silurian.  That  they  belong  to  the 
Silurian  epoch  is  all  that  can  be  ascertained,  and  thus  the  opinion  of 
Dr.  Hayden  on  the  age  of  these  fucoidal  rocks  is  corroborated  by 
paleoutological  evidence. 

The  same  kind  of  focoidal  remains  are  seen  also,  but  far  less  abun- 
dant, in  the  re<l  rocks  overlying  the  primitive  formations  in  Colorado; 
as,  for  example,  in  passing  up  Glen  Eyrie  from  what  is  called  the  Gar- 
den of  the  Gods.  These  plants  may  be  remarked  in  the  fragments 
strewn  along  the  borders  of  the  run.  The  formation  is  evidently  older 
than  that  of  the  upturned  red  rocks  which  form  the  inclosuro  and  the 
monuments  of  the  garden.  In  these  I  did  not  find  any  fossil  remains  of 
any  kind  at  this  locality ;  but  near  Canon  City,  from  the  upturned 
ridge  of  jed  and  white  sandstone  from  under  which  the  soda-springs 
gurgle  out,  and  which,  from  their  position,  are  referable  to  the  same 
formation,  I  obtained  a  few  fruits  of  the  genus  Trigonocarpum.  With 
some  rare  fragments  of  Calamitts^  recognized  too  in  these  rocks,  they 
would  indicate  their  age  as  true  Carboniferous  or  Lower  Permian.  In 
crossing  this  ridge  aloug  Oil  Creek,  east  of  Cailon  City,  the  underlying 
strata  from  which  the  bitumen  there  percolates,  mixed  with  the  water, 
are  mostly  beds  of  black  shale,  which  appear  referable  to  the  Devonian, 
at  least  from  the  analogy  of  their  compound  and  color.  I  do  not  know 
that  any  kind  of  fossil  has  been  remarked  in  connection  with  them,  and 
this,  too,  is  a  point  of  analogy  with  our  oil-bearing  Devonian  black 
shales,  so  extensively  developed  from  Arkansas  to  Pennsylvania,  and  rec- 
ognized everywhere  by  their  geological  position  and  the  large  proper- 
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tion  of  bitumen  which  they  contain,  though  mostly  barren  of  fossil  re- 
mains. 

Prom  EawliDgs,  still  on  the  line  of  the  Union  Pacific  Eailroad,  the 
Lignitic  formation  soon  comes  up,  bordering  the  belt  of  the  Cretaceous 
wMch  passes  southward,  and  at  Separation,  ten  miles  west,  a  bed  of 
coal,  reported  11  feet  thick,  has  been  opened  and  then  abandoned  for  a 
time  on  account  of  the  difficulty  of  mining  it,  and  of  its  distance  from 
the  railroad.  At  Creston,  fourteen  miles  farther  west,  no  coal  has  been 
found  expose<l,  but  a  bed  of  lignite  has  been  x)assed  by  a  boring  at  83 
feet  from  the  surface.  The  coal  is  reported  4  feet  thick  and  of  good 
quality.  Here  the  strata  are  nearly  horizontal,  and  it  is  probably  the 
same  bed  which  thirteen  miles  farther  west,  at  Washakie  Station,  is 
indicated  by  a  boring  as  being  3J  feet  thick  at  120  feet  from  the  surface. 
As  Washakie  Station  is  333  feet  lower  than  Creston,  this  difference,  with 
that  of  the  distance  from  the  surface  to  the  coal,  would  indicate  a  di[) 
to  the  west  of  about  30  feet  per  mile.  The  records  of  this  last  boring, 
which  I  owe  to  the  kindness  of  Mr.  John  Denover,  station-agent,  further 
indicate  a  stratum  of  red  paint  20  inches  thick  at  180  feet,  and  then  a 
succession  of  beds  of  soapstone  alternating  with  beds  of  white  sand- 
stone to  675  feet,  where  water  was  obtained.  The  beds  here  called 
soapstone  did  offer  to  the  bore  as  much  resistance  as,  if  not  more  than, 
white  sandstone.  Though  no  positive  evidence  can  be  drawn  from  these 
records,  it  appears,  however,  that  the  thick  formation  of  white  sand- 
stone, interlaid  by  beds  of  hard  clay-shale,  represents  the  sandstone 
formation  of  the- Lower  Lignitic.  Generally  springs,  mostly  of  mineral 
water,  flow  out  at  its  base,  near  its  line  of  superposition  to  the  compact 
and  impermeable  clay-beds  and  black  shale  of  the  Upper  Cretaceous.* 

§7.  Black  Butte  to  Eock  Spring. 

In' following  the  railroad  from  Black  Butte  westward,  the  Lignitic 
formation,  already  seen  at  the  surface  of  the  country  from  below  Bitter 
Creek  Station,  forms  an  irregularly  broken  ridge,  whose  general  dip 
toward  the  east  is  varied  by  low  undulations.  In  that  way  the  measures 
slowly  ascend  to  Point  of  Kocks,  where  tliey  overlie  the  black  shale  of 
the  Cretaceous  No.  4,  there  constituting  the  axis  of  an  anticlinal,  which 
is  cut,  below  Point  of  llocks,  by  the  meanders  of  Bitter  Creek.  The 
oounterface  of  the  axis  appears  westward  in  corresponding  strata  after 
X>assing  Saltwell  Valley,  and  hence  the  dip  to  the  west  brings  to  the 
surface  the  upper  strata  of  the  Lignitic  at  Kock  Spring.  The  section  of 
the  measures  is  perfectly  clear  and  exposed  in  its  whole  length.  At 
Point  of  Rocks,  and  near  the  highest  part  of  the  anticlinal  axis,  the 
Cretaceous  strata  are  exposed  80  feet  in  thickness,  immediately  and 
conformably  overlaid  by  185  feet  of  the  Lignitic  sandstone  which  from 
its  base  bears  fucoidal  remains.  It  has  moreover  the  composition,  mode 
of  disintegrations,  &c.,  remarked  already^in  the  same  formations  at  the 
Katon.  East  of  the  station,  25  feet  above  the  base  of  this  sandstone, 
there  is  a  bed  of  coal  8  feet  thick.  Farther  east,  at  Hallville,  a  Lignitic 
bed,  overlaid  by  shales  where  are  imbedded  a  quantity  of  fossil-shells, 
is  worked  near  the  level  of  the  valley  at  a  short  distance  from  the  rail- 
road. At  Black  Buttes  a  bed  of  lignite  is  worked,  too,  above  the  Eocene 
sandstone,  as  indicated  by  the  following  section  taken  from  the  railroad, 
half  a  mUe  east  of  the  station : 

*  For  fhriher  details  on  the  geology  of  that  barren  and  wild  country,  see  Dr.  F.  Y. 
Hayden'8  Report,  1S70,  pp.  139, 140 
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From  base  upward: 

R.  In. 

1.  White  flandstone  MmeretioDaiy,  wefttheiiiig  in  oaTitiet^  with  ajmnduaitt 

of  facoids 118    0 

2.  Shale  and  flre-ohiy «.•• IS    0 

a  Coal 4    0 

4.  Black,  soft  laminated  thale 10  0 

5.  Fire-olay,  gray  and  ohocolate  ookved 6  0 

6.  Coal,(niain) S  0 

7.  ArgiilaoeoQB  and  sandy  yeUowiah  ahale^  with  a  quantity  of  dioo^led- 
onoDB  leaves - IQ  9 

8.  Coal-streak 0  3 

9.  Argillaceous  shale  and  oli^ •«...•.       7    0 

10.  Shaly  sandstone,  often  fermi^ons 10   0 

Above  this,  and  on  the  other  side  of  the  hills  toward  the  station,  the 
sandstone  with  the  characters  indicated  for  No.  1  of  the  section,  ascends 
to  the  level  of  this  section,  does  not  contain  any  coal,  and  is  overlaid 
still  by  about  50  feet  of  measures,  mostly  shale  day-beds,  witik  fbeail- 
shells  mixed  with  plants.  There  is.  too,  a  stratum  of  asnes  or  baked 
cl^,  where  bones  of  a  Saurian,  shells,  dicotyledonous  and  Babal  leaves 
are  mixed  in  aconfused  mass.*  Thougn  the  best  partsof  the  Saariaii  had 
been  taken  out  already,  I  got  some  specimens  bearing  on  the  same 
pieces,  fragments  of  bones,  shells,  and  fossil-leaves.  About  at  the  same 
level,  and  a  few  hundred  yards  northwest,  the  top  hills  are  composed 
of  baked  red  shale,  where  specimens  of  dicotyledonous  leaves  and 
small  shells  are  also  found  mixed  together,  in  the  strata  marked 
on  the  section,  other  kinds  of  remains,  too,  have  to  be  mentioned.  The 
sandstone  No.  1  of  the  above  section  has  fbcoidal  remains  bMutiftaUy 
preserved.  One  specimen  of  Balimenetes  is  seen  in  an  erect  position 
unfolding  its  branches  about  10  leet  high,  with  a  stem  more  ttian  1  inch 
wide,  as  clearly  defined  upon  the  vertical  face  of  the  sandstone  as  if 
painted  there  by  hand.  It  is  upon  a  large  detached  block  quite  near 
the  mine  oh  the  side  of  the  railroad.  ThiB  sandstone  itself,  fhll  of  round 
concrotions  varying  from  the  size  of  an  egg  to  that  of  the  head,  is 
molded  and  dag  by  weathering  in  still  more  diversified  and  remarkaole 
forms  than  the  same  sandstone  at  the  Katon  Mountains.!  In  the  hills 
facing  the  depot,  its  walls  are  dag  into  a  multitude  of  niches  of  every 
size  and  form,  which  the  children  of  the  station  use  as  store-rooms  for 
play,  and  where  they  expose^  as  in  cabinets  or  shops,  the  various  and 
curiously  molded  concretions  found  around  in  the  sand.  And  above  the 
main  coal,  too,  the  shale  of  the  stratum  marked  No.  7  of  the  section 
has  the  best-preserved  specimens  of  fossil-leaves  found  as  yet  in  the 
Tertiary  formations  of  ours,  and  this  in  profusion.  Inde^  the  whole 
country  at  and  around  Black  Butte  offers  rich  mines  of  interesting  and 
valuable  materials  for  the  study  of  the  geologist  and  palebntologist. 

At  Eock  Spring,  as  said  above,  the  upper  strata  of  the  same  forma- 
tion come  to  the  surface,  and  there  a  splendid  bed  of  lignite  8  to  9  feet 
thick  has  been  worked  for  a  long  time,  from  just  above  tiiick  banks  of 
white  fucoidal  sandstone.  In  this  sandstone  the  remains  of  marine 
plants  are  as  numerous  as  at  Black  Buttes,  and  as  well  preserved,  too. 
This  sandstone,  from  the  section  given  below,  is,  with  its  alternate  beds 
of  hardened  clay  shale,  about  100  feet  thick.    Most  of  its  strata  are 

*  A  large  Binosanrian  discovered  hy  Professor  B.  F.  Meek,  and  dug  cot  Innieeee  by 
Professor  E.  1),  Cope.    American  Jonmal  of  Science  and  Arts,  December,  169§,  p.  489. 

t  For  more  details  on  this  sandstone,  on  the  geological  direction  of  the  strata,  on  the 
distribution  of  coal-beds,  &c.,  from  Black  Buttes  to  Hock  Springs,  see  Dr.  P.  V.  Hay- 
den's  Report,  1870,  pp.  140-142. 
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exposed  in  the  hills  southeast  of  the  station.  Some  of  them  have  a  few 
fossil  dicotyledonous  leaves.  They  overlie  the  bed  of  coal  marked  4 
feet  in  the  section,  the  Van  Dyke  bed,  which  is  ox>ened  and  worked  near 
the  railroad,  two  miles  east  of  Bock  Springs. 

When  I  passed  Bock  Spring  a  boring  for  an  artesian  well  was  still 
in  progress  and  had  already  reached  1,180  feet.  Mr.  Frank  F.  Phelps, 
to  whom  I  am  indebted  for  many  kind  offices  and  valuable  information, 
gave  me  the  following  records  of  this  boring.  Though  the  nature  of  the 
stn^  separating  cosd-beds  is  not  marked,  some  interesting  deductions 
may  be  furnished  to  discussion  by  the  succession  of  the  measures. 

At  7  feet  from  surface,  after  passing  sandy  soil  and  black  shale : 

Ft.  In. 

1.  Main  coal 8  0 

At    117  feet,  after  beds  of  hard  sandstoue,  sbaly  sandstone,  and  soapstone, 
intercalated: 

S.  Cool  worked  two  miles  east 4  0 

3.  At  149  feet,  ooal 3  4 

4.  At  268  feet,  coal 5  5 

5.  At  324  feet,  coal 3  0 

6.  At  353  feet,  coal 2  6 

7.  At  377  feet,  coal 2  1 

a  At  420  feet,  coal 3  0 

9.  At  447  feet,  coal 1  8 

10.  At  476  feet,  coal 2  0 

11.  At  485  feet,  coal 2  0 

12.  At  577  feet,  coal 2  6 

13.  At  606  feet,  coal .  3  0 

14.  At  640  feet,  coal 1  8 

15.  At  668  feet,  coal 1  8 

16.  At  728  feet,  coal 2  0 

Between  all  these  coal-banks  the  strata  passed  through  were  constantly 
soapstone  and  sandstone;  the  soapstone  looking  like  blue  fire-clay,  but 
more  difficult  to  pass  with  the  bore  than  the  sandstone.  From  780  to 
1,180  feet,  the  depth  reached  ^hen  I  was  there,  the  strata  are  merely 
white  sandstone,  alternating  with  shale. 

This  record  seems  to  show  an  extraordinary  or  abnormal  development 
of  lignite-strata.  We  have  here  sixteen  beds  of  this  coal,  measuring  in 
the  whole  48  feet  in  thickness,  in  little  more  700  feet  of  measures.  This, 
however,  is  not  different  from  what  has  been  seen  elsewhere  already,  in 
some  exposures  of  the  upper  Lignitic  formations.  The  section  at  Mar- 
shall's, as  published  in  Dr.  F.  V.  Hayden's  Report,  (1869,)  pp.  29  and 
30,  marks  eleven  beds  of  lignite,  which,  taken  all  togetner,  measure  63 
feet,  and  this  in  less  than  600  feet,  of  strata,  overlying  the  lower  sand- 
stone and  exposed  above  surface.  Tliere  is  merely  at  Eock  Springs  an 
increased  thickness  of  the  sandstone-beds,  which  is  normal,  and  is  easily 
understood  in  considering  the  mode  and  development  of  the  Lignitic 
formation. 

From  Bock  Springs  to  the  base  of  the  hills  north  of  the  station,  six 
to  seven  miles  distant,  the  bottom  of  the  valley  is  nearly  flat,  bordered 
by  low  ridges  of  shaly  sandstone,  passing  to  mere  hillocks,  and  then  to 
Baud  and  day  detritus  from  the  northern,  hills  which  overlie  here  the  Lig- 
nitic. They  belong  to  the  Green  River  Group  of  Hayden,  and  appear  in- 
deed to  form  a  distinct,  wellTCharacterized  division  of  the  Tertiary.  My 
purpose  in  visiting  these  hills  was  first  to  see  a  remarkable  stratum, 
mere  oompoond  of  shells  glued  together  by  ferruginous  and  calcareous 
day.  tbe  whole  mass  mostly  silicified.  These  molluscs,  generally 
small,  appear  flresh-water  species,  and  of  more  recent  types  than  those 
which  I  had  found  in  the  black  shale  over  the  main  coal  of  Rock  Springs. 
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Bat  I  was  especially  anxious  to  asoertfldn  if  the  oongloiiierato  fiNnnatioii, 
remarked  at  the  other  loealitieB,  had  here  left  some  traoes  as  iadiottthm 
of  its  saperposition  to  the  apper  lignitic  strata.  liTothiDgUke  it  is  seen 
either  at  the  top  of  the  hillocks  or  in  the  broad  bottoms  of  the  valley  in 
crossing  it  northward  in  a  direct  line  firom  Bock  Springs.  Near  tUs 
station  only,  the  top  sandstone  is,  here  and  there,  strewn  yriHtk  loose 
pieces  of  sUicified  and  finely  opalixed  wood ;  bnt  I  mtve  seen  no  pebbles 
with  them.  This  ezplorationv  however,  was  too  rapid  and  snperfldal 
to  afford  positive  evidence.  It  should  be  repeated  nnder  more  iSsvor- 
able  circnmstances,  and  pnrsned  in  difEer^it  directions,  especially  toward 
the  upper  end  of  the  valley. 

§  8.  Gbeen  Biveb  Station. 

All  that  can  be  said  in  a  general  way  on  the  succession  and  the  com- 
pounds of  the  strata  of  the  Green  Biver  group  is  already  pnblisbed  in 
the  reports.  As  I  shall  have,  however,  to  remark  upon  ti^e  compodtkm 
of  the  numerous  beds  of  bituminous  shale  of  this  formation  in  exam- 
ining the  value  of  the  combustible  mineral  of  the  Ugnitic,  and  also  to 
consider  the  relation  of  the  fossil-plants  which  have  been  f6nnd  in  some 
of  its  strata,  it  is  convenient  to  have  for  fhture  referenoe  a  detailed  sec- 
tion of  the  measures.  The  following  is  taken  firom  near  Green  Biver 
Station,  where  the  succession  of  strata  is  clearly  seen  and  ezrosed  In  a 
comparatively  great  thickness.  This  section  is  from  top  ot  Pilot  Hill 
downward. 


1.  Hard,  red  femiffinoas  saDdstoDe  in  layers 60 

2.  Sbaly,  leddish^lamiiiated  argUlaceona  saadrtone^  with  abundant  remains  Of 

fishes 66 

3.  Black  bitmninoas  calcareous  shale 7 

4.  Red  shaly  Bandstone 5 

5.  Black  bitaminons  shale,  with  remains  of  fishes 6 

6.  Hard,  sbaly,  argillaceous  sandstone • 7 

7.  Black  bituminous  shale  in  bank S5 

8.  Calcareous  thin  beds  of  shale  and  black  bituminous  layers  alternating 70 

9.  Soft,  white,  calcareous  shale • & 

10.  Hard,  white,  calcareous  shale 5 

11.  Bituminous  shale  and  remains  of  fishes 5 

12.  White,  soft,  calcareous  shale 15 

13.  Shaly  yellow  sandstone • ....••••...  13 

14.  Clay  shale,  topped  by  half  a  foot  of  bituminous  shale 90 

15.  White  calcareous  shale,  interlaid  by  green  sand 72 

16.  Bitaminons  black  shale 9 

17.  Argillaceous  shale 33 

18.  SandHtone  shale 15 

19.  8ofb,  laminated  clay  shale 17 

20.  Shaly  sandstone   5 

21.  Soft  calcareous  shale 20 

22.  Harder  laminated  shale,  mixed  beds 22 

23.  Hard  calcareous  rock 5 

24.  Soft  shale  and  white  clay ., 25 

25.  Covered  space  to  bed  of  river • 45 

54S 

• 

This  section  indicates  a  thickness  of  about  40  feet  of  bitaminons 
matter  distributed  in  thin  beds,  besides  the  70  feet  thick  bed  No.  8,  com- 
posed of  alternate  layers  of  calcareous  and  bitaminons  shales.  All 
these  shales  are  more  or  less  impregnated  by  bittimeui  and  sometimes 
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80  maoh  charged  with  it  that  it  percolates  through  rocks  of  sandstone 
nnder  them.  As  atmospheric  action  vaporizes  and  dissolves  the  bitumen, 
the  exposed  faces  of  the  strata  are  generally  whitish,  and  do  not  show  on 
the  outside  the  appearance  of  their  composition.  But  when  cut  into  a  few 
feet  deep,  the  shale  are  found  as  hard  and  as  black  as  cannel-coal,  breaking 
in  even  fi^cture 'without  marks  of  lamination.  This  has  caused  a  gres^ 
deal  of  useless  researches,  borings,  and  tunnelings,  from  unreliable  re- 
ports on  the  presence  of  true  coal  at  various  localities  around  Green  Eiver 
Station.  From  my  own  exploration  of  these  formations,  I  am  s^'tisfied 
that  they  do  not  have  any  bed  of  true  lignite.  The  shales  are,  however, 
T£duable,  and  may  yield  by  distillation  an  amount  of  bitumen  large 
enough  to  be  remunerative,  when  this  matter  becomes  available  to  some 
purpose  in  the  distant  localities  where  it  is  found.  This  bitumen  ap- 
X>ear8  to  be  essentially  the  result  of  the  decomposition  of  animal  matter. 
I  have  looked  in  vain  in  the  shales  for  remains  of  vegetables.  In  the 
lowest  stratum  only,  Fo.  16  of  the  section,  1  have  found  an  obscure  im- 
pression resembling  a  leaf  of  grass  or  a  narrow  flattened  stem,  rather 
referable  to  some  fresh-water  plant  than  to  a  marine  vegetable.  From 
the  thinness  of  the  strata  of  the  Green  Biver  group,  their  extreme 
diversity,  their  multiplication,  and  their  compounds,  they  seem  to  be 
the  resiQt  of  deposits  in  shallow  lakes  where  materials  were  originated 
and  mixed.  These  lakes  were  inhabited  by  a  prodigious  quantity  of 
fishes,,  which,  destroyed  at  repeated  periods  by  drought,  have  partly  fur- 
nished the  bitumen  to  the  shales  where  their  skeletons  are  preserved. 
Whenever  I  had  time  to  search  for  them,  I  have  scarcely  failed  to  find  traces 
of  fish-remains  in  the  numerous  beds  of  bituminous  shale  which  I  have 
examined.  It  is  probably  to  the  periodical  drain  or  desiccation  of  these 
lakes,  to  repeated  variations  of  level  in  these  iresh-water  basins,  that  is 
due  the  absence  of  beds  of  lignite ;  these  changes  having  prevented  the 
heaping,  preservation,  and  slow  maceration  of  vegetables,  which  are  ob- 
tainable only  under  the  permanent  influence  of  water.  The  alternations 
of  submersion  and  drougth,  on  the  contrary,  cause  a  total  decomposition 
of  vegetaJt>le  remains  resulting  in  the  formation  of  mud  and  clay.  Even  ani- 
mid  remains,  especially  small  moliusks,  are  affected  and  soon  destroyed 
under  the  same  influence.  The  records  attest  that  in  Denmark,  some 
shallow  lakes  have  been  thus  filled  in  four  years  with  two  feet  of  cal- 
careous clay  by  the  decomposition  of  Gharaceae  and  thin-shelled  Cyclas 
and  Physas.  Fossil  dicotyledonous  leaves  have  been  found  in  yellow  clay 
shales,  near  Green  Eiver  Station,  and  have  been  already  described.  As 
yet,  remains  of  this  kind  appear  very  rare  in  this  formation. 

§  9.  EVANSTON. 

A  good  description,  with  fine  sections  of  the  lignite-beds  of  this  lo- 
cality, has  been  given  by  Mr.  A.  0.  Peale,  in  Dr.  F.  V.  Hayden's  last 
report,  (1871,)  p.  194.  I  have  nothing  to  add  to  the  observations  most 
carefully  made  and  to  the  details  given  on  this  remarkable  deposit  of 
combustible  mineral,  but  wish  only  to  make  a  few  remarks  on  the  dis- 
tribution of  the  strata  overlying  the  lignite-beds,  especially  in  regard 
to  the  conglomerate  formation  which  tops  the  hills.  The  sections  of 
Mr.  Peale  go  to  the  top  of  the  upper  coal-bed.  From  this,  in  ascending 
order,  the  following  strata  are  exposed  in  the  hill  above  the  works  of  the 
Wyoming  Goal  Company : 

22  o  8 
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Feet 

1.  Argillaceons  shale,  with  ferrnginons  concretions 96 

2.  Shaly  sandstone,  sometimes  in  banks  and  very  hard,  with  fossil  dicotyledo- 

nous leaves 11 

3.  Alternating  beds  of  shale  and  shaly  sandstone 106 

4.  Sandstone  in  bank 11 

5.  Shale  and  clay  banks,  mostly  clay-covered .• 145 

■    6.  Bituminous  clay 10 

7.  Conglomerate,  lower  bank 27 

8.  Fine-grained  sandstone,  with  thin  layers  of  coarse-grained  sandstone 32 

9.  Conglomerate,  topped  with  coarse  sandstone 37 

10.  Hardf  yellow,  fine-grained  micaceous  sandstone 32 

11.  Conglomerate  to  top 40 

547 

In  the«e  547  feet  of  measures  above  the  coal,  the  upper  part,  mostly 
conglomerate  strata  alternating  with  sandstone,  is  168  feet.  Comparing 
this  section  to  that  of  Colorado  Springs,  above  the  Gehrung  coal, 
where  the  same  kind  of  conglomerate  tops  the  Lignitic  formation,  we 
cannot  but  find  a  remarkable  analogy,  not  to  say  identity,  between 
both.  At  Colorado  the  conglomerate,  as  should  be  expected  from 
the  greater  distance  to  the  point  where  the  materials  have  originated, 
is  composed  of  smaller  i)ebbles.  The  thickness  of  the  same  measures  is, 
too,  reduced  by  erosion.  But  the  relation  and  alternance  of  the  strata 
is  similar.  The  same  can  be  said  of  the  Upper  Lignitic  of  Caiion  City 
and  of  other  localities  reported  by  Dr.  Hayden.  From  this,  and  also  from 
the  conformability  of  these  conglomerate  beds  with  those  of  the  Lignitio 
which  they  overlie,  1  am  disposed  to  consider  them  as  of  the  same  age 
and  as  marking  the  close  of  the  Lignitic  group.  The  conformability  of 
the  strata  is  especially  remarkable  at  Evanston,  and  easily  recognized 
along  the  hills  facing  the  river,  cut  nearly  vertically  and  sloping  northeast 
by  a  dip  of  about  1 0^.  If,  as  it  has  been  supposed,  this  conglomerate  forma- 
tion was  more  recent  and  had  covered  Tertiary  strata  of  dift'erent 
groups,  this  alternance  of  conglomerate  with  sandstone  strata,  in  per- 
fect con(*ordance  to  the  soft  bituminous  clay-beds  which  they  overlie,  is 
unexplainable.  Further  evidence,  however,  will  be  afforded  on  this 
important  question.  The  amount  of  materials  brought  up  for  this  forma- 
tion is  beyond  computation.  Thev  not  onlv  form  the  essential  com- 
pounds  of  hills  over  wide  areas,  but  their  debris  covers  the  plains  for 
hundreds  of  miles  around  the  nuclei  which  now  stand  as  mere  dwindled 
monuments  of  a  wide-si)read,  as  yet  inexplicable  agency.  The  pebbles 
composing  the  conglomerate  of  Evanston  vary  in  size  from  that  of  a 
pea  to  that  of  the  head  ;  the  most  common  are  a«  large  as  the  fist. 
They  are  all  rounded,  without  exception  true  pebbles,  as  if  they  had 
been  rolled  b}'  water  for  a  lonp:  time.  As  at  the  other  places  where  they 
have  bern  remarked,  they  are  of  the  same  materials  as  those  which 
now  compose  the  mountain  lidgesof  the  vicinity,  and  are  glued  together 
by  a  kind  of  calcareous  cement,  hardened  locally  by  ferruginous  infiltra- 
tions. 

Dicotyledonous  f()ssil-])lnnts  are  found  in  quantity  in  a  bituminous 
shale  overlying  the  np[)cr  coal  of  Evanston,  and,  too,  in  the  sand- 
stones marked  on  the  hections  Xos.  2,  3,  4.  This  sandstone  is  hard  and 
compact  enough  at  sonie  places  to  afford  good  building-materials.  On 
one  of  the  blocks  used  f(U'  construction  at  the  mines  I  saw  a  well-pre- 
served leaf  of  a  ropiiJus^  larger  than  any  as  yet  found  of  this  genus,  in 
a  fossil  state.  It  measured  more  than  G  inches  in  length  without  the 
petiole.    In  the  shale  above  the  coal,  the  leaves  are  crowded,  heaped  upon 
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another,  and  tbongh  well  preserved  by  a  thin  incrustation  of  coal  upon 
their  snrfaee,  they  are  rarely  isolated,  and  their  nervation,  too,  being 
scarcely  distii^ct,  their  determination  is  difficult  and  somewhat  nncer- 
tain.  I  did  not  find  at  Evanston  any  fucoidal  remains.  The  specimens 
obtained  by  Dr.  Peale,  however,  have,  in  a  hard,  gray  sandstone,  two 
branches  of  a  facoid,  {Halimenites  majors)  labeled  from  that  locality. 

§  10.  Coalville,  Utah. 

This  place  is  known  to  me  only  from  descriptions  given  by  Dr.  Hayden, 
Mr.  Hodge,  and  other  explorers.  No  fossil  remains  of  land-plants  have 
as  yet  b^n  obtained  from  strata  in  connection  with  the  Lignitic  beds. 
Judging  from  the  relative  disposition  of  the  coal-beds,  their  thickness 
and  their  chemical  compounds,*  I  liave  been  disposed  to  consider 
them  as  equivalent  to  those  of  Evanston.  Professor  B.  F.  Meek's  ob- 
servations, however,  as  published  in  this  report,  indicate  for  the  geology 
of  Coalville  a  series  of  Lignitic  strata  with  intermediate  beds,  clay  and 
sandstone,  bearing  remains  of  evidently  Cretaceous  animal  species,  there- 
fore tending  to  refer  the  whole  series  to  Cretaceous.  Except  the  fucoid 
species,  abundantly  found  at  Coalville  by  the  same  observer,  we  have  no 
botaniciil  evidence  to  bear  upon  the  question  of  the  ago  of  these  strata.  I 
believe,  nevertheless,  that  this  case  is  of  the  same  nature  as  that  of  Black 
Butte,  where  Cretaceous  <animal  fossils  are  found  hundreds  of  feet  higher 
in  the  measures  than  thick  beds  of  lignite,  immediately  overlaid  by  shale- 
bearing  remains  of  plants  positively  of  Tertiary  age.  Facts  of  this 
kind  have  to  be  judged  from  a  general  point  of  view,  in  considering  the 
evidence  of  general  relation.  For,  indeed,  in  a  formation  like  the  Lig- 
nitic, which  may  be  called  a  formation  of  transition,  the  evidence 
given  by  vegetable  and  animal  paleontology,  or  by  land  and  marine 
remains,  can  but  disagree  sometimes. 

THE  WESTERN  LIGNITIC    FORMATION   CONSIDERED   AS  EOCENE. 

Dr:  Hayden  in  his  reports  has  constantly  alluded  to  the  Lignitic  group, 
especially  to  the  barren  sandstone  underlying  it,  as  to  beds  of  passage 
or  of  transition  between  the  Cretaceous  and  the  Tertiary,  often  men- 
tioning them  as  Eocene,  No  formation  is  exclusively  limited  in  its  char- 
acters, at  least  not  in  those  which  are  supplied  b^-  fossil  remains.  On 
this  account,  every  geological  division  might  be  considered  as  being  a 
transition,  and  this  is  esjiecially  the  case  for  the  strata  intermediate  be- 
tween a  marine  and  a  land  formation  ;  as,  for  example,  in  the  Carbon- 
iferous epoch,  to  which  our  Lignitic  has  so  many  points  of  similarity. 
Devonian  animal  fossils  ascend  to  the  Subcarboniferous,  or  even  to 
the  true  Carboniferous  measures,  which  have  also  species  of  inverte- 
brate animals  characteristic  of  the  Permian  ;  and  the  plants  which  have 
entered  Into  the  composition  of  the  coal  are  found  already,  some  of 
them  at  least,  in  the  Middle  Devonian,  the  Hamilton  period ;  while  the 
most  common  species  of  ferns,  even  of  Sigillaria  of  the  Carboniferous, 
have  left  traces  of  their  presence  high  up  in  the  Permian.  The  same 
might  be  remarked  on  every  other  artilicial  group,  which  geologists 
have  to  fix  for  convenience  and  better  understanding.  The  discussion, 
therefore,  on  the  age  of  the  formation  called  Eocene,  and  now  under  con- 
sideration, should  not  admit  as  evidence  isolated  facts  in  contradiction 
to  the  persistence  of  general  characters  observed  over  wide  areas, 
in  great  thickness  of  strata,  and  which  give  to  the  whole  a  kind  of 

•  Mr.  Hodge's  paper  in  Dr.  Ilaydcn's  Report,  l«70,  p.  3*21. 
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homogeneity  in  correlation  with  the  forces  which  have,  at  the  same 
time,  modified  the  surface  of  our  earth.  The  Upper  Cretaceous,  from 
indications  of  the  remains  of  a  deep  marine  fauna,  is  i)ositiyely  char- 
acterized as  a  deep  marine  formation.  Immediately  over  it,  the  sand- 
stone shows  in  its  remains  the  result  of  the  upheaval  of  a  wide  sur- 
face, exposed  to  shallow  marine  action,  as  indicated  by  fucoidal  life. 
The  upheaval  continuing,  this  area  is  brought  out  of  marine  influence 
to  be  exposed  to  that  of  the  atmosphere.  It  is  a  new  land,  cut  in  basins 
of  various  size,  where  fresh  water  is  by  and  by  substituted  to  brine, 
where  vegetable  life  of  another  character  appears,  where  swamps  are 
filling  with  clay  by  floating  plants,  where  peat-bogs  in  their  growth 
form  deposits  of  combustible  matter,  &c.  To  suppose  that  the  marine 
action  is  totally  banished  from  such  a  land  would  demand  the  absurd 
admission  of  an  absolutely  flat  surface.  Of  course  estuaries  penetrate 
into  it  at  many  places  j  their  waters  feeding  marine  species,  brackish 
shells;  their  bayous  inhabited  by  Saurians,  and  their  remains  are 
mixed  with  leaves  of  the  trees  growing  on  the  borders  and  preserved 
together  in  a  fossil  state,  without  impairing  the  true  character  of  the 
formation  by  what  paleontology  considers  as  types  of  different  ages. 
The  surface  of  the  Eocene  sandstone,  before  its  separation  from  marine 
influence,  was  of  course  uneven.  This  sandstone  has  therefore  the  gen- 
eral characters  of  the  Eocene,  while  in  some  troughs,  Cretaceous  species, 
still  living  in  deep  water,  may  have  left  their  remains  in  the  sand. 
Even  if  these  remains  were  numerous,  their  presence  does  not  change 
the  age  of  the  formation.  But  on  this  subject,  and  in  comparing  onr 
Eocene  sandstone  to  the  other  groups  established  by  geology,  we  find, 
in  its  abrupt  and  permanent  separation  from  the  Cretaceous,  its  litho- 
logical  compounds,  its  total  barrenness  from  animal  remains,  at  least 
generally,  and  the  nomogeneity  of  its  flora,  reliable  and  constant  char- 
acters better  defined  than  in  any  geological  division  admitted  by  science. 
This  sandstone  formation  is  inexplicable.  It  can  be  compared  to  noth- 
ing but  to  the  millstone-grit  of  the  Carboniferous  epoch.  How  to 
explain  why,  at  once,  animal  life  seems  to  disappear  from  the  bottom 
of  the  sea,  to  be  superseded  by  marine  vegetation!  May  this  change 
have  been  caused,  perhaps,  by  a  rapid  increase  of  temperature  of  the 
water  brought  up  by  the  force  acting  to  the  upraising  of  the  bottom 
into  laud,  and  afterward  into  chains  of  mountains? 

Though  it  may  be  this  change  is  evident  and  proves  the  geological 
discrimination  of  the  Eocene  sandstone  from  the  Cretaceous,  a  separation 
the  more  remarkable  that,  from  numerous  observations,  this  sandstone  is 
reported  constantly  conformable  to  the  Upper  Cretaceous  beds.  As  Dr. 
Hayden  remarks  in  his  description  of  the  Lignitic  group  of  Nebraska,* 
'*  When  we  bear  in  mind  the  fact  that  wherever  this  formation  has  been 
seen  in  contact  with  the  latest  Cretaceous  beds,  the  two  hjive  been 
found  to  be  conformable,  however  great  the  upheavals  and  distortions 
may  be,  while  at  the  junction  there  seems  to  be  a  complete  mingling  of 
sediments,  one  is  strongly  impressed  with  the  probability  that  no  im- 
portant member  of  either  system  is  wanting  between  them.'^ 

This  intimate  connection  of  two  sandstones  of  different  ages  appears 
to  be  of  frequent  occurrence  along  the  Pacific  shores,  and  to  have  caused 
some  difference  of  oi)inion,  and  some  confusion  too,  in  reference  to  the 
age  of  these  strata.  Professor  Gjib,  in  a  very  valuable  paleontological 
document,  published  in  vol.  3  of  the  Proceedings  of    the  California 


*  G(M)lo<;ioal  report  on  the  explorations  of  the  Yellowstone  and  Missouri  Rivers,  1859 
and  18(50,  i>.  30. 
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Academy,  page  305,  remarks,  on  the  lower  sandstone, "  that  it  has  often 
been  considered  as  Eocene,  but  that  it  is  proved  to  be  of  Cretaceous  age 
by  the  large  number  of  Cretaceous  species  which  it  contains,  these 
already  resembling  Tertiary  types."  He  adds,  however,  that  these  Upper 
Cretaceous  strata  are  '*  everywhere  overlaid  by  an  immense  deposit  of  non- 
fossiliferous  sandstone^  It  is  this  last  non-fossiliferous  sandstone  which 
belongs  to  the  Eocene.  It  has  in  California  the  same  characters  which 
mark  it  on  the  eastern  side  of  the  Eocky  Mountains.  Professor  Gab  has 
found  fucoidal  remains  in  it.  It  has  been  seen  all  over  California  at  the 
base  of  the  Coast  Eange^  and  I  believe  that  the  lignite-beds  from  Oregon 
southward,  even  from  Vancouver's  Island,  will  be  recognized  in  the 
Eocene,  formed  as  at  other  localities,  either  near  the  base  or  within  or 
above  the  sandstone.*  The  objections  against  the  Tertiary  age  of  the 
Lignitic  are  partly  answered  by  these  remarks.  They  have,  however,  to 
be  considered  in  detail. 

To  my  knowledge  only  two  specimens  of  Cretaceous  fossil  have  been 
as  yet  found  in  the  Eocene  sandstone  of  the  Rocky  Mountains  and  in 
strata  overlying  it,  south  of  Golden.  One  specimen  of  badly  preserved 
Inoceramus  was  seen  at  or  near  the  base  of  the  Eocene  sandstone,  by 
Dr.  F.  V.  Hayden,  and  still  another  badly  preserved  specimen  of  the 
same  genus  was  found  by  Dr.  John  Leconte  in  a  bed  of  sandstone,  over- 
lying the  Lignitic  beds  of  the  Raton.  It  is  useless  to  argue  on  the 
chances  which  may  have  brought  these  remains  at  the  places  where 
they  have  been  found.  These  cases  are  exceptional  and  unimportant. 
Large  companies  of  explorers  have  passed  the  same  localities  without 
discovering  any  other  marine  fossil  mollusk  in  these  strata,  and  I  have 
myself  carefully  searched  the  indicated  stations  with  the  same  result. 
It  is  otherwise,  however,  with  the  beds  of  oyster  and  other  shells 
Temarked  in  great  abundance  from  Rock  Springs  to  Black  Butte,  where, 
too,  the  bones  of  a  large  Dinosauriun  were  found  mixed  with  fossil-shells 
and  dicotyledonous  leaves,  and  which  have  served  as  authority  to 
many  geologists  for  their  opinion  on  the  Cretaceous  age  of  the  strata.! 
The  opinion  of  Professor  Meek  on  this  subject  is  especially  to  be  con- 
sidered, as  he  has  not  only  given  much  time  and  care  to  the  determina- 
tion of  the  fossil-shells,  and  has  himself  visited  the  localities,  but  is  so 
cautious  and  careful  in  coming  to  his  conclusions  that  they  merit  full 
confidence.  Xow,  in  a  letter  on  this  subject,  the  celebrated  professor 
remarks :  "Looking  on  these  invertebrate  remains  alone  and  aside  of  all 
other  facts,  I  could  scarcely  doubt  from  their  affinities  that  they  are 
Eocene — Lower  Eocene.  You  see  there  are  none  of  the  characteristic 
Cretaceous  genera  of  moUusks  among  them — no  InoceramuSjUo  Ammon- 
iteSj  no  Scaphite^y  no  BaculiteSy  not  a  trace  of  any  of  the  long  list  of 
Cretaceous  or  older  genera,  which  might  be  mentioned,  while  a  majority 
of  the  forms  are  most  nearly  allied  to  the  Eocene  types,  specifically,'^ 
Against  this  evidence  Professor  Meek  remarks  on  the  relation  of  shells 
of  the  same  kind  found  at  Coalville  and  at  Bear  River,  below  evident 
Cretaceous  species. 

*  In  a  late  paper,  Professor  Dawson,  of  Montreal,  considers  the  fossil  plants  of  Van- 
ooaver's  Island  as  Tertiarv.  I  already  came  to  the  same  conclasion  after  the  examina- 
tion of  the  fossilplants  of  Dr.  T.  Evans,  as  published  in  American  Journal  of  Science 
and  Arta,  toL  XxVII,  Ma^,  1859,  page  3G2.  This  opinion  was  controverted  afterward 
by  Dr.  Newbenr,  who  referred  the  Lignitic  formation  of  Vancouver  to  the  Cretaceous, 
on  aeconni  of  the  presence  of  Cretaceous  fossil  animal  remains  in  strata  above  the 
eoaL  Mv  remarks  on  Blockbutte,  Coalville,  &c.,  are  apparently  applicable  to  Van- 
coaver  also. 

tAmerican  Joomal  of  Science  and  Arts,  December,  1872,  p.  489. 
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To  my  opinion,  this  fact  is  of  great  weight  in  discussing  the  question 
of  the  age  of  these  formations.  For  the  presence  of  deep  marine  species 
in  strata  overlying  remains  of  more  recent  ones  indicates  a  local  sub- 
sidence which  should  be  considered  as  an  exceptional  case,  unimportant 
indeed  in  comparison  to  the  persistence  of  general  characters.  Beds  of 
lignite  of  Eocene  age  may  have  been  formed  at  a  higher  level  or  before 
this  supposed  local  subsidence.  And,  of  course,  as  resulting  from  it  and 
from  a  subsequent  upheaval,  fucoidal  remains  mixed  with  Cretaceous 
shells ;  and  Ci*etaceous  saurian  bones,  too,  with  brackish  moUusks  and 
dicotyledonous  leaves  of  the  Eocene,  would  be  in  a  position,  if  not  ex- 
actly normal,  at  least  easily  explainable. 

Professor  F.  B.  Meek's  letter  furnishes  another  point  of  evidence  on 
the  same  question,  in  his  remarks  on  a  i)eculiar  species  of  plant  which 
he  describes,  and  of  which  he  sent  me  numerous  si)ecimens.  It  is  that 
fucoidal  plant,  llallmenites,  which  has  been  mentioned  already  as  one  of 
the  essential  characteristic  8i>ecies  of  the  Eocene.  He  writes  that  he 
found  it  at  Coalville,  at  least  1,000  feet  below  well-marked  Cretaceous 
beds ;  that  it  ranges  also  through  most  of  the  Cretaceous  beds  of  Bear 
Eiver,  and  through  the  whole  of  the  Bitter  Creek  series,  nearly  up  to  the 
Black  Butte  bone-level ;  that  he  saw  it  too  at  Carbon  and  in  the  Creta- 
ceous beds  of  Fort  Steele.  The  range  of  this  species  is  indeed  from  the 
base  of  the  Lignitic  to  its  upper  strata,  those  of  Carbon  and  of  Evans- 
ton,  and,  therefore,  we  have  at  Bear  Creek  and  Coalville  shallow  marine 
plants  and  lignite-beds  under  Cretaceous  remains.  These  last  character- 
istic documents,  or  the  remains  of  Cretaceous  age,  are  local,  merely  in 
isolated  patches ;  the  others  are  recognized  over  the  whole  extent  and 
the  whole  thickness  of  the  Lignitic  formations.  The  question  is,  there- 
fore, reduced  to  this :  Shall  we  admit  as  Cretaceous  sdl  these  land  forma- 
tions bearing  from  top  to  bottom  evident  Eocene  characters,  on  account 
of  some  isolated  Cretaceous  deposits  locally  spread  over  them ;  or  shall 
we  consider  the  whole  as  presenting  general  characters  positive  enough 
to  force  its  separation  into  a  new  group  and  call  it  Eocene  f  In  this  case 
we  should  have  to  consider  the  abnormal  disposition  of  Cretaceous  re- 
mains as  resulting  from  local  disturbances  which  are  observable  every- 
where in  this  central  basin,  both  by  repeated  undulations,  pierced  here 
and  there  by  eruptive  rocks,  bearing  irrevocable  marks  of  the  diversified 
action  of  the  forces  which  have  modified  its  surface. 

As  I  have  not  visited  the  localities.  Bear  River  and  Coal  Creek,  where 
the  abnormal  distribution  of  the  strata  has  been  remarked,  the  above 
arguments  may  be  considered  objectionable.  But  how  can  we  dispose 
of  an  evidence,  forced  by  comparison  between  our  Eocene  strata  and 
those  of  the  Carboniferous  epoch,  where,  as  remarked  before,  we  recognize 
facts  similar  to  those  now  under  discussion  t  We  do  not  and  cannot  call 
the  coal  measures  either  Devonian  or  Permian,  on  account  of  some  fossils 
mixed  in  their  strata,  and  identical  to  si)ecies  of  these  difierent  formations. 
Would  it  be  rational  to  admit  that  the  Eocene  shells  and  Eocene  plants 
under  the  strata  bearing  Cretaceous  fossil -remains  may  be  so-called 
Eocene  colonies,  decended  into  the  Cretaceous,  that  the  lignite-beds 
underlying  them  represent  an  escaped  member  of  the  Eocene,  bearing, 
as  it  does,  in  its  flora,  its  compounds,  &c.,  Eocene  characters ;  and  that 
these  Eocene  members  have  become  of  Cretaceous  age  by  the  only  reason 
that  some  Cretaceous  fossils  are  seen  over  them  ?  As  legitimate  would 
it  be,  I  think,  to  admit  our  present  epoch  as  Cretaceous  from  the  animals 
of  Cretaceous  types  brought  up  by  deep  soundings  from  the  bottom  of 
our  seas.  But  this  subject  has  to  be  considered  under  another  point  of 
view. 
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That  the  great  Liguitie  formation  of  the  West  belongs  to  a  laud  for- 
mation cannot  be  denied,  and  is  denied  by  none.  It  is,  therefore,  to 
the  materials  preserved  from  the  laud  that  vre  have  especially  to  look, 
as  most  reliable  records  for  the  history  of  this  geological  division. 

GENERAL  CHARACTERS  OF    THE  FLORA  OF  THE  AMERICAN    EOCENE. 

Before  entering  into  this  subject,  a  few  words  must  be  said  in  defense 
of  the  above  assertion,  which  assumes,  for  vegetable  paleontology,  an 
importance  too  generally  contested,  at  least  on  this  side  of  the  Atlantic. 

The  first  specimens  of  fossil-plauts  from  the  Cretaceous  of  the  West 
were  discovered  by  Dr.  F.  V.  Hay  den  in  1855.  They  represented  dicot- 
yledonous leaves,  mostly  different  from  the  species  as  yet  published 
or  known  from  the  Cretaceous  of  Europe.  In  order  to  fix,  if  possible^ 
their  relation  of  age,  sketches  of  a  few  of  these  leaves  were  sent  to 
Professor  O.  Heer,  the  most  reliable  authority  for  the  determination  of 
the  vegetable  remains  of  the  recent  formations.  The  celebrated  pro- 
fessor referred  these  Cretaceous  plants  to  the  Miocene.  This  error  has 
been  unjustly  considered  and  remarked  upon  as  invalidating  the  evidence 
of  botanical  paleontology  in  relation  to  the  distribution  of  geological 
£^aps. 

The  cause  of  the  error  was  essentially  in  the  insufficiency  of  the  ma- 
terials furnished  for  examination.  The  mere  outlines  of  leaves  rarely 
give  reliable  characters  for  the  determination  of  fossil-plants.  The 
nervation  has  especially  to  be  considered,  and  this  essential  character 
is  not  marked  upon  mere  sketches  of  leaves,  or  can  be  correctly  copied 
only  by  botanists  of  experience.  A  proof  that  Professor  Heer  did  not  get 
sufficient  materials  to  enlighten  his  examination  is,  that  Professor  Kew- 
berry,  who  had  opportunity  to  see  the  specimens,  recognized  at  once, 
£rom  the  study  of  their  nervation,  the  character  of  Credneria^  or  of  a 
Cretaceous  type,  in  a  leaf  considered  by  Heer  as  a  Papulus,  In  both 
genera  the  leaves  have  the  same  form,  but  the  difference  of  nervation  is 
recognized  at  first  sight.  Could  the  celebrated  professor  of  Switzerland 
have  made  the  mistake  if  the  specimens  had  been  submitted  to  him  f 
But  even  if  the  materials  obtained  for  comparison  had  been  sufficient,  it 
is  questionable  if  a  European  paleontologist  should  not  have  b^n 
misled'  in  considering  the  general  characters  of  our  Cretaceous  flora. 
and  therefore  forced  to  admit  the  same  conclusions.  For  nothing  at  all 
was  then  known  of  our  Eocene  flora,  and  the  essential  types  of  the 
Miocene  of  Switzerland,  like  those  of  our  Cretaceous  flora,  have  a  greater 
analogy  to  those  of  our  present  arborescent  vegetation,  than  to  those  of 
our  Eocene.  This,  of  course,  could  but  lead  to  the  conclusion  that  both 
are  representative  of  a  same  formation.  This  cause  of  error  does  not  exist 
now.  We  have  got  materials  abundant  enough  to  aflbrd  reliable  points 
of  comparison.  More  than  two  thousand  specimens  have  been  examined 
from  one  Eocene  strata,  and  a  comparative  large  number,  too,  from  the 
Cretaceous.  The  data  exposed  by  the  determination  of  the  species  are 
certainly  as  reliable  as  those  which  may  be  offered  by  animal  paleontol- 
ogy. A  few  of  the^se  data  have  to  be  recorded  here,  though  already 
I>artly  considered  in  a  former  report. 

I^ot  a  single  leaf  has  as  yet  been  found  in  our  Eocene  identical  with 
a  Cretaceous  species.  The  genera  especially  represented  in  the  Creta- 
ceous are :  SaisafnUj  Credneria^  Platanus^  Salix^  Liquidamher^  Quercus^ 
PapuUteSj  Idriodendrony  Proteoides^  BomheUmm^  Acer,  and  Juglans,  We 
can  diHK>se  at  once  of  the  genus  Proteoiaes  on  account  of  its  as  yet 
unknown  affinity.    It  has  been  referred,  as  its  name  indicates  it,  to 
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Australian  types,  bat  from  aualogy  I  donbt  if  ^e  may  ascertain  the 
presence  of  any  of  these  types  even  in  our  oldest  floras.  Now,  we  have 
in  our  Cretaceous,  as  more  easily  recognized  by  their  likeness  to  living 
species,  leaves  of  Sassafras  and  of  Liriodendron^  the  tulip-tree.  If  I 
should  judge  by  the  profusion  of  leaves  of  Sassafras  which  I  have  seen 
in  the  shale  of  the  Dakota  group,  in  the  valley  of  the  Saline  River,  and 
around  Fort  Harker,  in  E^ansas,  I  would  assert  that  more  than  two-thirds 
of  the  vegetation  of  this  epoch  did  consist  of  species  of  this  genus. 
But  then,  as  now,  however,  related  species  appear  to  have  lived  in 
groups,  perhaps  over  limited  areas ;  for  at  other  localities  Dr.  Hayden 
found  especially  leaves  of  Liriodendron^  Juglans,  and  of  Platanusj  genera 
scarcely"  represented  at  Salina  and  Fort  Harker.  The  groups  may  still 
difier  elsewhere.  The  present  remarks,  however,  must  be  limited  to 
what  is  known,  and  Sassafras  and  Liriodendron  have  to  be  considered 
yet  as  the  genera  the  most  profusely  represented  in  the  flora  of  the  Dakota 
group,  even  more,  perhaps,  than  they  are  in  that  of  the  present  time.  The 
American  Eocene  has  not  j-et  shown  any  remains  positively  referable  to 
these  genera.  I  have  described  from  specimens  marked  "  six  miles  above 
Spring  Cailon^  the  lower  part  of  two  leaves  as,  perhaps,  referable  each 
to  one  species  of  Sassafras  and  of  Liriodendron ;  but  such  fragments 
cannot  be  taken  into  consideration  for  positive  evidence  in  a  compari- 
son like  this.  They  may  represent  leaves  of  difterent  affinity.  In  the 
Miocene  of  Europe,  per  contra,  tiie  above  genera  are  represented  by  a 
number  of  species.  One  of  each,  Liriodendron  and  Sassafras^  are  de- 
scribed from  the  Miocene  flora  of  Greenland,  and  more  from  that  of 
Germany  and  Italy. — The  genus  Credneria,  or  P^ero»permite«,  apx)ears  to 
represent  forms  of  leaves  of  a  lost  type.  We  have  ^o  representatives 
of  it  at  our  time,  nor  have  any  been  seen  in  the  Eocene.  It  has 
left  its  remains,  however,  in  the  Miocene  of  Greenland  in  four  dif- 
ferent species.  Seeds,  too,  of  undecided  aflinity  are  referred  to  Pt^n'osper- 
mites  from  the  Miocene  of  Oeningen.  The  Eocene  species  of  FlatanuSj 
at  least  the  three  splendid  species  described  by  Dr.  Newberry — Flutanus 
Haydeniij  P.  Itaynoldsii,,  P.  nobilis — have  no  relation  either  to  Miocene 
or  Cretaceous  types,  which  are  mostly  analogous  to  Platunus  aceroides. 
This  last  species,  however,  like  its  relative,  P.  Guilklmo'j  areas  common  in 
the  upper  American  Eocene  as  the  former  dues  are  in  the  lower. — Of 
the  species  of  SaUx  I  have  remarked  already  that  they  are  more  numer- 
ous in  the  Cretaceous  than  in  the  Eocene  of  ours.  They  re-appear  more 
abundant  in  the  Upper  Tertiary  groups  of  Green  Eiver. — Liquidamharj 
the  sweet-gum,  has  one  of  its  species  in  the  Cretaceous.  It  has  been 
described  from  one  leaf  only,  but  I  have  found  recently  a  number  of 
specimens  of  the  same  near  Fort  Ilarker.  Our  Eocene  has  nothing  like 
it,  while  remains  of  one  species,  Liquidamhar  europeunij  are  found  over 
the  whole  Miocene  of  the  old  continent,  together  with  a  large  number 
of  forms  as  yet  doubtfully  referable  to  this  genus.  Our  Cretaceous  leaf 
is,  perhaps,  of  this  kind,  on  account  of  the  entire  divisions  of  its  leaves  ; 
but  this  does  not  change  its  aflinity  to  Miocene  forms  of  Europe.  Mas- 
salongo,  in  his  Flora-del-Senigalliese,  has  described  and  figured  a  iiguw?- 
ambar  scarahelUanum^  with  the  divisions  of  the  leaves  entire,  a  form  much 
like  that  of  our  Cretaceous  species,  only  smaller;  and  Unger,  in  Flora 
of  Sotska,  has  named  Platanns  sirii,  a  leaf  still  more  similar  to  ours. 
These  leaves  are  considered  by  other  authors  as  referable  to  the  genus 
Acer.  This  does  not  make  any  difference.  They  represent  a  type  of 
our  Cretaceous  and  of  the  Miocene  of  Europe ;  as  yet  not  seen  in  our 
Eocene. — It  is  the  same  with  Acer  (maple)  and  Queretis,  (oak.)  They  are 
marked  in  our  Cretaceous,  the  first  by  Acer  o&<u«i7o6uw,  with  characters 
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of  leaves  seen  agaia  in  the  Earopean  Miocene,  and  at  our  present  time 
on  both  continents ;  the  second  by  a  species  related  to  some  varieties 
of  our  chestnut-oak,  and  by. two  others  comparable  by  the  form  of  their 
entire  leaves  to  our  shingle-oak,  ( Quercus  imbricariuj  Michx.)  Both  these 
types  are  most  common  in  the  Miocene  of  Europe ;  but,  like  that  of  the 
Cretaceous  maple,  they  have  not  as  yet  been  observed  in  our  Lignitic 
Eocene. — ^The  leaves  which  I  have  considered  as  of  a  Juglans,  and  which 
Heer  refers  to  Populusj  P.  Debeyana^  are  of  uncertain  affinity.  Their 
analogy  has  not  yet  been  recognized  out  of  the  Cretaceous. 

I  could  pursue  to  some  length  the  examination  of  analogies  of  this 
kind,  which  may  be  considered  as  negative  characters  of  the  American 
Eocene.  Besides  establishing  the  remarkable  relation  of  the  American 
Cretaceons  flora  with  the  Miocene  flora  of  Europe  and  the  present  flora 
of  this  continent,  they  serve  to  prove  the  disconnection  of  our  Eocene 
flora  from  that  of  our  Cretaceous,  indicating  therefore  truly  separate 
formations. 

The  positive  characters  of  the  same  Lignitic  flora  more  forcibly  still 
elicit  the  same  conclusion.  From  the  beginning,  in  the  examination  of 
the  sandstone  of  the  Eaton,  I  have  recorded  the  great  amount  of  fucoidal 
remains  in  this  sandstone,  as  an  essential  character  of  its  Eocene  age. 
The  irregularity  of  distribution  of  marine  vegetable  remains  in  the 
geological  groups  has  been  remarked  by  every  paleontologist.  The 
oldest  formation,  the  Silurian  and  the  Devonian,  have  an  abundance  of 
them.  The  Carboniferous,  except  at  its  base,  as  also  the  Trias  and  the 
Permian,  have  scarcely  any.  In  the  Jurassic  they  begin  to  re-appear,  and 
their  number  increases  upward  to  their  maximum  degree  of  distribution  in 
the  Eocene.  Thus,  while  ten  species  only  are  known  from  the  Cretaceous, 
thirty-five  species  have  been  already  described  from  the  Eocene  of 
Europe.  In  our  Cretaceous  measures  a  single  si)ecies  has  as  yet  been 
found,  and  this  from  the  Fort  Benton  Group,  near  Fort  Barker.  It 
seems  identical  with  Fucoides  digitatus^  Brgt.,  but  it  is  as  yet  uncertain 
to  what  section  of  marine  vegetables  this  form  is  referable.  I  found  it 
upon  pieces  of  limestone  covered  with  the  species  of  large  mollusks  char- 
acteristic of  this  group.  Referred  by  Bronguiart  to  the  DictyotiteSj  by 
Geinitz  to  the  ZonariteSj  by  Schimper  to  the  Jeanpaulia  of  the  Marsi- 
leacecBy  by  Schenck  to  the'  Ferns,  it  is  as  yet  impossible  to  mark  its  true 
affinity.  It  appears  already  in  the  Dias,  as  seen  from  Geinitz's  descrip- 
tion. Any  how,  it  is  of  a  character  far  different  from  any  of  those  re- 
marked in  our  Eocene  f  ucoids.  From  its  association  with  the  mollusks 
of  deep  seas,  it  is  clearly  a  deep  marine  species. 

It  is  as  yet  too  soon  to  enumerate,  even  approximately,  the  species  of 
fucoids  of  the  American  Eocene.  A  few  are  described  in  this  report. 
But  by  far  the  largest  number  is  unknown,  and  will  remain  undescribed 
for  a  length  of  time,  on  account  of  the  size  and  the  inextricable  embedding 
of  the  largest  si)ecies  with  the  sandstone.  They  have  to  be  studied  in 
place,  represented  in  drawings,  and  their  description  can  be  made  only 
from  these  representations. 

The  Eocene  of  Europe  is,  in  Switzerland  and  Germany,  a  formation  of 
an  immense  thickness  of  soft  black  shale  generally  hardened  by  meta- 
morphism  and  sometimes  transformed  into  valuable  slates.  It  is  the 
Flysch.*  In  this  soft-grained  material  the  small  thread-like  forms  of 
marine  weeds,  or  the  ConferviteSj  are  mostly  found.  Our  sandstone  is 
too  coarse  for  the  preservation  of  such  filaments ;  its  marine  flora,  how- 

*IHile  Owen,  who  Btndied  it  in  Switzerland,  compares  it  to  the  Mauvaises  ferres, 
Beport  0,  page  203. 


346       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

ever,  has,  by  its  remains,  an  analojxy  in  that  of  the  sandstone  of  the 
Eocene  of  Mount  Bolca,  where,  as  with  us,  the  genera  represented  by 
thick  coriaceous  species,  CaulerpiieSjDelesserites^  IlalimeniteSj  MunsteriOj 
and  Chondrites^  are  predominant.  Perhaps  it  will  be  observed  that  we 
cannot  attach  gi-eat  importance  to  the  distribution  of  vegetable  remains 
whoso  forms  multiply  in  i)roportion  to  their  divisions  and  are  generally 
indistinct,  and  whose  law  of  distribution  is  so  little  fixed  that  species 
from  distant  formations  are  considered  by  some  authors  as  identical; 
as,  for  example,  Fttcoidcs  Tarffioni  audFiicoideaantiquusj  quoted  from  the 
Cretaceous  as  well  as  from  the  Silurian  and  from  the  Devonian.  It 
would  be  easy  to  prove  that  as  fast  as  these  deep  marine  plants  become 
better  studied,  their  characters  are  recognized  and  their  specifications 
fixed,  but  this  is  out  of  the  way  of  these  reseaixjlies.  Some  si>ecies  of 
fucoids  of  our  Eocene  are  perfectly  distinct ;  their  characters  are  as 
clearly  marked  as  they  could  be  for  any  dicotyledonous  fossil-plants. 
These,  therefore,  may  be  compared  to  the  Mount  Bolca  species,  and, 
what  is  more  to  the  point,  their  remains,  fi-om  different  localities  of  onr 
Lignitic,  afford,  by  identity  or  difference  of  characters,  reliable  indication 
of  the  relation  of  the  strata.  1  have  named  already  a  largo  species  of 
UaUmenltes  whose  stem  and  branches  are  covered  with  half-round  tuber- 
cules,  and  which  is  recognized  at  first  sight.  It  is  represented  iu  the 
Eocene  fiora  of  Europe  by  HaUmenites  rectus  and  Ilalimenites  minory 
both  intimately  related  to  the  American  species.  And  remains  of  tiiis 
fucoid  have  been  observed  and  specimens  collected  in  our  Lignitic  forma- 
tions from  the  base  of  the  great  sandstone  to  its  top,  even  iu  sandstone- 
strata  overlying  the  Lignitic  beds  everywhere  over  the  whole  area 
covered  by  this  formation.  Proft^sor  Meek  has  found  fine  specimens  of 
it  at  Bear  Creek,  near  Fort  Steele  and  Coalville.  1  can  really  say  that 
I  have  not  explored  any  station  of  the  Lignitic  without  recognizing  this 
species,  especially  abundant  at  Black  But  tes,  where,  as  remarked  already, 
splendid  specimens  of  it  are  embedded  in  tlie  sandstone  underlying  the 
main  coal. 

The  genus  Delcsscria^  in  the  order  of  the  FlorideWj  forms  now  by  its 
numerous  and  beautiful  species  a  predominent  character  of  the  marine 
flora  of  our  temperate  zone.  Its  distribution  extends  between  30^ 
and  00"^  of  latitude,  north  and  south  of  the  equator,  remarkably  coin- 
ciding with  that  of  the  Lignitic  formation  on  this  continent.  The  first 
representatives  of  this  genus  are  positively  recognized,  in  Europe  at 
least,  with  the  Eocene  formation.  Of  the  eight  fossil  species  known 
till  now  and  described  by  Schimper  in  his  Vegetable  Paleontolofiy^  the 
seven  tirst  ones,  whoso  relation  to  this  genus  is  uncontested,  belong  to 
the  Eocene.  The  only  species  mentioned  from  the  Cretaceous,  Delesseria 
Eeichilj  Schimper,  is  like  that  Fucoides  digitattiSj  Brgt,  of  doubtM 
affinity,  being  named  at  first,  by  Sternberg,  llaliscritesy  and  then  con- 
sidered by  liossmiissler,  Brown,  &c.,  as  a  fern.  From  our  Eocene  sand- 
stone eight  species  of  marine  X)lants  only  are  described;  of  these  three 
are  true  J.khsscria — two  from  the  Baton  Mountains,  the  other  from 
Golden. 

Coming  to  the  examination  of  land  vegetation,  we  are  met  at  once  by 
the  apj)earance  iu  onr  Eocene  measures  of  a  class  of  plants,  giving 
evidence  of  the  age  of  these  measures,  fully  as  conclusive  as  that  of  the 
fucoids.  It  is  that  of  the  i^alms,  of  the  section  of  the  Sabal.  Scarcely 
any  trace  of  these  vegetables  has  been  remarked  in  the  Upper  Gretft- ' 
ceous  of  Europe.  There  they  become  somewhat  conspicuous  iu  the 
Eocene,  but  their  largest  development  is  with  the  IVIiocene.  With  ufl 
they  appear  immediately  above  the  great  Eocene  sandstone,  or  in  con- 
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nedjon  with  every  bed  of  lignite  formed  within  this  sandstone,  and 
show  by  the  profusion  of  their  i^mains  the  remarkable  place  which  they 
have  in  the  distribntion  of  the  flora  of  the  Eocene  epoch.  Their  fossil 
remains  are  most  abundant  in  the  Lignitic  of  Fort  Union,  where  the 
largest  leaves  of  Sabal  have  as  yet  been  observed.  At  the  Baton  a 
go^  half  of  the  specimens  represent  fragments  of  leaves,  of  petioles, 
of  fraits  of  this  species.  At  Golden  they  are  found  in  the  same  pro- 
I>ortion,  and  at  Black  Butte  splendid  specimens  of  palms  are  mixed 
with  dicotyledonous  leaves  in  the  sbale  overlying  the  main  coal^  while 
the  bed  with  Saurian  bones  and  shells,  about  150  feet  higher  in  the 
measures,  has  Sabal  leaves,  too,  le^s  abundant,  however,  than  the 
shale  of  the  main  coal.  At  E  vanston,  in  the  under  sandstone,  a  quantity 
of  fruits  referable  to  palm  has  been  found,  and  remains  of  the  same 
kind  are  a  marked  feature  of  the  scanty  flora  as  yet  known  from  the 
Arkansas  and  Colorado  Lignitic  formation.  It  might  be  argued  that  if 
some  remains  of  palms  have  been  found  in  connection  with  strata 
recognized  as  Cretaceous,  these  plants  might  as  well  be  admitted  as 
characteristic  of  Cretaceous  age  in  our  Lignitic.  I  do  not  know  of  a 
single  case  positively  ascertained  of  palm  remains  la  the  Cretaceous. 
But  even  if  we  had  any,  their  abundant  distribution  in  the  vegetation  of  our 
Eocene  is  sufQ.cieut  proof  that  this  class  of  plants  had  already  acquired 
at  that  epoch  a  remarkable  development.  Its  origin  may  be  discovered 
later  by  scarce  remains  in  the  Cretaceous ;  its  preponderance  in  the 
vegetation  of  the  Lignitic  attests  a  more  recent  formation.* 

The  Tertiaiy  groups  of  Europe  are  not  as  yet  clearly  limited.  Many 
of  the  Lignitic  strata  which  have  furnished  remains  of  fossil-plants  to 
European  paleontology  were  at  first  referred  to  the  Eocene.  Unger, 
for  example,  places  in  this  formation  the  fossil-plants  of  Eadoboj,  in, 
Croatia,  of  Haering,  in  Tyrol,  of  Parshlung,  of  Sotzka,  now  referred  to 
the  Lower  Miocene.  Thus,  too,  the  Bovey  coal  of  England,  which  was 
considered  contemporaneous  to  the  Eocene  of  Wight,  is  now  admitted 
as  Miocene.  The  Tertiary  dei)osits  have  been  formed  in  basins  of 
limited  areas,  and  therefore  the  characters  of  their  flora  are  not  identical, 
even  for  contemporaneous  deposits,  on  account  of  the  diversity  of  the 
vegetation  at  various  places  and  under  various  circumstances.  This 
explains  a  difficulty  of  identification  of  strata  which  may  be  met  per- 
haps in  trying  to  circumscribe  the  upper  limits  of  our  Eocene.  As  yet, 
in  this  formation,  homogeneity  of  the  essential  characters  is  recognized 
everywhere  in  its  flora,  and  when  it  is  compared  with  that  of  some 
locality  positively  ascertained  as  Eocene  in  Europe,  it  indicates,  too, 
points  of  identity  remarkable  enough.  Such  is  the  flora  of  Mount 
Promina,  where  a  fern  found  at  Golden  in  splendid  specimens  is 
described  by  Professor  Ettinghausen  as  Splienopteris  eocenica.  In  the 
same  paper  a  species  of  Myrica^  whose  leaves  appear  to  have  been 
found  in  profusion  at  the  same  locality,  is  described  and  figured,  indi- 

*  Vegetable  naleoDtologv  bas  Dot  any  more  recent  and  more  positive  records  on  tbis 
subject  tban  tbose  fornishcd  by  Scbimper,  (Vecet.  Pal.,  vol.  ii,  1871.)  Tbis  work  de- 
Bcribea  twenty-foar  species  of  palms  (fossil)  in  tbe  tbree  genera  Cham<ierop€,  Sdbalj  and 
Fldbellaria,  twelve  oi  wbicb  are  from  the  Miocene,  ton  from  tbe  Eocene,  and  two,  Flo- 
ItUaria  longirackU,  Uno.,  and  F.  chameerapifolia,  G6pp,  from  strata  considered  as  Creta- 
oeooa.  Of  theee  two  species,  Scbimper  says  tbat  tbe  first,  from  tbe  lengtb  of  its  racbis, 
is  evidently  a  type  of  a  peculiar  ^enns,  and  tbat  tbe  otber,  wbose  racbis  is  unknown, 
cannot,  on  that  account,  be  positively  referred  to  any  type.  Tbe  autbor  still  describes 
iwwity-two  species  of  palms  in  other  genera,  all  from  tbe  Tertiary,  mostly  Eocene, 
and  twenty-thzee  known  from  stems  only,  and  tbese,  too,  all  Tertiary.  Admitting  all 
tbe  refoenccs  as  exact,  tbis  makes  sixty-seven  species  of  palms  described  from  tbe 
Tertiary,  and  two  from  tbe  Cretaceous. 
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eating  such  affinity  with  leaves  also  very  abundant  at  Black  Bntte,  that 
it  is  as  yet  uncertain  if  the  American  form  does  not  represent  a  mere 
variety  of  the  same,  differing  only  by  the  larger  size  of  the  leaves.  We 
have  at  Golden  Quercus  angustiloha^  Al.  Br.,  described  by  Heer  from 
the  Bomstaedt  Eocene,  and  in  the  flora  of  iJ^e  same  locality,  as  in  that 
of  Golden,  a  remarkable  predominance  of  species  of  Ficus  and  of  Cintuh 
momum^  primitive  types  of  the  Tertiary  of  Europe.  Some  of  these 
pass,  with  the  Sabal  species,  into  the  Miocene;  for,  of  course,  the  Tertiary 
formations,  as  land  formations,  removed  from  the  influence  of  prolonged 
submersion  in  deep  marine  water,  have,  like  the  Carboniferous,  a  per- 
manence of  the  types  of  their  flora,  marked  by  a  number  of  species 
identical  in  the  groups  even  of  the  more  remote  stations.  This  answers 
the  observations  made  on  the  vegetable  species  already  published  in  Dr. 
Uayden's  reports,  and  which  European  authors  are  disposed  to  consider 
as  Miocene,  from  the  number  of  leaves  of  our  Eocene  flora,  not  only 
homologous,  but  identical,  with  Miocene  species  of  Europe. 

This  comparison  might  be  pursued  farther  and  with  more  details. 
These  remarks,  however,  cannot  be  indefinitely  prolonged.  Those  who 
may  desire  to  compare  more  precise  points  of  correlation  or  of  differences 
between  the  flora  either  of  our  Eocene  and  that  of  the  Tertiary  of 
Europe,  or  of  the  different  strata  of  the  Lignitic  at  various  localities, 
will  find  sufficient  materials  for  this  task  in  the  table  of  distribution 
which  closes  the  descriptive  part  of  the  fossil  flora  of  this  report. 

THE  A3IERICA>^  EOCENE  IDENTICAL  WITH  THAT  OF  EUROPE  BY  GENERAL 

CUARACTEBS. 

I  do  not  believe  that  the  divisions  of  our  geological  groups  have  to  be 
controlled  by  European  classifications.  It  is  advisable,  however, 
especially  on  account  of  the  diversity  of  the  conclusions  indicated  by 
botanical  and  animal  paleontology,  to  mention  still  a  few  points  of 
analogy  remarked  in  the  distribution  and  composition  of  the  Eocene  of 
both  continents. 

The  Flysh  or  Eocene  of  Switzerland  is  mostly  a  compound  of  shales, 
hero  and  there  interlaid  by  sandstone  strata  of  great  thickness  and 
even  passing  locally  to  massive  sandstone,  where  the  slate-beds  disap- 
I)ear.  This  formation  extends  all  along  the  northern  base  of  the  Alpine 
chain  in  different  degree  of  thickness,  in  proportion  to  the  amount  of 
denudation  to  which  it  has  been  exposed.  It  enters  the  valleys,  especially 
borders  them,  in  constant  and  immediate  superposition  to  the  Creta- 
ceous. On  the  northern  base  of  the  same  chain,  it  is  present,  too,  in 
basins  of  limited  extent,  where  the  Upper  Cretaceous  strata  have  been 
left  for  its  support.  The  various  strata  of  this  Eoc<?ne  formation  are, 
according  to  their  vicinity  to  i)rimitive  rocks,  changed  by  heat  to  a  cer- 
tain degiee.  And  the  top  of  these  measures  is  overlaid  by  a  conglomeratk 
compound  of  materials  derived  from  roel's  of  all  the  older  formationSy  all 
rolled  pebbles^  and  in  pieces  varying  in  size  from  that  of  a  tcalnui  to  that  of 
the  fist.*  In  this  formation,  too,  valuable  beds  of  lignite  are  found  5  and 
these,  though  not  as  richly  develoi)ed  as  in  the  Eocene  of  this  conti- 
nent, have  sometimes  a  thickness  of  6  feet,  and  have  furnished  com- 
bustible materials  for  a  long  time.  The  lignite  of  Niederhorn,  5,700  feet 
above  the  sea,  has  been  worked  since  the  former  century,  and  is  now 
used  at  Bern  for  the  production  of  illuminating  gas.  The  Eocene  group 

*  HeiT  Unvelt  der  Scbweitz,  p.  241. 
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of  the  Paris  basin  has  also  some  rich  beds  of  lignite.  Does  not  this  read 
like  a  true  epitome  of  the  descriptions  given  of  onrEocenef 

This  brings  forward  again  what  I  consider  the  last  unanswered  ques- 
tion in  relation  to  the  distribution  of  the  American  Eocene.  Its  base  is 
everywhere  ascertained  as  immediately  resting  upon  the  Upper  Greta- 
ceoos ;  the  lower  sandstone  is  recognized  as  either  a  massive  homoge- 
neons  compound  or  as  interlaid  at  different  places  by  beds  of  lignite 
or  of  shale.  The  fossil  flora,  with  some  difference,  has  the  same  charac- 
ters in  the  strata  connected  with  these  lignite-beds,  at  all  the  stations. 
The  group  is  therefore  satisfactorily  limited  so  far,  but  where  does  it 
pass  to  a  higher  division  of  the  Tertiary  or  to  the  Miocene  t  I  have 
tk^eady  remarked  that  I  consider  the  conglomerate  formation  seen  at 
Evanston  and  other  localities  as  the  upper  beds  of  the  Eocene.  But  I 
have  not  myself  found  any  positive  proof  of  this  assertion,  and  as  these 
conglomerates  have  been  referred  to  different  groups  according  to  the 
strata  which  they  appear  to  cover,  the  assertion  is  contestable.  The 
observations,  however,  of  Dr.  Hayden,  who,  after  years  of  careful  field 
explorations,  has  become  the  true  interpreter  of  the  geology  of  the 
Becky  Mountains,  will  supply  this  last  evidence.  In  beginning  his 
description  of  the  Green  Eiver  Group,  and  in  marking  its  superposi- 
tion to  the  Eocene  sandstone,  he  says  :* 

This  iutcresting  valley  (Henry's  Fork)  is  filled  with  beds  which  show  a  perfect  con- 
formity. The  first  bed  is  a  yellow-brown,  rather  fine-grained  sandstone,  dipping  75° 
a  little  west  of  north.  Then  comes  a  series  of  yellow  and  light-gray  arenaceous  or 
marly  clays,  with  beds  of  yellow-brown  and  light-gray  sandstones  projecting  somewhat 
above  the  surface.  Alternating  with  these  lavers  of  sandstone  are  quite  thick  beds  of 
padding-stone  and  conglomerate  composed  of  round  pebbles  of  all  the  older  forma- 
tions. These  conglomerate  beds  are  intercalated  among  the  sandstone  through  300  or 
400  feet  in  thickness,  and  are  probably  of  Upper  Eocene  age.  Above  them  are  at  least 
500  feet  of  sandstone  which  have  a  diminislied  dip  2(P  to  30^,  and  then  pass  up  into 
the  calcareous  layers  of  the  Middle  Tertiary  of  Green  River  group. 

The  relative  position  of  the  cooglomerate  as  underlying  the  Green 
River  Group  is  thus  positively  ascertained.  Comparing  this  with  what 
has  been  described  and  marked  in  the  sections  of  Evanston,  Cheyenne, 
Gehrung's  in  Colorado,  the  lignite  basin  of  the  Arkansas  Valley  near 
Cafion  City,  the  Santa  F6  marls,  the  Gallisteo  group,  &c.,  such  remark- 
able analogy  is  seen  in  the  composition  and  geological  distribution  of 
these  conglomerates  that  the  unity  and  contemporaneity  of  the  formation 
becomes  evident.  The  upper  part  of  the  section  of  Evanston  is  a  coun- 
terpart of  that  of  the  conglomerate-beds  described  above  by  Dr.  Hay- 
den. It  is,  indeed,  reduced  in  thickness,  as  also  in  the  size  of  the 
materials  entered  into  its  compound.  But,  as  remarked  already,  this 
reduction  is  everywhere  relative  to  the  distance  of  the  older  rocks  which 
have  furnished  the  materials.  And  it  ought  to  be  so ;  for  the  formation 
is  a  kind  of  drift,  spread  over  a  wide  area  by  water  or  by  glacial  agency, 
and  of  course  the  coarse  and  heaviest  materials  are  found  nearer  their 
point  of  origin.  It  has  been,  but  it  cannot  be,  considered  as  a  recent 
drift.  I  have  seen  no  trace  of  recent  glacial  agency  on  this  side  of  the 
Bocky  Mountains,  where,  indeed,  moraines,  or  heaps  of  materials  trans- 
ported by  glaciers,  would  be,  I  tnink,  a  kind  of  anomaly.  The  glaciers 
have^  like  the  peat-bogs^  a  development  relative  to  atmospheric 
hamidity.  It  is  not  the  ram  which  increases  the  density  of  the  snow, 
transforms  it  into  n6v6  and  then  into  ice,  but  the  fogs.  Therefore,  the 
eastern  slopes  of  the  Bocky  Mountains  have  snow  in  their  high,  deep 

•  F.  V.  Hayden's  Geological  Report,  1870,  p.  69. 
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gorges,  but  not  glaciers.  The  case  mast  have  been  far  different  at  the 
Eoceue  timey  where  the  great  atmospheric  hamidity  is  manifested  by  the 
formation  of  the  lignite-beds. 

From  these  remarks,  and  as  a  short  resume^  I  am,  I  think,  author- 
ized to  deduce  the  following  conclusions :  That  the  great  Lignitic  group 
mast  be  considered  as  a  whole  and  well-characterized  formation,  Bmited 
at  its  base  by  the  fucoidal  sandstone,  at  its  top  by  the  conglomerate 
beds ;  that,  iudopendeut  from  the  Cretaceous  under  it  and  from  the 
Miocene  above  it,  our  Lignitic  formations  represent  the  American 
Eocene. 

Part  II.— THE  LIGNITE;  ITS  FOEMATION. 

The  greatest  geologist  of  our  time,  Lyell,  takes  as  a  preamble  of  his 
Prinvlples  this  admirable  remark  of  Playfair: 

Amid  all  tlio  revolutioiiH  of  tbc  K^obe,  the  economy  of  nataro  has  been  nnifbrm, and 
b(T  iiiWH  are  the  ouly  tbiii^rv)  tliat  have  resisted  the  {general  movement.  The  riven  and 
the  rm'ks.  the  seas  and  tlic  continents,  have  been  chan^Hl  in  all  their  part« ;  but  the 
hiws  wbich  direct  those  chaugosand  the  rules  to  which  they  ore  subject  have  renuuned 
invariably  the  s;iuie. 

Certainly,  every  geologist  is  disposed  to  admit  the  exact  troth  of  the 
above  assertion  :  l)nt  how  few  of  those  who  are  called  to  teach  geology 
are  disposed  to  follow  the  advice  implied  in  it  and  to  begin  their  in- 
structions in  studying  the  changes  and  phenomena  on  which  the  pres- 
ent surface  of  our  globe  is  dc])eudent,  and  of  which,  too,  it  is,  at  least 
for  a  given  time,  the  immediate  result. 

Tlic  want  of  i)recise  information  on  actual  phenomena,  whose  under- 
standing is  important  for  the  pursuit  of  geological  studies,  is  i)erhapd 
nowhere  inon*  evident  than  in  considering  how  little  the  formation  of 
our  combustible  minerals  is  un<lerstood.    J  t  is  indeed  generally  believed, 
and   rightly  a<lniitred  now,  that  we  have,  in  the  peat-deposits  of  car 
time,  a  formation  analogous  to  that  of  the  coal,  and  that  therefore  we 
have  only  to  study  this  present  and  active  produetiou  of  nature  to  1)6 
able  to  understand  the  origin  of  the  deposits  of  combustible  mineral  of 
former  eporlis.    But  how  to  make  this  study?    Nature's  works  are  of 
Fucli  a  complex  inuuensity  that,  simple  as  they  appefir   to  the  mere 
Ioolv(M'-on,  a  whole  human  life   is  often  fully  employed  in  the  abortive 
trial  of  unraveling  the  details  of  one  of  its  minutest  productions.   Peat- 
bogs jire  not  a  compoiuid  or  a  mere  heap  of  dead  matter,  brought  up 
like  the  nuid  and  sand  <»f  the  rivers  by  some  appreciable  force.    That 
the  peat  lias  grown,  and  is  slill  growing,  in  basins  which  it  tends  to  fill 
up  to  a  precise  degree,  is  well  known.    Lut  this  general  and  vague 
assent  ^)\'  \i  truth  says  nothing  on  the  mode  of  growing,  on  the  materials 
which  supply  the  compouml.  on  the  elements  necessary  to  its  preservation, 
on  the  inlluences  aiVording  those  subsequent  transformations  by  which 
nature  secretly  elaborates   some  apparently  useless  vegetable  dibm^ 
restores  them  after  a  time  as  lignite,  coal,  anthracite,  even  diamond,  all 
matters  adai»ted  to  the  wants  of  our  civilization.    AH  these  questious^ 
to  be  clearly  understood,  demand  in  botany,  in  chemistry,  in  i>hysicsof 
the  earth,  not  mere  notions,  but  an  intimate  acquaintance  which,  even 
for  one  of  these  specialties,  cannot  be  obtained  by  a  whole  life  of  study. 
There  is,  however,  another  cause  of  the  ignorance  of  the  phenomena 
which  accompany  the  formation  of  the  peatbogs  of  our  time,  and  of  the 
Jaws  which  promote  it.    Peatbogs  have   nothing  attractive,  nothing 
which  si)eaks  at   first  to  an  imaginative  mind,  which  charms  it  and 
tempts  it  to  investigation.  They  are  like  cemeteries,  mere  resting-place* 
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toit  death.  They  have  no  life  but  vegetable  life,  which,  in  its  laxoriance, 
18  generally  enveloped  in  a  kind  of  repulsive  gloom.  At  some  open  pla- 
ces the  surface  is  covered  by  mere  heaps  of  mosses,  where  deep-sinking^ 
footing  makes  each  pace  not  only  uncertain  bat  startling  and  alarming 
as  dangerons.  At  others  the  bogs  are  thickly  interspersed  by  hillocks, 
which,  formed  on  the  roots  of  trees  and  bnshes,  hidden  under  a  tiiick 
carpet  of  mosses,  oflfer  not  only  an  insecure  footing,  but  are  separated  by 
gulches  full  of  stagnant,  black,  muddy  water,  where  the  prospect  of 
a  plunge  is  not  pleasant  indeed.  At  other  places  still  the  bogs  are  so 
diickly  overgrown  by  trees  and  bashes  that  one  has  to  use  the  hatchet 
to  penetrate  them.  Through  a  narrow  path,  edged  in  that  way  by 
two  walls  of  verdure,  the  i>erspective  is  so  limited  that  every  kind  of 
research  becomes  nearly  impossible.  Or,  also,  the  trees  and  bushes, 
some  standing,  some  inclined  or  prostrated  in  every  direction,  form  over 
the  surface  a  kind  of  net,  whose  meshes  are  hidden  by  the  vegetation  of 
tiie  mosses,  of  the  ferns,  &c.  Those  who  have  tried  to  cross  a  cedar- 
swamp  will  never  try  again  the  same  mode  of  shortening  their  journey. 
It  is  the  most  difficult  task  to  pierce  through  a  few  rods  of  such  a  swamp, 
either  in  walking  along  the  prostrated,  half-covered  trunks,  by  fear  of 
tumbling  down  into  the  dark  intervals,  or  in  searching  a  passage  upon 
the  surface  by  climbing  and  passing  across  the  trunks  or  piercing  under 
them  through  the  wet  curtains  of  rank  vegetation  pending  from  their 
sides.  Moreover,  many  peat-bogs  are  not  only  of  dangerous,  but  of  im- 
possible access.  In  the  north  of  Europe,  and  in  the  south  of  our  coun- 
try, as,  for  example,  in  the  swamps  near  the  shores  of  the  sea  from  New 
Jersey  to  Texas,  the  bog-vegetation  often  begins  at  the  surface  of  the 
water,  extends  over  wide  areas,  covering  abysses  of  water  and  mud  of 
various  depths.  At  some  places  the  vegetable  carpet  is  strong  enougb 
to  bear  trees  of  large  size ;  even  railroads  have  been  built  upon  such 
kind  of  floating  land ;  at  others  the  too  thin  carpet  is  split  and  rent  by 
a  little  weight.  When  the  naturalist  is  trying  to  visit  such  swamps,  he 
does  it  at  the  peril  of  his  life.  Peat-bogs  of  this  kind  in  Ireland,  as  in 
Denmark  and  Sweden,  too,  are  crossed  only  by  narrow  paths  indicated 
by  poles.  On  dark  nights,  and  in  trying  to  follow  them,  many  a  wan- 
derer, missing  the  way,  has  never  been  seen  again.  Some  of  these  bogs 
are  of  such  dangerous  access  that  they  are  never  spoken  of  by  the  inhab- 
itants of  the  country  but  with  a  kind  of  dread.  In  Denmark,  according 
to  legendary  records,  a  run  upon  the  death-swamp  was  the  penalty 
inflicted  on  great  criminals,  who  rarely  or  e'er  traversed  the  bog,  being 
generally  ingulfed  in  the  attempt.  Though  we  may  doubt  the  truth  of 
this  legend,  it  is,  however,  positive  that  a  great  quantity  of  implements, 
of  weapons,  of  ornaments,  even  skulls,  skeletons  of  inhabitants  of  for- 
mer races,  are  found  in  bogs  now  emptied  by  hydraulic  enginery  and 
worked  to  the  depth  of  75  feet  or  more,  in  the  north  of  Europe.  The 
museum  of  Copenhagen  has  a  number  of  large  rooms  filled  merely  by 
remains  of  this  kind.  And  these  are  not  the  only  forbidding  features 
of  the  peat-bogs  of  our  time,  not  all  the  visible  phenomena  which  should 
demand  investigation  and  study  to  enable  a  naturalist  to  understand 
some  of  the  more  marked  characters  of  the  formation  of  combustible 
de|>osits. 

The  peat  results  from  the  heaping  of  vegetables  growing  at  the 
surface  of  the  bogs ;  but  as  water  is  necessary  for  the  preservation  and 
transformation  of  the  vegetable  matter,  and  as  peat  does  not  grow 
always  in  basins,  but  often  far  above  the  reach  of  any  water-level, 
where  and  how  is  the  water  procured  f  By  the  agency  of  a  mere 
kind  of  moss,  the  Sphagnum,  which  acts  like  a  vegetable  sponge. 
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These  mosses  absorb  \rater  from  tlieir  leaves,  their  braiicLes,  their 
stems,  still  more  thau  from  their  roots  5  they  live,  therefore,  from  the 
humidity  of  the  atmosphere  when  they  caunot  derive  it  from  underlying 
basins  of  water.  They  always  grow  in  eompaet  masses,  sometimes 
covering  wide  areas  by  their  only  vegetation.  They  grow,  too,  upon 
sloi>es,  even  steep  ones,  and  thus  in  countries  where  the  atmosphere 
is  charged  with  a  large  proportion  of  humidity,  they  ascend  from  the 
base  to  the  top  of  high  mountains.  It  is  the  case  in  Ii^eland.  The 
cone  of  the  Brocken,  too,  so  well  known  in  the  German  legends  of 
the  Ilartz  Mountains,  is  not  only  surrounded  at  its  biuse  by  deep  peat- 
bogs, but  the  peat  covers,  at  many  places,  the  slopes  of  the  cone  to  the 
tops  of  its  rocks.  Nobody  would  dare  to  attempt  descending  the  cone 
on  these  apparently  smooth  slopes  of  the  mountain,  formed  by  a  mere 
carx)et  of  mosses  which,  passing  from  rock  to  rock,  covers  sink-holes 
of  great  depth  between  them.  Jn  our  country,  the  same  phenomenon 
is  repeated  in  those  naked  places  called  glades,  on  the  slopes  of  the 
Alleghany  or  of  the  Adirondack  Mountains.  They  are  oi)enings  like 
small  prairies,  in  the  middle  of  thick  pine-forests.  The  fire  has  evi- 
dently not  touched  these  places ;  a  small  spring  has  developed  the  vege- 
tation of  the  spongy  mosses.  They  have,  by  and  by,  invaded  a  larger 
space,  preventing  any  other  kind  of  vegetation  but  that  of  the  bogs, 
even  covering  the  dead  trees  falling  upon  them,  and  there  we  have  de- 
posits of  peat  upon  slopes  of  the  same  degree  as  that  of  the  forests 
around. 

It  would  take  a  volume  to  describe  in  some  detail  and  explain  a  few 
of  the  manifold  appearances  which  the  mere  surface  of  a  peat  formation, 
even  of  small  extent,  offers  for  investigation.  If  one,  for  example,  will 
ta-ke  the  trouble  to  traverse  a  i)eat-bog,  even  where  its  surface  is  flat 
and  looks  uniform,  and  where  the  dryness  affords  a  somewhat  solid 
footiug,  he  cannot  but  remark  this : 

1st.  The  essential  vegetable,  the  moss,  {Sphagnum,)  is  not  only  spread- 
ing and  covering  the  plane  surface,  but  its  tufts  ascend  all  over  the 
debris  of  wood,  even  the  largest  trees  which  have  fallen  ni)ou  the 
ground,  and  cover  them.  And  when  the  swamp  is  in  some  places  over- 
grown by  bushes  or  conifers,  as  it  is  often  the  case,  these  mosses  ascend 
against  the  trunks  or  above  the  roots,  forming  tufts,  hillocks,  around 
and  upon  them. 

2d.  This  kind  of  moss,  even  in  its  more  upraised  and  apparently 
dryest  patches,  is  always  full  of  water.  Take  a  handful  of  it  and 
press  it  ;  water  will  run  out  of  it,  not  in  mere  drops,  but  in  rills.  This 
moss  has  the  softness  of  a  sponge,  and  is  a  sponge.  If  you  want  a 
proof  of  it,  put  this  now  well-compressedandapparently  dry  tuft  in  your 
pocket,  and  when  at  home  expose  it  upon  a  dry  plate  to  the  atmosphere 
for  one  cloudy  night,  and  in  the  morning,  you  may  repeat  the  experi- 
ment, squeeze  the  moss,  and  find  it  as  much  saturated  with  water  as  it 
was  when  taken  from  the  swamp. 

3d.  The  vegetation,  though  most  generally,  if  not  always,  intermixed 
with  Sphagnum^  is  not  continuous  or  uniform  over  extensive  areas;  here 
we  lind  patches  of  mosses  over  which  the  cranberry  and  other  creeping 
small  bushes  arc  in  full  bloom;  there  a  group  of  shrubs;  farther,  a 
thick  growtli  of  tamaracks,  in  the  north  ;  in  the  south,  the  bald  cypress 
and  magnolia,  or  an  imi>euctrable  grove  of  canes ;  then  apparently  bar- 
ren surface  covered  by  shallow  water  or  a  thin  crust  of  black  mud,  in- 
terspersed with  tufts  of  hard  sedges,  rushes,  &c. ;  thus  a  continual 
change  caused  by  great  diversity  of  a  vegetation  which,  however,  takeu 
in  its  whole,  forms  an  exclusive  and  limited  group. 
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This  madi  for  mere  surface  appearances.  The  diversity  becomes, 
however,  far  greater  in  penetrating  nearer  to  the  shore  of  the  ocean,  in 
those  dismal  swamps  of  the  south  where  it  is  caused,  not  merely  by  the 
variety  of  the  vegetation,  but  by  modifications  of  level  from  the  inces- 
sant action  of  the  water,  either  in  seeking  an  outlet,  or  by  alternately 
invading  low  land  or  heaping  upon  it  materials  which  raise  it  above 
the  sea.  Isolated  lakes,  like  the  Drummond  Lakes,  for  example, 
are  met  with,  which  formerly  were  covered  by  forests,  now  sank 
to  the  bottom,  where,  near  the  borders,  the  tops  of  trees,  {bald  cypreasj) 
still  standing,  appear  above  the  surface  of  the  water,  their  trunks  im- 
mersed 10  to  15  feet  deep.  A  bed  of  mud  is  slowly  deposited  over  this 
sank  forest,  from  particles  of  matter  brought  by  water,  while  on  the 
borders  the  floating  vegetation  of  the  peat,  the  Sphagnum^*  especially, 
already  begins  preparing  for  the  future  a  new  bed  of  materials,  which 
may  be  extended  over  the  whole  surface  of  the  lake.     Suppose  a  de- 

Eression  of  this  floating  mass,  and  the  bottom  of  the  lake  is  then  over- 
bid by  two  beds  of  combustible  matter,  separated  by  a  bed  of  mud, 
-while,  on  the  borders,  the  peat  of  an  uninterrupted  growth  has,  of 
course,  formed  a  single  bed.  This  represents,  if  time  enough  is  admit- 
ted, a  bed  of  coal,  compact  or  in  one  at  some  places,  separated  in  two 
or  more  beds  at  some  others.  This  division  of  the  peat-beds  by  foreign 
matter,  either  deposited  or  brought  up  by  the  same  agency,  is  remarked 
everywhere  and  often  continuous  and  increasing  in  the  same  direetion. 
Some  of  the  lakes  of  Switzerland  are  separated  by  peat-bogs  of  great 
extent,  some  of  them  more  than  fifty  square  miles  in  area.  In  the  mid- 
dle of  the  greatest  of  these  bogs  the  bed  of  peat  is,  on  the  eastern  side, 
8  to  10  feet  thick,  without  parting,  but  toward  the  west  it  is  horizontally 
divided  in  the  middle  by  a  streak  of  sand,  which,  for  six  miles  farther, 
increases  by  degrees  to  3  feet.  In  coming  to  the  bonlers  of  the  lake 
the  lower  bed  of  i)eat  passes  under  the  sandy  bottom.  In  Holland, 
borings  for  water  record  one  bed  of  peat  farthest  from  the  shores  in 
coming  nearer  to  them,  proiK)rtionally  to  distance,  two,  three  beds»  or 
more,  formed  by  sui>eiposition  of  sand  and  mud,  causing  temporary  or 
permanent  divisions  of  the  original  bed. 

The  same  modifications  are  observable  in  the  peat-doi)osit8  of  this 
time,  and  their  cause  plainly  exposed  to  the  explorer  in  the  swamps  of 
this  country  nearer  to  the  shores  of  the  ocean.  Ilere  estuaries  indent- 
ing the  land  form  a  true  net- work  of  canals,  lagoons,  bayous,  cut  by 
narrow  capes,  islands  of  various  size,  some  of  them  a  mere  mass  of 
heaped  vegetables,  floating  here  and  there.  The  lowlands  are  mostly 
overgrown  with  a  luxuriant  vegetiition,  aflbrdiug  materials  for  the  growth 
of  the  peat ;  but  in  some  localities  these  swamps  are  slowly  invaded  again 
by  the  sea,  which  has  cut  a  channel  through  the  beach  somewhere 
near  by  and  brings  sand  over  them.  By  and  by  these  peat-deposits 
will  be  buried  apparently  forever.  But  if  a  current  or  a  storm,  or 
some  other  casualty,  closes  the  channel,  the  lagoon,  protected  against 
marine  influence,  becomes  an  inland  lake  with  a  permanent  level, 
has  its  brine  slowly  changed  into  fresh  water  by  the  ingress  of  some 
river,  and  after  a  while  the  same  kind  of  vegetation  will  re-appear 
over  the  lagoon  and  begin  its  productive  work  anew.  There  is 
along  these  low  shores  a  i)erpetual  contest  lor  predominance  between 

*  Species  of  ^jkuj^m,  when  growing  in  water,  extend  tboir  filaments  over  the  surfacu 
in  continuouH  and  innumerable  raiuitications,  wiiich  soon  form  a  ut^t  of  floating  vege- 
Istion,  where  other  plants  by  and  by  take  root  and  live.  On  a  solid  ground  the  same 
grow  in  compftot  mass,  all  their  stems  erect,  closely  pressed  together. 

23  a  s 
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.vatsr  and  land;  betweea  the  peat  vegetatioit  -which  tends  to  fomt 
^baek  the  aea  in  bnMinff  its  moors,  u  lunparte  ttRsinst  invasion,  and 

the  marine  force,  aearouDg  an  iDgrena,  and  in  its  charges  scaling  lov 
•walls  to  le-OGCQpyor  brfcher  extend  its  donatu  tor  n  wbile.    This, 

of  course,  causes  innnmeralde  moilifleatioDa  of  Innd-surrace.    The  bor- 


ings and  sbaftiugs  aroond  2T«w  Orleans  leoonl  ati  Hltei'UHuce  of  forestA, 
■either  prostrated  or  standios^  of  gravel,  of  mod-beds,  of  p^-^it,  &c,  iis 
aresnltttf  thiseonflict,  whi(m,ofeoane,beoMne8BtiIl  raorr  actire  un<l 


varied  near  the  moath  of  onr  great  rirers.  The  low  bottom-luuds  o. 
-the  Arkansas  and  Bed  Bivers  at  their  entrance  into  tbe  Mis8issi{i|)j 

show  the  same  kind  vl  oltenaoce  in  their  strati  gcAtion,    Tbe  catuw  is 

merely  modified }  inundations,  eqieoially,  marking  their  active  iiiAa«nee, 

instead  of  waves,  tides,  and  cormitB. 

What  has  bera  said,  as  yet,  tends  alreody  to  explain  not  only  tbe 
-eanse  of  the  mnltiplici^  and  variety  of  the  deposfls  remarked  in  oat 

Ugnitte  and  coal  measnres,  bat,  rise  the  dlArraces  observed  and  tb- 
.oonled  by  experiments  or  aoalyses  in  the  eompontds  of  tbe  combastit^ 

minerals,  not  only  at  separate  points  of  a  same  bed,  but  even  on  piecm 
•eat  from  the  same  Uook  of  moderate  sise. 


A  perfeot  onderstaading,  however,  of  Ihe  onasea  of  all  tbe  differenon 
noted  above,  and  other  lAenomena  as  yet  anezi^ried  in  tbe  formatton 
.of  eoal  and  llgniti^  oan  be  obtained  only  from  the  study  of  tbe  m«t«- 
. rials  wluoh  enter  into  the  oomporition  of  a  peatbed,  When  seen  on  n 
bank  exposed  in  a  vertical  section.    Saoh  an  examination  can  rarely  be 
made  in  this  ooantry,  wtiere  tbe  peat  is  as  yet  of  comparatively  liltlu 
.value,  and  where  tbe  rare  digginga  are  made  by  enginery;  heavy,   j 
sharpened  oatting-ahovels,  or  bozee,  moved  t^Steam,  briutriiig  oRtthe 
matter  from  underwater.    The  face  of  the  banks  i»  in  tliat  way  con- 
stantly immersed.    In  Enrope,  even  now,  peat  is  worked  from 'large 
banks  isolated  at  first  from  the  swamps  and  dmincd  liy  canals.    Tbe 
natter  is  cut  by  hand  from  the  top  to  the  fbot  of  tlurbanks,  andoa 
these  sections  the  dillerenee  in  the  oompoand  resulting  I'roui  variety  of 
the  vegetation  of  the  surface  may  t>e  comparatively  studied  Ix^th  ways, 
either  vertically  for  succession  in  time,  or  horizontally  tor  distribntiOD 
of  a  contemporaneous  fiora.    The  examination  of  siicb  banka  of  peata 
shows  at  first  that,  even  where  the  peat  is  older  and  more  compact,  one 
can  recognize  and  often  count  £rom  the  top  to  the  bottom  the  laywi  of  ji 
vegetable  matter  wbicb  have  been  heaped  each  year  for  tbe  confttifn-   ] 
tiou  of  the  whole  mass.    Near  the  top  the  annual  layers  are  apoBgy,   I 
irregular,  thick,  varying  from  one  to  three  inches  ;  by  compression  and    1 
decay  tbey  become  thinner  by  degrees,  and  at  tbt^'l>(>tt»iii   :ire  Koine- 
times  reduced  to  one-tenth  of  the  thickness  of  the  suit'act'  l:<.vor.s.    TIih 
show,  too,  irregularities  resulting  from  theembeddiM<:  ni  vL'sctublos  or 
large  size.    Generally,  however,  tbe  general  growth   i?^  not  ealirel.v    .. 
stopped,  even  by  prostrated  forests.    It  is  still  indicated  by  thin  lafen    J 
marking  the  remains*  of  the  vegetation  of  the  S^kaynum,  and  when,    1 
either  at  once  or  snccessively,  the  tronks  of  trees  be(;ou)e  embeddH,    | 
there  is  for  awhileakind  of  local  confusion  of  the  annual  tjiypi-s,  till,  Ibc    ^ 
.growth  of  mosses  and  small  vegetables  having  filli'd  the  iiiterveDinf 
spaces,  the  surface  has  become  horizontal  again  and  tlmlavcrsilistinrtiy 
marked  on  wider  areas.    Generally,  vegetable  remains  after  a  few  yetm  j 
«e  mostly  rendered  unrecognizable  by  compression  and  maoetldHi  ■ 
which  change  their  color  and  modify  their  characters,  and,  of 'ObdS^  I 
the  older  the  peat-strata  are  the  less  their  vegetable  componnda  kMHil  I 
identifiable.      Some    kinds,    however,    escape   diKintegratiB&.  AV^  I 
immense  space  of  time.    These,  like  some  species  of  m  trnnnn,  'nf  HiH^  I 
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twigs  of  coniferons  or  species  of  the  heath  family,  may  be  recognized 
from  the  surface  to  the  lowest  part  of  the  banks  of  ancient  beds  of  ))eat. 
1  have  many  times  seen  strata  composed  essentially  of  the  heath,  {Erica 
tmlgariSj)  which  enters  often  in  great  proportion  into  the  formation  of 
the  peat  in  Europe,  whose  branches,  with  leaves  still  attached  to  them, 
were  as  identifiable  as  in  their  original  form,  and  this  under  10  to  12 
feet  of  peat.  In  digging  for  the  foundation  of  a  state  monument  at 
Berlin,  a  thin  bed  of  ])eat  was  exposed  under  40  feet  of  drift-sand.  This 
peat  was  a  comi>ound  of  mosses,  which  were  so  well  preserved  that  the 
species  could  be  recognized  just  as  if  the  mosses  had  been  recently  taken 
out  of  the  swamps.  Professor  Horton,  attached  to  the  geological  sur- 
vey of  Ohio,  found  two  identifiable  specimens  of  mosses  in  a  peat-deposit 
underlying  clay-beds  covered  with  drift. 

The  growth  of  the  peat  in  basins  full  of  water  and  from  immersed 
vegetable,  results  from  proceedings  somewhat  different,  but  not  less 
admirably  adapted  by  nature  to  the  purposed  end.  All  the  basins  where 
the  peat  is  formed  under  water  have  a  bottom  of  clay  prepared  in 
advance  by  some  kinds  of  water-plants,  Conferveey  which,  living  totally 
under  water,  out  of  atmospheric  influence,  arc  mere  cellular  plants,  nnd 
by  decomposition  produce,  like  the  infusoria  and  small  mollusks  which 
they  feed,  siliceous  or  clay  de[>osits.  To  these  capillary  plants  are  often 
added  the  Cliaracecc  and  some  species  of  mosses  which,  by  peculiar  and 
aa  yet  unexplained  structure,  have  the  propei*ty  of  transforming  and 
assimilating  in  their  tissue  the  carbonic  acid  of  the  water  into  lime.  It 
is  only  after  the  preparation  of  the  clay  bottom,  and  when  the  basin  has 
been  rendered  impermeable,  that  water-plants  of  another  kind  begin 
their  vegetation.  The  Sphagnum  among  them,  the  floating  species  of 
Hypnum^  the  Thypha^  SparganiuMj  Pond-weedSj  Water-lilieSj  all  plants 
rooting  in  more  or  leas  deep  water,  but  opening  their  leaves  and  flowers 
at  or  above  the  surface,  and  thus  by  atmospheric  influence  transforming 
the  carbonic  acid  into  fibrous  tissue,  and  be<;omiug  woody  plants  fit  for 
future  use  as  combustible  mineral.  The  debris  of  this  vegetation  are 
heaped  every  year  and  decay  under  water.  These  debrisj  generally  more 
mixed,  and  mostly,  too,  partly  decayed  and  bruised  before  submersion, 
form  a  more  compact  mass,  without  recognizable  annual  layers,  and  in 
time  may  be  transformed  into  that  coal  named  cannel. 

Swamps  of  this  kind,  however,  are  not  always  continuous  either  in  a 
vertical  or  horizontal  direction.  It  happens  in  some  countiies  that  when 
peat  formed  by  immersion  of  vegetables  has  been  heaped  up  to  the  level 
of  the  water,  the  upper  aquatic  vegetation  begins  its  work  and  builds, 
high  above  it,  a  deposit  of  peat,  where  the  same  phenomena,  viz,  distinct 
annual  layers,  &c.,  are  remarked  as  in  the  emerged  peat  formation.  On 
another  side  the  subaquatic  vegetation,  and  therefore  the  immersed 
formation  of  the  peat,  is  sometimes  in  full  activity  over  a  swamp  surface, 
while  at  another  place  of  the  sivme  swamp,  the  ground  raised  above  water 
is  covered  by  a  cranberry-swamp  or  an  emerged  ]>eat-bog.  This  is  the  case 
on  some  of  the  great  swamps  of  jS'orth  Ohio,  and  I  still  recollect  with  some 
kind  of  dismay,  that  twenty  years  ago,  misled  by  vague  informations,  I 
waded  in  three  feet  of  water  over  the  surface  of  an  immersed  peat  forma- 
tion^so  thickly  overgrown  by  bulrushes  (Scirpvs  pungens^  Seirpus  raliduftj 
<£e.)  that  once  within  this  kind  of  thicket  I  lostsight  of  the  borders,  already 
far  away,  and  lost  my  direction,  too.  Searching  there  a  way  of  egress 
for  hoars,  I  had  full  time  to  investigate  that  unpleasant  side  of  the 
formAtion  of  the  peat,  till  at  last  I  came  to  the  upper  part  of  the  same 
swamp,  the  cranberry- marsh  which  I  was  anxious  to  explore.  The  dif- 
ferenoe  of  compounds  in  some  beds  of  coal  which,  sometimes,  have  layers 
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of  csDnelcoal  in  the  lower  parti  topped  by  bitaminoitBeodf  to^irtriA  «t 
one  end  are  trae  eannel-cou  in  their  whole  thickneeSi  Tpamtng  to  Mto- 
minous  in  following  them  to  ecHne  other  part  of  the  Bama  detioailBi  te 
explained  by  these  remarks  on  liie  formation  of  oar  peat-boga.  We  mid. 
also,  a  remarkable  identity  of  oomponnd  in  the  bottom  day  of  the  coal 
and  Lignitic  beds,  whieh,  too,  indicates  b^  its  remains  the  ag^sney  of 
plants  of  a  same  nature  or  of  water-plants  in  its  formation. 

In  comparing  peat  to  coal,  and  jndging  firom  mere  appearaMSi  oais 
finds  at  first  a  grc»t  differenoe  between  these  combnstiMe  ttdrteiMi.  Bnt 
in  following  the  intermediate  grades  which  modify  them  according  tn 
age,  the  intervening  links  are  finind  so  intimately  Joined  that  it  becomes 
impossible  to  separate  them  or  to  mark  divisions  from  peraianeatcbaafw 
acters.  In  ancient  peatbogs,  the  peat,  especially  near  tiie  bcttMi, 
becomes  black,  compact,  intermixed  by  layers  of  crystldlin^  thomgii: 
still  soft  coaly  matter,  which  only  wants  hardness  to  be  compatmhlo  to 
trae  coal  or  even  nndistingnishable  firom  it*^  Passing  flEom  peafeto 
what  is  called  lignite,  or  to  deposits  of  woody  matter  in  formatioiiB 
older  than  onrs,  we  find  in  these  accnmnlations  either  beds  of  mosseii 
of  species  still  recognisable  as  analogous  to  those  of  our  times,  or  heapa 
of  tmnks  whose  wood  has  still  its  color,  its  original  stmctore,  aaitia 
seen  in  the  present  peat-bogs,  but  which  has  already  become  Mrftaned 
to  the  consistence  of  clay.  Some  older  deposits  have  their  woody  re^ 
mains,  tmnks,  and  branches,  already  blackened  but  still  soft,  befng 
easily  cut  by  shovels.  Still  fiirther  into  the  divisions  of  time  or  t? 
geologists,  this  wood,  as  at  Golden,  for  example,  is  found  hardened,  eal^ 
bonizedlike,  but  preserving  its  original  structure  so  disttocUy^tlKat  th6 
concentric  layers  of  branches  are  as  distinct  as  in  tlie  wood  of  onrfolcsla 
And  in  the  same  basin,  or  at  the  same  horison,  as,  for  example,  at  the 
Raton,  the  combustible  matter  stQl.  called  lignite  has  become,  by  tteM>- 
pearance,  hardness,  and  chemical  compound,  nndtstingidshable  from  fine 
coal  of  the  Carboniferous  measures. 

Chemistry  accounts  for  the  differences  remarked  in  the  various  d^rees 
of  decomposition  of  woody  materiids.  It  explains  how  the  transforma- 
tion of  woody  fibers  into  coal  is  the  result  of  a  retarded  combustion  l^ 
the  slow  combination  of  the  oxygen  of  the  atmosphere  with  t^e  hydm^ 
gen  of  the  plants,  converting  the  woody  fiber  into  carbon  and  increasing, 
proportionally  to  the  duration  of  the  process,  the  amount  of  fixed  carbon. 
In  this  operation  of  nature  the  wood  passes  through  all  the  stages  of 
decomposition  remarked  in  mineral  combustible,  from  peat  to  anthra* 
cite,  &c.  In  the  lignite  the  work  is  only  half  done,  as  seen  in  eonsnlt* 
ing  the  numerous  analyses  given  of  this  matter,  which  always  indicate 
a  proportion  of  carbon  relative  to  that  of  water  or  of  as  yet  nnbumed 
woody  fibers.  In  some  cases  the  slow  maceration  appears  hastened  to 
its  completion  by  subterranean  heat.  How  else  would  it  be  possible  to 
explain  the  transformation  of  lignite  into  anthracite  in  close  vicinity  to 
basaltic  dikes,  as  at  the  Baton  Mountains  and  at  Placiere  Mountains, 
New  Mexico,  when  the  same  beds,  at  a  distance,  retain  still  the 
appearance  and  chemical  compounds  of  true  lignite  t 

Nothing  is  more  admirable  in  nature  than  the  apparently  simple  pro* 
cess  of  the  formations  which  have  here  been  briefly  reviewed.  Nature 
disposes  of  the  carbonic  acid  of  the  atmosphere  and  of  its  humidity  for 
the  food  of  the  plants  which,  by  a  kind  of  digestion,  elaborate  it  into 
woody  fibers.    Under  peculiar  times  and  circumstances,  where  these 


*  The  bottom  of  a  peat-bog  of  Locle,  Switzerland,  is  fonned  of  layen  of  this  Bobetanca 
already  hardened  and  nndistingnishable  fh>m  Hgnite-cmiL 
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woody  materials  are  onavailable,  it  piles  ibem  into  vast  magazines,  care- 
fally  prepared  a  long  time  in  advance,  for  that  purpose.  And  then,  re« 
versing  its  operation,  slowly  combining  again  the  water  and  the  carbonic 
acid  of  the  wood,  to  return  them  to  the  atmosphere  as  new  food  for  liv- 
ing plants,  it  constantly  improves  the  value  of  the  stored  materials  for  a 
future  contingency.  Man  now  recognizes  the  end  of  this  work,  enjoys 
its  results,  and  can  but  acknowledge  in  it  the  disposition  of  a  wonderful 
Providence. 

The  first  result  of  the  decomposition  of  woody  matter  in  basins  pre- 
pared for  the  formation  of  the  peat  is  the  generation  of  an  acid,  {acid 
mhniej)  soluble  in  water,  and  especially  marked  by  its  antiseptic  property. 
Water  saturated  with  this  acid  not  only  retards  iudetinitely  the  decom- 
XXisition  of  the  wood  immersed  into  it,  but,  under  some  circumstances, 
preserves  for  a  length  of  time  every  kind  of  organic  matter,  even  meat. 
The  water  does  not  receive  from  this  compound  any  unpleasant  taste  or 
smell,  nor  any  unwholesome  influence.  It  is  as  palatable  for  drink  as 
spring  water,  merely  unattractive  by  its  somewhat  brownish  color.  Even 
it  may  be  considered  by  its  antiseptic  property  a  preventive  against 
fever  and  other  epidemic  diseases,  or  a  remedy  for  every  kind  of  dis- 
eases caused  by  puti'id  decomposition  of  tissue.  Statistic  tables  huve 
established  this  fact  in  Europe,  that  the  average  of  human  life  is  longer 
for  the  inhabitants  of  the  i)eat-bogs  or  of  the  land  bordering  the  forma- 
tions of  this  kind.  This  water,  too,  does  not  enter  into  decomposition 
even  when  exposed  to  a  high  degree  of  continued  heat.  It  has  been 
carried  for  eighteen  months  or  more  in  explorations  of  equatorial  coun- 
tries, preserving  its  purity  to  the  end.  From  this  it  is  easily  understood 
how  trees  or  fragments  of  woo<l,  thrown  down  or  strewn  upon  the  bogs, 
become  protect^  against  decomposition  by  a  thin  carpet  of  mosses  im- 
pregnate with  such  kind  of  water. 

The  ulmic  acid,  soluble  in  water,  becomes  fixed  or  solidified  into  a 
black  reainous  matter,  by  evaporation  of  the  water,  thus  forming  a  pro- 
portion of  the  combustible  part  of  the  peat,  and  greatly  increiising  its 
value.  The  difference  in  the  heating  properties  of  the  compound,  when 
dried  under  atmospheric  influence  or  by  compression,  is  sometimes  as 
high  as  one-fifth.  The  best  peat,  therefore,  is  that  which,  taken  from  the 
bogs  by  hand  or  by  machinery,  is  kneaded  till  the  whole  has  been  ren- 
dered a  homogeneous  paste.  The  operation  is  performed  in  various 
ways,  according  to  means  and  circumstances;  by  pounding  with  the 
feet,  with  wooden  mallets,  by  mills,  &c.  The  i)eat  thus  prepared  is  cut 
or  mohied  in  pieces  of  suitable  size,  left  upon  the  ground  till  somewhat 
hardened,  then  dried  by  successive  exposure  of  the  faces  to  the  atmos- 
phere. Prepared  in  that  way,  the  peat  of  the  old  bogs  of  our  time  is 
as  good  a  combustible  as  hard  wood. 

The  ulmic  acid  of  the  water  of  the  bogs,  antagonistic  to  some  kind  of 
vegetation,  essentially  favors  the  growth  of  plants  of  hard  woody  tissue. 
The  flora  of  the  peat-bogs  is  therefore  exclusive  and  limited.  It  has 
mostly  species  with  sharp-pointed  narrow  leaves — conifers,  grasses, 
sedges,  rushes,  canes,  mosses,  and  a  few  shrubs,  dwarf-birch,  cran- 
berry, &c.  The  bladed  form  of  the  leaves  appears  especially  appropri- 
ate to  the  absorption  of  atmospheric  humidity,  and  by  their  multiple 
surfaces  to  the  evaporation  when  superabundance  of  water  demands  it. 
The  mosses  have  not  as  yet  been  observed  in  a  fossil  state,  neither  in 
the  Carboniferous  nor  in  the  Lignitic  formations.  The  first  remains  of 
this  class  api)ear  in  the  Upper  Tertiary,  esin^cially  in  the  amber.  But 
there  is  not  a  positive  proof  of  their  absence  in  older  formations. 
Moreover,  the  peat-bogs  of  former  epochs  have  apparently  had  for  their 
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growth  other  kinds  of  v^etableSi  posseiMng  the  same  prOperttai  %lth 
the  same  mode  of  life,  we  do  not  know  them  ae  yet,  fbr  flie  T0gMiBble 
remains  fossilised  in'  sand  and  olay  beds  seem  to  represent  species  ^ 
plants  bordering  the  swamps,  rather  than  the  species  wUoli  hM  md- 
tribnted  to  their  composition. 

The  evaporating  and  absorbing  power  of  the  plants  of  the  boM  play 
another  remarkable  part  in  the  economy  of  nature  in  modemttng  4iie 
extreme  of  temperature,  especially  greatly  redncing  the  excess  ef  ccdd. 
Everybody  knows  how  even  a  Qiin  fog  prevents  flrost.  The  florft  of  onr 
Lignitic,  like  that  of  the  Goal  epoch,  has  a  number  of  spedes,  whose 
af9nity  is  with  plants  now  considered  as  characteristic  of  a  tropical  itr 
subtropical  climate.  It  has  been  generally  argued  therefiNMB  tiliatjrf; 
the  time  when  our  combustible  minerals  were  in  progress  of  formalioii 
the  climate  of  onr  countiy  was  much  warmer  than  it  is  now.  Srom  the 
examination  of  the  flrst  specimens  of  Tertiary  fossil-pUmts  fSomnd  on 
this  continent  I  was  inclined  to  admit  a  same  opinion;  but  tiiemoFe  I 
have  studied  the  distribution  of  tibe  plant  of  former  epochs,  oomparing 
it  with  that  of  ours,  the  more  I  have  been  led  to  believe  that  the  diflbr* 
ences  in  the  general  characters  of  the  vegetation,  as  indicated  by  fossil 
remains,  reaidt  essentially  from  atmospheric  humidity,  rather  than  fkom 
temperature.  In  Ireland  and  in  Scotland,  near  the  month  of  tihel  Firth 
and  of  tibe  Clyde,  as  high  as  57^  of  latitude,  a  limit  corresponding  on 
the  American  continent  with  North  Labrador,  the  vegetation  uncter  a 
high  degree  of  atmospheric  humidity,  already  presents  a  tropical  aspect 
Tropical  ferns,  species  of  HymenaphpUum  and  ZVidbostiUMS,  cover  the 
rocks  and  the  mossy  trunks  of  thetr^s,  mixed  with  European  fbnnsof 
ferns,  which,  by  their  luxuriance  and  sise,  recall  the  characters  of  tthe 
vegetation  of  the  Southern  Islands.*  It  has  been  remarked  already 
that  the  coal  and  lignite  beds  proved  for  the  timeof  their  formationat  fiur 
greater  degree  of  atmospheric  humidity  than  we  have  now.  If  a  mere 
difference  in  the  proportion  of  humidity  can  proiluce  at  our  time  a 
change  in  the  character  of  the  vegetation  corresponding  to  thnt  indi- 
cated by  temperature  in  25^  of  latitude,  or  the  difference  between  the 
sonthern  swamps  of  oars  and  those  of  Scotland,  we  can  easily  admits  as 
resulting  from  the  same  catise,  the  facies  of  the  vegetation  of  Greenland 
at  the  Tertiary  epoch.  This  flora,  as  we  know  it  already,  has  a  gencotil 
relation  and  some  identical  species  with  that  of  our  Lignitic  deposits  of 
the  West. 

Tlie8e  details,  which  indirectly  throw  light  on  the  prodnctive  causes, 
the  distribution,  and  the  original  composition  of  the  lignite-beds,  are 
sanctioned  by  the  importance  of  a  formation,  jnstiy  considered  as  a 
most  essential  series  of  our  American  geology. 

THE    LIGNITIC    CONSIDERED    IN    ITS    APPLICABILITT.— 
AREAL  DISTRIBUTION  AND  THICKNESS  OF  THE  STRATA. 

§  1.    The  Nobthebn  Lignitic  Basik. 

The  formation  to  which  the  name  of  Oreat  Lignitic  i»  fittingly  applied 
is  for  the  first  time  noticed  in  Lewis's  and  Clarke's  expedition  to  the  Rocky 
Mouutaiiia,  1804: 

The  coal  or  lignite  was  first  observed  twenty  miles  above  the  Mandan  YUlage.  The 
blutls  on  each  side  of  the  Missouri  are  npward  of  100  feet  high,  composed  of  sand  and 
clay,  with  many  horizontal  strata  of  carbonated  wood,  resembling  pit-ooal,  from  1  to 


*  Schimper,  Vegetable  Paleontology,  vol.  1,  p.  358. 
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6  feet  each  in  thickneiw,  and  oconrriDg  at  variooA  elevatioDS  above  the  river.  At  fifty 
milea  above  the  village,  similar  coal-seams  were  noted,  but  here  they  were  observed  to 
be  ou  fire,  emitting  qaantity  of  smoke,  and  a  strong  sulphnrous  smell.  Further  on  the 
same  salphnrons  coal  continued  for  eighty  miles  more ;  strata  of  coal,  frequently  in  a 
state  of  combustion,  appearing  in  all  the  exposed  faces  of  the  bluifs.  The  quality  of 
the  coal  improved  us  the  party  advanced  near  the  mouth  of  the  White  River,  eighty- 
five  miles  farther,  affording  a  hot  and  lasting  fire,  but  emitting  very  little  smoke  or 
flame.  Thence  forty-seven  miles  to  the  Yellowstone  River,  and  at  a  blutf  eight  miles 
np  that  stream,  were  several  strata  of  coal.  For  fifty  miles  above  the  junction  of  the 
Yellowstone  and  the  Missouri  there  were  greater  appearances  of  coal  than  had  yet  been 
seen,  the  seams  being  in  some  places  6  feet  thick,  and  there  were  also  strata  of  burnt 
earth,  which  were  always  on  the  same  level  with  those  of  coal.  The  explorers  had 
thns  far  traced  this  lignite  formation  along  the  banks  of  the  Missouri  for  a  distance  of 
three  hundred  and  thirty  miles.  The  horizontal  formation  of  clay,  loam,  and  sand, 
with  firagments  of  coal  in  the  drift  of  the  river,  extended  three  hundred  miles  more  to 
If  uscle-shell  River,  or  six  hundred  and  twenty  miles  from  the  Mandan  Village.  Even 
above  this  point,  washetl  coal  continually  appeared  on  the  shores  of  the  river  and  at 
Elk  Rapids,  eight  hundred  miles  from  Fort  Mandan,  the  high  bordering  bluffs,  were 
still  composed  of  horizontal  beds  of  clay,  brown  and  white  sand,  soft,  yellowish-white 
sandstone,  hard,  dark-brown  freestone,  and  large,  round,  or  kidney-suapcd  nodules  of 
clay,  iron  ore.  Coal,  or  carbonated  wood,  similar  to  that  previously  observed,  was  also 
seen,  and  was  accompanied  with  burnt  earth,  probably  the  result  of  the  spontaneous 
combustion  of  the  coal,  as  was  noticed  for  hundreds  of  miles  below.  After  reaching 
the  grand  fork  of  the  Missouri,  and  ascending  two  or  three  days'  journey  up  Maria^ 
River,  northward,  it  was  remarke<l  that  precisely  the  same  geological  character  and 
coal-strata  prevailed  for  more  than  sixty  miles.  So  far,  therefore,  the  exploring  party 
had  been  traveling  through  or  over  a  ligneons-deiwsit  of  singularly  uniform  character 
for  no  less  than  nine  hundred  and  eighty  miles,  following  the  w*indiug  of  the  river. 
Pursning  the  south  fork  toward  the  great  falls  of  the  Missouri,  coal  was  still  observed 
in  blaffs  of  dark  and  yellow  clay  at  a  distance  of  two  thousand  four  hundred  and 
fifty-four  miles  up  that  mighty  river,  and  it  was  not  until  near  the  base  of  the  Rocky 
Mountains,  and  after  one  thousand  miles  of  traveling  across  it,  that  this  great  region 
of  coal-beds  and  lignites  was  passed. 

On  his  return  Captain  Clarke  descended  the  Yellowstone  from  about  norih  latitude 
45^  to  its  mouth,  4hP  :2(K,  and  everywhere  found  the  same  series  of  conl,  and  variously 
colored  clays  and  Hoft  sandstones,  as  wast  raver  tied  in  ascending  the  Missouri. 

Below  the  Big  Horn  is  a  large  stream  falling  in  from  the  south,  whose  Indian  name 
implies  "  The  Coal  Creek,''  from  the  great  quantity  of  this  mineral  upon  its  border. 
The  same  coal  series  continued  to  the  confluence  of  the  Missouri,  exhibiting  uninter- 
roptedly  for  seven  hundred  miles,  in  addition  to  the  thousand  previously  traversed, 
the  vast  pcrsist-ence  of  this  formation.  The  enormous  area  of  similar  strata  is  further 
shown  by  the  decoloration  of  all  the  tributaries  that  enter  the  Missouri  from  both  the 
fioath  and  the  north  from  the  forty-second  to  the  forty-ninth  degree  of  north  latitude.* 

In  1832  Prince  Maximilian,  of  Neuwied,  passed  np  the  Missoun  River, 
and  in  the  splendid  record  of  his  travels  mentions  the  occurrence  in 
numerous  localities  of  thick  beds  of  lignites. 

Some  more  detailed  information  on  the  distribution  of  the  lignite-beds 
of  the  Tertiary  are  given  bj'  Mr.  E.  Harris,t  who  accompanied  Audubon 
up  the  Missouri  to  the  mouth  of  the  Yellowstone,  in  1843.  He  counted, 
at  one  place,  ei^ht  seams  of  coal  between  the  river  and  the  top  of  the 
bluff,  their  thickness  varying  from  G  inches  to  4  feet. 

In  Dr.  D.  D.  Owen's  final  report  of  a  geological  survey  of  Wisconsin, 
Iowa,  and  Minnesota,  an  account  is  given  of  Dr.  John  Evan's  exploration 
of  the  Mauvaises  Terres.    He  remarks,  (p.  195 :) 

That  below  Fort  Clarke  the  great  lignitic  formation  first  shows  itself  in  the  banks  of 
the  Missouri.  It  was  traced  to  a  point  twenty  miles  below  the  Yellowstone.  One  of 
the  thickest  and  most  valuable  b(Kls  of  coal  observed  by  Mr.  Evans  occurs  near  Fort 
Berthold,  where  it  is  ftom  4  to  6  feet  thick. 

In  1850  Mr.  Thaddeus  A.  Culbertson  visited  the  Upper  Missouri  to 
above  Fort  Union,  noting  the  occurrence  of  lignite-beds  at  various 
localities. 

Thus,  at  different  times,  the  lignite-beds  of  the  Upper  Missouri  and 

•  R.  C.  Taylor,  Statistics  of  Coal,  n.  175. 

t  In  Procaedings  of  the  Acad,  of  ^at.  Sci.,  PhiL,  ^^Yt  184^* 
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TeUowstone  fiivera  weie  leoiarked,  bat  ahroiyB  in  a  geneNl  wtt^i  "^HWIi- 
oat  giviog  any  predae  inibnBalioiL  eoneerning  their  mge,  flieb  maMlm* 
tion,  thickness,  and  oompoonda. 

The  same  Lignitio  fomatioBS  ware  idso  deaeribed  from  the  northHrest 
of  British  America,  with  smae  more  details;  but  tiiese  observatiotti  do 
not  concern  the  present  lesearohes. 

From  the  soath,  too.  or  JOrom  New  Mezioo.  we  have  zeosvda  ^  the 
presence  of  thick  coal-beds  **  fimnd  in  great  abandanoe  and  of  good 
quality  between  the  placers  in  the  Aaton  Moantains,  abd  mnsxf^pVbet 
places.'^  And  in  the  narrative  of  Lientenant-Oolonel  Emory,  ooal  if 
mentioned  as  occarring  between  Fort  Bent^  on  the  Arkansas  Bivor,  and 
Sante  F6  to  the  north  and  sonth  of  the  Baton  Pass.  One  bed  seento  (ho 
northward,  at  Captain  Sumner's  camp,  is  described  as  an  immense  Add, 
the  seam  which  cropiied  ont  being  30  itoet  thick.  Another  notioed  by 
Golonel  Emory,  was  seen  on  the  banks  and  near  the  head-waters  of  iho 
Canadian  Biver,  about  north  latitode  36^  6(K.  on  the  7th  Angost,  18>l7.t 

It  is  in  the  reports  of  Messrs.  Meek  and  Uayden,  and  in  the  vafaHai- 
ons  papers  which  these  gentlemen  have  pabliraed  from  1857  to  1881. 
that  we  obtain  the  first  positive  data,  not  only  on  the  gedogy  ara 
paleontology  of  the  lignitic  formations  of  tiie  north^  bat.  also,  on  tho 
distribution  and  value  of  their  beds  of  combustible  minerals.  The  pro- 
ceedings of  the  Academy  of  Natural  Sciences  of  Philadelphia,  May,  1857, 
have  a  very  interesting  account  of  the  Tertiary  and  Cretaceous  of  Ne- 
braska, by  Messrs.  Meek  and  Hayden.  The  sect-ion.  page  8,  marb  the 
relative  position  of  ei^t  beds  of  lignite  underlaid  py  a  compact  sand- 
stone 30  feet  thick,  which  directly  reposes  upon  Na  5  of  the  Cretaoeoos. 

In  the  same  year  Dr.  F.  Y.  Hayden  has  a  map  with  sections  of  tlM 
country  bordering  the  Missouri  Biver,  accompanied  by  explanations 
and  documents  of  the  highest  interest  This  work  embodies  the  remdtrt 
of  three  years'  explorations  by  the  author  in  the  Northwest.  It 
marks  the  outlines  of  the  great  Lignitic  Tertiary  at  the  south  fhmi 
the  Upper  Smoky  Hill  Fork  of  the  Kansas  Biver,  to  above  White 
Biver,  or  the  South  Fork  of  the  Cheyenne;  and  at  the  north  on  both 
sides  of  the  Missouri  Biver  from  below  Fort  Clarke  to  the  Muscleshell 
Biver,  the  north  limit  marked  by  British  America,  and  the  southern  b^ 
the  head  waters  of  Cherry  Creek  and  the  Black  Hills.  The  author  esti- 
mates the  area  of  this  north  basin  at  four  hundred  miles  in  length  and 
one  hundred  and  fifty  miles  in  width,  or  at  about  sixty  thousand  square 
miles — an  estimate  which  he  rightly  considers  as  too  low.  From  this 
time  to  1861  the  papers  of  Messrs.  Meek  and  Hayden,  mostly  relating  to 
paleontology  and  geology,  do  not  furnish  any  materials  for  this  part  of 
my  rcsearches4 

*  Id  a  letter  of  Don  Mannel  Alvarez,  May,  1847,  quoted  by  Taylor,  loc  dt, 

t  R,  C.  Taylor's  Statistics  of  Coal.  p.  220. 

X  In  order  to  show  the  amonnt  of  work  performed  at  that  time  to  prepare  the  knowl- 
edge which  wc  have  now  obtained  on  the  geology  of  the  Western  Territoriea,  and  to 
direct  the  rcHcarches  of  those  who  are  interested  in  the  snl]ject^  I  give  here  a  mere 
catalogue  of  the  memoirs  published  by  Messrs.  Meek  and  Haydon,  from  18^7  to  1861 : 

if  ay,  1857. — Proceedings  Acad.  Nat.  Sci.,  Phil. :  On  the  Tertiary  and  Cretaoeooa 
formations  of  Nebraska,  &c.    (F.  B.  Meek  and  F.  V.  Hayden.) 

Mayy  1857. — Loc,  cit. :  Notes  explanatory  of  a  map  and  section  illostniting  the  geo* 
logical  structure  of  the  Upper  Missouri,  &x).    (F.  V.  Hayden.^ 

JunCj  1857.— Lot',  cit, :  JNotes  on  the  geology  of  the  Mauvaises  Terres  of  White  Biver. 
Nebraska.    (F.  V.  Hayden.) 

March,  1858. — Trans.  Albany  Inst. :  Description  of  new  organic  remains  fkom  North- 
eaatem  Kansas  Permian.    (Meek  and  Hayden.) 
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The  geological  report  of  Dr.  F.  Y.  Hayden  on  the  exploration  of  the 
YellowstODe  and  Missouri  Rivers,  under  the  direction  of  Captain  Bay- 
nolds,  (185d-*60,)  pulilished  in  1869,  gives  besides  the  details  on  the 
geology  of  the  country,  some  interesting  data  on  the  distribution  of  the 
lignite-beds.    The  more  important  are  as  follows : 

In  the  great  Lignitic  groap  of  Fort  UDioDf  local  deposits  of  lignite  as  marked  in  gen- 
eral section  of  the  rocks  of  Nebraska,  p.  29.  In  section  2,  fmni  the  Black  Hills  to  the 
Yellowstone  River,  eight  beds  of  impnre  lignite  varying  in  thickness  from  3  inches  to 
3,  4,  and  5  feet.  Sections  3  and  4  have  two  beds  of  impnre  lignite  with  only  one  brd 
of  lignite  more  or  less  pure,  divided  by  layers  of  claS'*  Section  5,  p.  52,  on  Powder 
River,  indicates  on  a  thickness  of  31)6  feet  of  strata,  thirteen  beds  of  lignite  mostly  thin 
and  clayey;  one  of  them,  however.  No.  11,  is  7  feet  thick  and  quite  pure.  Two  other 
seotions  in  the  same  country  mark  beds  of  lignite  more  or  less  impure,  generally 
parted  in  thin  layers  by  clay-beds,  and  therefore  of  little  value.  Up  the  YeUowstono 
Valley  Dr.  Hayden  mentions,  near  the  mouth  of  the  Rosebud  Creek,  a  liguitc-bedo  feet 
tbick.  "  Three  hundred  yards  above,  it  separates  into  two  paits,2  to  2^  feet  each,  with 
6  to  8  f<9et  of  arenaceous  clay  between.  Five  hundred  yards  farther,  the  two  beds 
bt^gin  again  to  unite,  there  being  about  6  inches  chocolate-clay  between  them.  The 
lignite  is  quite  pure."  From  the  Big  Horn  to  the  union  of  the  Yellowstone  with  the 
Miasonri.  the  lignite-beds  occupy  the  whole  country  with  the  exception  of  the  portion 
already  described  and  a  distance  immediately  on  the  river  of  abont  seven  miles  called 
Shell  Point.  The  lignite-beds  are  well  developed,  and  at  least  twenty  to  thirty  seams 
are  riiown,  varying  in  purity  and  thickness  from  a  few  inches  to  7  feet.* 

In  the  records  of  a  joarney  to  Pumpkin  Biittes  and  the  sources  of  the 
Cheyenne  Kiver,  Dr.  Hayden  remarks  that  the  whole  region  from  the 
Platte  to  Pumpkin  Butte  is  covered  with  the  true  liguite  formation,  cou- 
taining  numerous  beds  of  liguite  more  or  less  pure.  The  section  of  the 
bnttest  is  remarkably  like  that  of  the  Gehruug  coal  iu  Colorado,  with 
conglomerate  beds  at  its  top,  uuderlaid  by  alternate  layers  of  impure 
lignite,  clay,  and  thin  beds  of  saudstoue,  the  whole  measuring  428  feet. 
The  section  at  Gehruug's  is  426  feet.  After  this  are  seen,  sloping  down 
to  Powder  Eiver,  similar  rocks  with  some  thick  beds  of  lignite,  from  G 
to  8  feet  in  thickness.  Near  the  junction  of  Snake  River  we  lind  in  the 
same  report  the  Tertiary  beds  prevailing  to  a  gn^at  extent,  and  in  a 
section  of  80  feet  six  or  eight  seams  of  impure  lignite  which  has  ignited 
in  several  places. 

Mturckf  1858. — Proceedings  Acad.  Nat.  Sci.,  Phil. :  Description  of  new  organic  re- 
mains from  Nebraska.    (Meek  and  Hayden.) 

June,  1858. — Loc\  cit. :  Explanations  of  a  second  edition  of  a  geological  map  of  Ne- 
braska and  Kansas,  &c.    (F.  Y.  Hayden.) 

NofPtmhrr^  185ti.— Report  on  collections  obtained  by  the  expedition  under  command 
of  Lieutenant  G.  K.  Warren.    (F.  V.  Hayden.) 

DeLtmber,  1858.— Proceedings  Acad.  Nat.  Bci.,  Phil. :  Remarks  on  Cretaceous  beds  of 
Kansas  and  Nebraska,  &c.    (Meek  aud  Hayden.) 

January^  1859. — Trans.  Saint  Louis  Acad. :  On  the  so-called  Triassic  rocks  of  Kansas 
and  Nebrasksi.    (Meek  and  Hayden.) 

December,  1858.— Proceedings  Acad.  Nat.  Sci.,  Phil. :  Remarks  on  the  lower  Creta- 
ceous beds  of  Kansas  and  Nebraska.    (Meek  and  Hayden.) 

January,  1859. — Loc.  dt, :  Geological  explorations  iu  Kansas  Territory.  (Meek  and 
Hayden.) 

Jday,  1860. — Loe.  Ht :  Description  of  new  organic  remains  from  the  Tertiary,  Cre- 
taceous, and  Jurassic  rocks  of  Nebraska.    (Meek  and  Hayden.) 

Odobrr,  18(>0. — Loc,  cit. :  Catalogue  with  synonyma,  &c..  of  the  fossils  collected  in 
Nebraska  by  the  exiUoring  oxpeiUtion  under  Lieutenant  G.  K.  Warren.  (Meek  and 
Hayden.) 

Jamnary^  1860. — Am.  Jour.  Sci.  and  Arts. :  On  a  new  genus  of  Patelliform  sheila 
from  the  Cretaceous  of  Nebraska.    (Meek  and  Hayden.) 

March,  18C1. — Loc  cit, :  Sketch  of  the  geology  of  the  country  of  the  head- waters  of 
the  Missouri  and  Yellowstone  Rivers.  (F.  V.  Hayden.)  Followed  iu  December,  1861, 
in  Proo.  Acad.  Nat.  Sci.,  Phil.,  by  descriptions  of  new  species  of  fossils  collected  in 
the  same  exploring  expedition  of  Captain  W.  F.  Raynolds.    (Meek  and  Haydeu.) 

*  Loc.  cit.,  p.  59. 

t  Loc  ciL,  p.  /3. 
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The  geological  notes  of  Dr.  0.  M.  HineB,  in  the  esme  repocii' tteatUm 
beds  of  lignite  in  a  namber  of  sections  in  the  same  ooant^ ;  'the  tUek- 
nesft  and  quality  of  the  material  are  not  given.  He  saya,  however,  of  the 
beds  on  Tnllock'd  Greek,  that  Uie  lignite  in  tiiis  vioinity'  approMhes 
more  nearly  to  coal,  and,  the  beds  increase  in  depth ;  of  those  of  Olear 
Fork  of  Powder  Biver,  tiiat  the  outcrop  of  lignite  is  of  better  qaality 
than  any  before  seen,  and  that  for  some  distmoe  above  the  flist  oamp 
on  the  Olear  Fork  to  the  junction  with  Powder  Biver  proper,  there  is  a 
thick  ontcrop  of  lignite  of  the  depth  of  6  foet  and  npwm,  somewhat 
resembling  Onmberland  coal,  but  of  looser  texture  and  containinf  less 
bitumen.  Eight  miles  below  the  camp,  this  coal  was  seen  to  be  ob  flre. 
Ck>nsiderable  smoke  issued  therefirom,  having  a  strong  snlphinoas  amelL 
<*  The  heat  at  this  point  was  so  intense  that  we  could  not  sfauid  with  eom- 
fort  within  20  feet  from  whence  the  smoke  issued.  A  thick  ia^er  of 
sandstone  lying  immediately  above  it  was  completely  caldned." 

Passing  from  the  northern  part  of  the  Lignitic  to  its  southern  division^ 
extending  along  the  base  of  the  Booky  Mountains  fitnn  the  Black  Httls 
to  New  Mexico,  we  have,  especially  on  the  lines  of  the  different  nil* 
roads,  detailed  records  on  the  coal-strata,  mostly  made  with  care  by 
competent  geologists.  I  have  already  quoted  the  most  intereetiBg  m 
these  reports:  Notes  on  the  Geology  from  Smoky  Hill  Biver  to  Bio 
Grande,  by  Dr.  John  Leconte,  February,  1862,  soon  followed  by  tiie 
preliminary  report  of  Dr.  F.  V.  Hayden^  on  the  United  States  Geology 
ical  Sarvey  of  Colorado  and  New  Mexico,  1869.  As  my  own  explora- 
tions have  been  directed  on  aixmt  the  same  ground  surveyed  by  these 
geologists,  I  shall  now  make  use  of  my  own  notes  on  the  distribution  of 
the  coal,  nsing,  however,  former  reports,  either  for  comparison  or  toti 
references  for  the  sections  of  country  which  I  have  not  visited. 

§  2.  The  Nbw  Mexioo  Lxghitio  BAsm. 

In  the  Eaton  and  sonth  of  these  mountains,  Dr.  F.  Y.  Hayden*  men- 
tions, near  the  toll-gate  sonth  of  Trinidad,  a  bed  of  coal  4  feet  thick,  of 
excellent  qnality.f  Near  the  Yermejo  Creek,  six  beds  of  coal  are 
marked  in  a  section  of  the  same  report,  one  of  the  beds  from  6  to  10 
feet  thick,  and  another^  the  lowest,  4  feet.  Dr.  Hayden  remarks  that 
the  coal  of  that  vicinity  is  equal  to  any  ever  discovered  west  of  the 
Missouri  River,  except  that  of  the  Placiere  Mountains  of  New  Mexico. 
Of  this  last  bed,  which  has  been  partly  transformed  into  anthracite  by 
the  immediate  contact  of  a  large  dike  of  volcanic  rocks,  this  geologi^ 
gives  a  detailed  section,  marking  its  thickness  at  5  to  6  feet  on  the 
northwest  side  of  the  Placiere  Mountains,  at  a  distance  from  the  dike 
and  where  the  lignite  has  not  as  yet  been  disturbed  and  changed  by 
heat.  At  another  place  in  contact  to  the  dike,  the  lignite  (anthracite) 
is  a  little  more  than  3  feet  thick.  Of  this  same  bed  Dr.  Leconte  has  a 
8ec;tion  (he.  cit)  indicating  4  fec^t  of  anthracite,  with  a  lower  bed  of  the 
same  material,  of  which  14  inches  only  conld  be  seen,  the  bottom  being 
covered.  In  his  report,  too,  for  the  survey  of  the  Union  Pacific  Bail- 
way,  the  same  geologist  mentions :  First.  A  bed  of  lignite  3  feet  thick, 
4  miles  south  of  the  toll-gate  of  the  Raton  Pass.  Second.  Another  bed, 
8  feet  thick,  five  miles  southwest  of  the  same  place.  Third.  The  lignite- 
beds  of  ^he  Yermejo  Canon,  visited  with  General  Palmer,  where,  in  a 
section  of  275  feet,  we  find  marked  two  beds  of  partly  poor  coal, 
respectively  10  and  15  feet  thick,  and  two  beds  of  excellent  lignite,  each 

*  Geological  Report,  1869. 

t  This  coal  is  also  reported  by  Dr.  Leconte ;  Notes  on  the  Geoloflcyy  Ao^  p,  81. 
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5  feet  thick,  separated  only  by  10  inches  of  slate.  Goal-beds  of  the 
some  kind  are  seen  in  the  same  vicinity:  in  Blackmore  Caiion, 
where  the  lignite,  not  fully  exposed,  is  rei>orted  10  feet  thick,  and  in 
the  Bremer  Canon,  immediately  sonth  of  the  Yermejo  Valley,  where  a 
number  of  outcrops,  mostly  obscured  by  land-slides,  were  seen,  indicating 
at  least  4  feet  of  good  coal.  Fourth.  Lignite-beds  in  the  valley  of  the 
Bio  Pnerco,  twenty-eight  miles  southwest  of  Albuquerque,  with  an 
exposure  of  5  feet.  Fifth.  The  lignite-beds  from  'which  the  fuel  for 
Fort  Craig  is  obtained,  nine  miles  east  of  Don  Pedro,  whose  section 
indicates  a  thickness  of  5^  feet  of  coal  with  two  clay-partings  of  3  ioches. 
Besides  this,  Dr.  Leconte  was  informed  that  a  good  bed  of  coal  exists 
near  the  town  of  Limitar. 

General  W.  M.  8.  Palmer's  report  of  surveys  across  the  continent  in 
1867  and  ISGS  completes  the  records  on  the  distribution  of  the  lignite- 
beds  south  and  west  of  the  Baton  Mountains  by  the  following  informa- 
tions: The  coal  of  Tijeras  Caiion,  at  a  short  distance  northeast  of  the 
town,  has  been  found  4^  feet  thick  and  traced  by  Mr.  Holbrook,  division 
engineer,  for  a  distance  of  2,000  feet  by  sinking  small  shafts  along  the 
vein.  A  valuable  seam  has  been  discovered  near  San  Felipe,  (thickness 
not  indicated,)  within  twelve  miles  of  the  Bio  Grande.  Coal  also  is 
reported  in  the  Pecos  Valley,  five  miles  above  Antou-Chico.  On  the 
Cimarron  route  of  the  railroad  a  large  vein  of  coal,  apparently  14  feet 
thick,  has  been  reported  by  Dr.  Steck,  and  at  a  number  of  places,  similar 
coal  or  lignite  beds  are  mentioned  in  the  same  rei)ort,  without  indicatitm 
of  thickness.  On  both  sides  of  the  Bio  Grande,  numerous  beds  of 
lignite  (named  bituminous  coal)  are  found  near  Doiia  Alia  and 
Mesilla,  and  others  still  are  reported  west  of  the  Bio  Grande,  one  three 
hnndred  miles  from  Albuquerque,  by  Dr.  Newberry,  who  saw  near 
the  Moqni  villages  a  bed  12  feet  thick ;  another  by  Dr.  Parry,  who 
saw  a  bed  4  feet  thick  on  the  Zuni  Pass,  near  Pescado  Springs;  and 
still,  by  the  same  geologist,  many  beds  of  lignite  about  thirty  miles 
west  of  the  Bio  Grande,  in  the  Sarociuo  Canon,  varying  in  thickness 
from  3  to  4  feet.  A  number  of  localities  where  lignite-coal  has  been 
reported  on  the  ditt'erent  lines  proposed  for  the  railroad  are  still  men- 
tioned in  General  Palmer's  report.  But  this  already  gives  us  sufiicient 
proof  of  tlie  productiveness  of  the  great  Lignitic  south  of  the  Baton 
Mountains,  an<l  in  countries  still  unexplored  where  the  mineral  deposits 
are  as  yet  mostly  unknown. 

The  lignite-beds  in  the  vicinity  of  Trinidad  have  as  yet  been  scarcely 
opened.  Some  coal  is  hauled  to  the  town  from  the  base  of  the  Baton 
Mountains,  on  the  road  of  the  Baton  Pass,  where,  as  already  reported  in 
section,  the  lowest  beds  have  a  thickness  of  4  feet  or  more.  According 
to  the  information  received  from  i)ersons  well  acquainted  with  the 
conntry,  there  is  a  great  deal  of  coal  all  around  the  town ;  so  much, 
indeed,  that  everybody  can  take  it  and  haul  it  for  their  own  use  when- 
ever they  like  and  without  paying  for  it.  As  there  is  still  an  abundance 
of  wood,  pine  and  juniper,  in  the  country,  and  a  limited  population 
without  railroads,  the  demand  for  coal  is  very  limited  indeed.  But 
there  is  for  the  future  a  reserve  which  already  demands  careful  investi- 
gations and  a  sagacious  investment  of  money,  especially  by  the  com- 
panies of  railroads  in  process  of  construction  to  the  south.  This  is 
especially  the  case  in  regard  to  the  Lignitic  deposit  overlaying  the 
Eocene  sandstone  firom  Trinidad  to  the  foot  of  the  Spanish  Peak.  A 
number  of  beds  of  lignite  have  been  already  reported  from  this  basin  ; 
near  Gray's  ranch,  a  stage-station ;  near  Chicosa,  twenty  miles  north 
of  Trinidadi  &c.y  &c.    The  coal  there,  being  considered  as  of  no  value 
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whatever,  baa  not  been  looked  flir,  md  fho  nnmeroM  oaterops  veaarkMl 
in  the  hills  haT6  not  been  tesled.  ^DieHgDiteofthispartof  tbeoMiitry 
appears,  however,  of  lemavkably  good  qoaUty,  even  lieherineuiKNi 
than  the  Baton  ooal,  and  compact  enoadi  to  give  good  hard  eiAe^  bj 
distillation,  an  important  qoaltty  wbieb  baa  not  as  yet  been  leeogniaed 
in  any  of  the  Tertiaiy  lignite,  ezoqit  in  the  Pladefe  anthiadta.  The 
analysis  of  the  lignite  of  Obioosa  is  given  heteafter  in  a  oonparativ% 
table. 

In  resuming  the  rraiarks  on  the  lignite  of  ttie  ooontry,  it  ia  alloired 
to  condnde  that  from  positive  evidenoe  there  Is  along  a  nearly  dfiMt 
line  from  PneUo  to  Santa  F6,  and  for  a  distance  of  m<MPe  thw  three 
hundred  miles,  such  a  richness  of  combustible  mineml  in  the  Booeaa 
lignite-beds  as  may  be  suflBoient  for  the  itatnre  demands  of  a  large 
IK)pnlation.  The  supply  of  coal  on  that  line  can  be  considered  Izom  all 
appearances  as  inexhaustible. 

§^3.  The  Golobabo  Inajxmc  BiBor,  fbox  Pueblo  to  Ohbtbhmbl 


A  separated  number  of  this  great  basin,  or  rather  an  isolated 
spared  by  the  work  of  denudation  along  the  base  of  the  Bocky  Ifeiint- 
ains,  is  the  small  Ugnitic  basin  in  the  Arkansas  Valley,  east  of  OaSoB 
City.  Its  exact  pioductiveness  is  not  as  yet  ascertained.  Tba  report 
of  Mr.  Nelson  Clarke,  already  noticed,  says  that  the  CQal-yieMioir  rodca 
contain  at  least  nine  seams  of  lignite,  varying  in  thickness  from  6  inches 
to  8  feet:  <Hwo  seams  at  the  south,  dose  to  the  range,  are  respe^Avely 
6  and  7  feet  thick  and  but  50  feet  apart;  at  the  north,  on  the  river^  tbqr 
are  but  2  and  4  jfeet  thick  and  at  least  150  feet  apart.''  The  lowest  of 
these  seams  of  coal  is  known  as  the  Gallon  City  coal,  now  the  land 
property  of  the  Colorado  Improvement  Company.  The  coal  is  51  inches 
thick,  black,  compact,  uniform  in  color  and  compound,  separating  in 
large  cabic.blocks  by  cleavage,  and  from  apiieamnce  not  liable  to  dkiin- 
tegration  by  atmospheric  influence.  This  coal  was  already  known  and 
in  demand  ibr  blacksmiths  even  at  Denver,  though  before  the  build* 
ing  of  the  Denver  and  Bio  Grande  Bailroad,  the  cost  of  trausporta* 
tiou  was  very  high.  When  I  passed  the  place  the  branch  of  the  rail- 
road  from  Pueblo  to  Cailon  City  was  not  yet  finished  and  the  lignite 
was  hauled  to  Pueblo  for  the  use  of  the  railroad  at  the  cost  of  $5  per 
ton.  Kow  it  is  already  shipped  from  the  newly  opened  mines  at  the 
rate  of  abont  one  hundred  and  fifty  tons  iier  diem.  Borings  are  in  pro- 
cess at  different  places  to  ascertain  the  thickness  and  continuity  of  the 
veins.  From  what  is  known  as  yet,  this  small  basin  has  a  productive 
capacity  which  will  afford  combustible  materials  for  a  length  of  Unie. 

Tbe  bed  of  lignite  formerly  mentioned  as  the  Gehrung^  coal,  at  the 
base  of  tbe  Colorado  pinery,  does  not  promise  well  for  future  demand. 
It  is  too  tbiu,  only  2  feet  thick,  too  friable,  and,  as  worked  now,  the 
mine  is  subject  to  inundation  in  high  water.  It  can,  however,  be  found 
improving  In  thickness  and  quality  to  the  south,  where  shafts  could  be 
sunk  at  a  distance  from  the  river.  But  abundance  of  combustible  ma- 
terial is  now  easily  and  cheaply  procured  by  railroad,  and  the  oost  of 
building  a  shaft  and  of  working  the  coal  would  be  above  the  value  of 
lignite  of  interior  quality  from  a  bed  less  than  4  feet  thick. 

The  Eocene  formation  so  largely  developed  along  the  Bocky  Mount- 
ains, from  the  North  Fork  of  Platte  Biver  to  Cheyenne,  will  be  for  a  long 
time  to  come  the  essentir.l  mngozine  of  combustible,  whereirom  an 
abundance  of  excellent  materials  will  be  supplied  to  the  railroads,  and 
^he  already  large  population  of  the  country.    If  some  of  the  opened 
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veins  do  not  yield  now  as  largely  as  it  was  at  first  expected,  the  reason 
is  especially  in  the  want  of  good  management  in  the  mining,  provoked 
by  unprofitable  working.  Here,  as  everywhere,  coal  mines  have  been  at 
first  considered  by  the  proprietors  as  true  gold-mines,  whose  posses- 
sion was  to  bring  immediately  splendid  profits  by  exploitation.  Lignite- 
beds  have  been  opened  everywhere,  even  far  from  a  good  market, 
and  against  great  difficulty  of  transportation,  &c.  For  many,  the 
resnlt  has  been  disappointment,  neglect  of  the  working  of  the  veins, 
and  even  their  total  abandonment.  Now  railroad  branches  have  been 
built  or  are  in  process  of  construction  from  Denver,  or  from  the  Denver 
and  Pacific  Kailroad  to  the  most  important  coal-deposits.  The  supply, 
i^ready  fully  equal  to  the  demand,  is  increasing  everyday;  and  if  noth- 
ing is  done  by  the  proprietors  to  moderate  it,  they  may  find  a  new  cause 
of  loss  in  the  superabundance  of  coal  mined  for  an  overstocked  market. 
This  excitemeut  might  be  dangerous  for  the  future,  if  the  lignite-beds 
already  oi)eued  or  worked  were  not  thick  and  over  extensive  areas. 
But  what  is  known  of  the  productiveness  of  the  Lignitic  measures  of 
this  country  indicates,  indeed,  an  immense  reserve  of  combustible  ma- 
terials. 

Most  of  the  lignite-beds  exposed  along  the  creeks  of  this  section 
have  been  tested.  Dr.  Hayden*  notices  a  coal-bed  opened  and  worked 
to  some  extent  near  the  canon  of  the  South  Platte,  and  two  beds  now 
covered  with  loose  materials,  in  all  5  feet  of  lignite  separated  by  2  feet 
of  ciay.    The  coal  is  not  very  good,  and  has  not  been  used  for  years. 

Going  north,  and  before  reaching  Oolden  City,  the  first  coal- vein  seen 
opened  is  at  Wheeler  and  Johnson's  mines,  near  Green  Mountains, 
one  mile  east  of  Mount- Yemon.  The  coal  is  7  feet  thick ;  not  of  very 
good  quality.  Then,  three  miles  east,  the  liowe  coal-bank,  G  feet  thick, 
of  a  better  quality  than  the  former.  This  vein,  which  is  noticed  in  Dr. 
Hayden's  rei)ort,  1869,  dips  east  07^;  is  ver^' accessible,  and  not  troubled 
with  much  water.  It  has  furnished,  up  to  1868,  about  two  hundreil  and 
fifty  tons  of  co.al,  but  is  now  idle  for  want  of  good  connnunicatiou.t  The 
coal- veins  of  Grolden  City,  three  miles  north  of  the  Howe  miues,  are  now 
opened  at  five  difi'erent  points,  the  lignite-beds  varying  in  thickness 
from  5  to  n,  even  to  14  feet.  On  the  shaft  near  the  railroad  line,  the 
coal,  7  to  11  feet  thick,  is  nearly  vertical.  Half  a  mile  from  this,  another 
shaft  70  feet  deep  works  the  same  bed,  also  nearly  vertical,  0  to  11  feet 
of  solid,  very  good  coal.  This  vein  of  coal  has  been  traced  and  opened 
from  Rowe's  coal'bank,  five  miles  southwest  of  Golden,  to  a  point  seven 
miles  north  of  Golden,  and  tapped  in  eleven  diiferent  points  without 
discovering  as  yet  any  appearance  of  failure  in  the  vein.  In  what  is  called 
the  Golden  City  coal-mines,  the  vein  is  opened  at  three  difi'erent  places,  9 
to  14  feet  thick,  and  has  been  worked  continuously  since  1865.  It  was 
discovered  1861-62.  The  mines  have  furnished  as  yet  about  eight 
thousand  tons  only,  and  are  worked  at  an  average  of  thirty  tons  a  day. 
The  dip  varies  from  65^  to  71°  southwest. 

At  the  Johnson's  coal-mine,  half  a  mile  southwest  of  Golden,  the  vein 
is  mined  0  feet  thick,  to  a  depth  of  90  feet.  And  at  Welsh  &  Com- 
pany's coal-bank,  one-third  of  a  mile  south  of  the  former,  the  vein 
work^  is  5  to  7  feet  thick ;  dip,  71^  southwest ;  and  five  veins  of  lignite 
are  seen  there  parallel  to  one  another  and  of  various  thicknesses. 

Following  northward  the  same  lignite-strata,  which,  as  said  above, 

*  Bapovt,  1869,  pases  37  and  38. 

tllieM  procine  ana  valnable  informatioDS  on  tbo  lignite-beds  of  Golden  and  of  the 
oonntiy  axooiMl  are  due  to  the  kindness  of  Mr.  £.  Bertboad,  civil  engineer  at  Golden. 
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have  been  tested  and  reoogMfeed  cdntfmioiM,  me  find  theoi  -efMitfl  im 
the  Balston  Greek,  at  Mnr[«y^  five  tnile«  north  of  Okldeo',  wh^  fU 
vein,  nearly  verticaL  averMee  in  thickness  16  feet  of  solid  obal  irKhd^fc 
parting  of  any  kino.  Eighteen  thoosaiid  terns  of  lignite  haft'lMeii 
taken  from  this  mine  since  it  was  opeMd. 

Half  a  tnile  south  of  Murphy's,  the  Mineral  Land  Company  htoMebM 
the  same  vein,  9  feet  thick,  also  without  parting,  bat  contottM'iiJ'itB 
uplift '  The  lignite  is  of  the  same  qnalitiy,  but  the  bed  has  not  jtt^eeii 
worked  to  any  extent  - ;  mc    > 

North  of  Balston  Greek  to  Marshfdl,  the  lignite  Is  not  worke^^nd^. 
But,  as  it  has  been  already  remarked,  in  the  banks  of  all  tb^  idrteki 
which,  descending  flx>m  the  mountains,  have  dug  theitr  beds  flmpMh 
the  Eocene  formation,  beds  of  -lignite  varying  in  thickness  ftosn  0 16 
9  feet  are  exposed ;  some  of  them  alrimdy  tested  have  been  wbrlEMl 
formerly  to  some  extent  The  conclusion,  therefore,  on  the  cWtiftttitgr 
of  the  Lignitto  basin  ftom  south  ci  Golden,  even  from  the  North  Platte 
to  Boulder  Greek,  is  fully  wananted.  It  is,  in  a  direct  line,  a  HbMiiate 
of  fifty  miles,  and  even,  as  beds  of  lignite  have  been  reportied'  ftbioi 
Thomson  Creek  and  Gacha  la  Poudre  Eiver,  the  continuity  of  the  LtkAi^ 
beds  may  be  admitted  for  fifteen  to  twenty  miles  ftarther  north.  The  ex- 
tent of  the  basin  from  east  to  west,  or  its  width,  is  not  as  yet  iiMMT- 
tained.  In  the  space  limited  between  the  primitive  rocks  attd'tfa^ 
basaltic  dike,  where  the  strata  are  thrown  up  nearly  perpendicuhlr,  tiie 
amount  of  coal  can  be  computed  only  from  the  depth  attainable!  id  'the 
working  of  the  mines.  The  length  of  this  area  from  the  Bowe  inffM  to 
Goal  Greek  is  about  fifteen  mUes.  Thence  northward,  as  the  itbeHlh 
take  their  normal  horizontal  position,  the  lignite-beds  appMr  to  be 
continuous  from  the  base  of  the  mountains  to  the  Platte,  or  for  4botit 
fiiteen  miles  from  west  to  east  £  have  no  doubt  that  beds  of  Ifgttite 
can  be  found  further  east  by  shaft,  as  they  have  been  found  east  of 
Denver,  on  the  Kansas  Pacific  Bailroad.  But  as  the  quality  of  the 
lignite  deteriorates  in  proportion  to  the  distance  from  the  mountains, 
the  combustible  mineral  would  be  there  of  little  value,  especially  while 
an  immense  amount  of  lignite  of  good  quality  is  as  yet  untouched  in 
the  valley  of  Boulder  Creek.  The  section  at  Marshall's  indicates  63  feet 
of  coal  in  a  thickness  of  500  to  600  feet,  seven  of  'the  beds  varying  in 
thickness  from  4  to  14  feet,  the  lowest  one  now  worked,  10  feet  l^ea 
from  Marshall's  estate  little  coal  has  been  taken  out  till  now,  on 
account  of  the  diflQcnlty  of  transportation.  From  information  kfodly 
given  by  the  proprietor,  the  mining  amounts  to  about  twenty-five  tons 
per  (lay,  while,  with  the  facilities  of  ^ilroad  transportation,  th^  Satte 
mine  could  be  worked  in  a  way  to  flmnish  at  least  three  hundred  'tons 
per  day.  Most  of  the  coal  of  this  country  is  obtained  fit>m  tfte  Erie 
mine,  fourteen  miles  southeast  of  Marshall's,  where  the  bank  is  8  to  lO 
feet  thick.  The  land  is  the  property  of  the  Kansas  Pacific  Bailroad, 
\^liicb  has  a  branch  railroad  to  Boulder  Gity,  and,  of  course,  preserves 
the  monopoly  of  transportation.  They  take  out  of  the  mine  an  average 
of  two  hundred  tons  daily.  A  railroad  is  now  in  progress  of  construc- 
tion from  Jnlesbnrfi:h  to  Golden,  traced  through  the  rich  Lignitic  depos- 
its of  the  Boulder  Valley,  and  passing  three  miles  east  and  north  of 
Mnrsliall's.  This  railroad,  of  course,  will  change  much  the  proportion  of 
coal  mining  from  different  localities  where  lignitic  coal  is  obtained, 
bringing  to  market  the  material  iu  quantity  relative  to  its  quality. 

The  lacility  of  transportation  may  not  be  at  first  an  advantage  to  the 
proprietors  on  account  of  the  greater  competition  in  the  market,  the 
demand  as  yet  not  being  considerable  enough  to  justi^  exploratiotts  erf 
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large  extent  The  consumption  firom  Denver  and  cities  around  is  esti- 
mated at  about  four  hundred  tons  per  day.  The  lignite-bank  of  Erie 
VAIL  supply,  for  an  indefinite  time,  the  demand  of  the  Kansas  Pacific 
Bailroad,  while  the  Denver  and  Bio  Grande  Kailroad  has  now  a  full 
supply  from  the  Caiion  City  coal-bed,  and  a  large  overplus  left  for  the 
Denver  market  or  any  other  on  its  Une. 

It  is  evident,  therefore,  that  there  is  for  the  present  more  danger  of  a 
glutted  market  than  of  a  scarcity  of  combu8til)le  material,  and  that  for 
the  future  the  settlements  in  the  valley  of  the  Rocky  Mountains,  and 
especially  along  their  eastern  base,  may  rely  on  a  peroiauent  and  cheap 
supply  of  coal.  I  should  admit  the  same  conclusion  even  in  considering 
that  the  settlements  along  the  Kansas  Pacific  Eailroad  from  Den- 
ver to  the  limits  of  Kansas  will  have  to  get  their  fuel  from  the  same 
source.  The  estimate  in  tons  of  the  average  productiveness  of  a  bed  of 
bituminous  coal  of  the  old  measures,  is  generally  marked  at  one  million 
of  tons  per  foot  of  thickness  in  one  square  mile.  Counting  a  single  bed 
of  lignite  of  the  Boulder  Valley  at  9  feet  thick,  extended  over  a  surface 
of  only  twenty-five  square  miles,  what  should  we  find  t  Deducting  one- 
fifth  for  difference  in  density  between  bitumiuous  and  lignite  coal,  or 
admitting  only  eight  hundred  thousand  tons  per  foot  of  thickness  in  a 
square  mile;  deducting  still  from  this  amount  one-halt'  for  drawbacks 
in  mining,  the  result  would  be  four  hundred  thousand  tons  per  foot  of 
lignite  in  a  square  mile,  or  for  9  feet  three  million  six  hundred  thou- 
sand tons,  and  in  an  area  of  twenty-five  square  miles,  ninety  millions  of 
tons  obtainable  from  a  comparatively  limited  extent  of  the  Lignitic  basin. 
Though  I  believe  that  this  estimate  is  below  the  reality,  calculations  of 
this  kind  can  never  be  positively  reliable,  and  should  be  admitted  with 
due  caution.  It  is,  however,  of  the  greatest  importance  for  the  pro- 
prietors, and  for  the  consumers  too,  to  positively  know  the  capacity  of 
the  lignite-beds,  in  order  to  regulate  the  mining,  and  to  fix  rales  of 
price  lulvantageous  to  both  parties. 

§  4,  The  Lignite-Defosits  along  the  Union  Pacifio  Bailboad 

FKOM  Cheyenne  to  Evanston. 

The  distribution  and  capacity  of  the  lignite-beds  of  this  section  have 
been  reporte<l  ali'eady  in  considering  the  geological  distribution  of  the 
Eocene  formation.  The  essential  supply  of  coal,  either  for  the  railroad 
or  for  the  demand  along  its  line,  has  been,  and  is  still,  obtained  from 
Carbon,  Bock  Springs,  and  Evanston.  The  beds  of  lignite  at  Carbon 
are  distributed  in  three  separate  biisins  of  limited  extent.  Two  of 
these  have  furnished  already  abundant  materials,  being  mined  since  the 
beginning  of  the  construction  of  the  railroad.  No  data  have  been 
obtained  sufiUciently  precise  to  allow  an  estimate  of  the  productive 
capacity  of  the  Lignitic  strata  there  still  obtainable  for  exploitation. 
Tlie  superintendent  of  the  mines  remarks  that  the  coal  is  difiieult  to 
work,  being  unreliable  and  cut  by  faults  and  irregularities.  Moreover, 
the  mine  has  been  ignited  by  spontaneous  combustion  of  the  slack  coal, 
and  been  on  fire  for  a  length  of  time.  Now  the  amount  of  coal  obtained 
£rom  Carbon  is  about  three  hundred  tons  daily. 

At  Bock  Spring  the  vein  of  lignite  is  still  thicker  than  at  Carbon, 
and  the  material  of  very  fine  quality.  It  has  been,  and  is  now,  miuea 
in  the  «ame  proportion  as  at  Carbon.  The  productive  capacity  of  this 
basin  ia  still  very  great,  especially  considering  the  amount  of  coal  which 
could  be  obtained  from  lower  beds  by  shafts.  The  area  covered  by  the 
vpper  bed  ia,  however,  limited,  and  as  this  bed  is  now  mined  by  three 
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different  companies,  the  supply  of  its  excellent  mftteriid  cannot  be  relied 
upon  for  a  great  length  of  time. 

At  Evanston  the  enormons  thickness  of  the  coal  seems  to  promise, 
for  many  years,  an  abundant  supply  of  materials.  But  here  the  thick- 
ness of  the  clay-partings  and  the  dip  of  the  beds  cause  great  diffi- 
culty of  mining.  A  part  of  the  bank  has  to  remain  for  roof*,  aootber 
part  is  lost  by  slack  in  the  separation  of  the  parting,  and  this  bed,  which 
is  also  of  limited  extent,  has  to  supply,  on  one  side,  the  Union  Paciflo 
Company,  by  the  Wyoming  Company,  and  on  the  other,  the  Central  Pa- 
cific Kailroadto  San  Francisco,  by  the  Kocky  Mountain  Coal  and  Iron 
Company.  This  last  company's  mining  amounts  to  five  bunded  tons, 
per  day  in  the  average ;  that  of  the  other,  to  three  hundred  tons. 
Besides  this,  beds  of  lignite  have  been  opened  by  private  enterprise  at 
divers  places,  and  are  worked  to  a  limited  extent,  especially  at  Blade 
Buttes  and  Hallville.  These  and  the  already  reported  lig^nite-beds  of 
Point  of  Bocks,  Creston,  and  Washakie,  promise  some  further  saiqriy 
for  the  future,  and  I  have  no  doubt  that  a  number  of  valuable  deposits 
may  be  still  discovered  in  the  Lignitic  basin  at  a  short  distance  and  oa 
both  sides  of  the  railroad.  It  is,  nevertheless,  certain  that  if  the  eosl 
is  not  carefully  husbanded  along  the  Union  Pacific  liailroad,  there  wfll 
be  great  difiiculty  of  obtiuniug  a  large  supply  in  a  short  time  to  comei 
The  present  production  of  the  mine  of  the  Wyoming  Coal  Company  ii 
about  ten  thousiind  tons  per  month,  while  the  consumption  of  ooal  1^ 
the  Union  Pacific  Bailroad  averages  about  ninety  thousand  tons  par 
year. 

§  5.  C077CLXJDING  Remarks. 

The  loss  of  materials  by  mining  the  lignite-beds  of  the  Bocky 
Mountains  is  esjx'cially  caused — 

1st.  By  the  diflicnlty  of  suflicient  roofing,  on  account  of  the  scarcity 
and  of  tbeliifxh  price  of  the  timber  used  for  that  purpose.  At  Rock 
Spring,  a  post  six  feet  long  by  four  inches  in  diameter  costs  ove  dollar. 

LM.  l)y  the  want  of  good  reliable  miners,  wbocnnnot  be  induced  to  go 
and  live  in  such  a  ronj;h  and  unsettled  country  but  by  a  higher  remu- 
neration comparatively  to  the  value  of  the  work. 

3d.  B3'  the  great  amount  of  slack,  caused  either  by  carelessness  in 
mining  ii  substance  less  hard  and  compact  than  true  coal,  or  by  disinte- 
gration from  the  walls  and  roofs  in  the  mines  under  atmospheric  in- 
tluence.  This  slack  or  small  coal  is  always  difiicnlt  to^dispose  of,  and 
dangerous  too,  being  subject  to  spontaneous  ignition,  either  in  the 
mines  or  out  of  then).  The  8U])erintendent  of  the  Carbon  mines,  Mr. 
Williams,  informed  mc  that  it  was  by  neglect  of  the  miners,  who  were 
on  a  strike,  and  during  his  absence,  that  the  slack  was  ignited  in  some 
part  of  the  mines,  which  have  continued  on  fire  ever  since. 

The  uncertainty  on  ac<*,ount  of  a  future  sufficient  supply  of  good  lig- 
nite along  the  line  of  the  Union  Pacific  Railroad,  and  the  ci>ustantly 
increasing  demand  of  this  material  for  the  Utah  settlements,  for  towns 
and  stations  along  this  railroad  from  Omaha  to  San  Francisco,  even  for 
the  California  markets  on  the  Pacific,  should  induce  researche-s  by  bor 
ings  and  detailed  explorations  for  the  discoveries  of  new  deposits  of 
lignite,  and  especially  a  more  careful  economy  in  mining.  The  im* 
provcment  of  the  quality  of  the  matter  and  the  disposal  of  even  its 
small  parts,  the  slack,  should  be  attempted  by  rci>eated  experiments. 

Exi)eriments  of  this  kind  have  been  made  long  time  ago  in  £urop^ 
and  the  small  coal,  which  by  atmosx)heric  influence  soon  becomes  \ok 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       369 

into  dast,  has  been  profitably  used  by  mixing  it  with  a  certain  proportion 
of  moist  clay.  The  same  method  has  been  tried  in  the  Lehigh  anthracite 
region  of  Pennsylvania,  where  the  coal  is  comparatively  of  fiir  less  value 
than  the  lignite  of  the  Bocky  Moontains,  and  large,  expensive  machinery 
has  been  erected  for  that  purpose.  As  yet  these  experiments  have 
proved  a  iaihire,  or,  at  least,  have  not  given  remunerative  resolts.  The 
mixing  of  clay,  or  of  any  oUier  mineral  incombustible  cement,  cannot 
improve  the  material,  especially  not  when,  as  is  the  case  with  the  lignite, 
the  heating  power  of  the  matter  in  its  purity,  is  not  always  as  strong 
as  required  by  enginery.  It  seems  very  probable^  however,  that  the 
admixture  of  bitumen  with  small  coal  either  pulverized  or  in  pieces  of 
moderate  size,  should,  by  compression  of  the  paste,  furnish  an  excellent 
combustible  material.  The  bitumen,^  of  course,  should  be  obtained  or 
reduced  to  the  consistence  of  a  kind  of  glue.  I  wonder  that,  with  the 
immonse  amount  of  bitumen  stored  in  the  black  shale  of  the  Oreen  Biver 
group,  no  trial  has  as  yet  been  made  by  some  company  for  the  applica- 
bility of  this  material.  Thick  beds  of  these  black  shales  are  exposed 
all  idong  the  railroad  from  Bock  Springs  to  Bryan  and  farther.  And 
some  of  them  are  impregnated  with  so  much  bitumen  that,  as  I  have 
said  already,  the  matter  is  percolating  from  them  through  the  under- 
lying sandstone.  Though  ttie  shales  do  not  consume,  tiiey  are  otten 
used  for  fuel  by  the  settlers.  The  coal  of  Elko  Station  was  for  a  time 
burned  in  locomotives  in  the  Utah  Valley,  and  this  coal  is  nothing  but 
black  shale  of  the  same  Green  Biver  formation.  A  few  experiments, 
which  would  cost  comparatively  little,  would  settle  this  important 
question,  and  I  truly  believe  that  the  result  would  be  successful  and 
would  confer  immense  advantage  on  the  people  at  large  interested  in  the 
coal-supply  of  the  Bocky  Mountains,  and  still  more  on  the  railroad  and 
the  instigators  of  such  an  enterprise.  Mature  has  done  nothing  in  vain ; 
this  truth  cannot  be  too  often  acknowledged.  This  bitumen  of  the 
black  shale  is  a  complement  of  the  as  yet  unfinished  work  of  the  lignite 
matter.  It  depends  on  the  ingenuity  of  man  to  render  it  what  it  should 
be,  fully  appropriate  to  the  wants  of  that  population  which  is  crowd- 
ing in*  that,  as  yet,  undeveloped  region. 

I  do  not  think,  however,  that  without  this  improvement  of  its  mat- 
ter, the  lignite,  as  it  is,  is  inadequate  to  the  present  necessity.  For  the 
Bocky  Mountains,  however,  the  present  is  nothing  in  proportion  to  the 
promised  future. 

In  comparing  the  value  of  the  lignite  for  heating  power,  a  great  number 
of  analyses  have  been  made,  and,  of  course,  the  results  arrived  at  have 
not  always  proved  reliable.  All  the  lignite,  and  the  coal,  too,  contain 
more  or  less  water,  in  a  degree  relative  to  the  progress  of  decomposition 
of  the  woody  matter.  In  proportion  as  this  decomposition  advances  the 
amount  of  water  diminishes,  and  the  compactness  of  the  coal  increases 
with  its  proportion  of  pure  carbon.  It  is  therefore  admitted,  as  a  general 
rule,  that  the  value  of  a  combustible  of  any  kind,  or  its  heating  prop- 
erty, is  proportionate  to  its  density.  The  density  for  the  combustible 
minerals  is  sometimes  increased  by  an  amount  of  earthy  matter,  easily 
recognizable  in  the  proportion  of  ashes.  In  our  lignite  of  the  West  this 
exceptionable  case  is  not  often  remarked,  and  the  lignite-beds  of  the  Bocky 
Mountains  generally  give  a  material  of  good  quality,  weighing  in  the 
average  one-fifth  less  than  the  best  coal  of  our  old  Carboniferous  meas- 
ures. Local  differences  are  remarked,  of  course,  but,  as  I  said  above, 
mostly  resulting  from  the  degree  of  carbonization  of  the  woody  substance 
which  appears  to  have  been  increased  by  the  influence  of  the  primitive 
rocks  according  to  their  proximity.    It  is  for  this  reason  that  the  quality 
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of  the  lignite  become  Impaired  at  a  gfeater  distanoe  ftom  fbe  momit- 
ains,  in  beds  of  the  same  age. 

The  comimDieB  and  proprietors  of  lignite-beds  make  constant  inquiries 
of  the  possibility  of  fedocing  or  smelting  iron  ore  with  their  eoaL  I 
think  that  this  oonld  be  done  with  lignite,  prodncing  good  hard  ooiro, 
which  then  conld  be  need  as  charcoal,  fiat  scarcely  any  of  the  lignites  of 
the  West  have  been  as  yet  so  far  deprived  of  water  that  their  balk  may 
be  left  compact  by  combnstion.  I  know  only  of  the  Plaeiere  aothrMile^ 
(lignite,)  and  of  the  Obicon  coal,  as  hariBg  given  such  result^  a&  the 
other  lignite  {^ves  dust^soke.  In  confirmation  of  this  assertioii-,'  nd  to 
end  this  snbject,  1  append  a  tew  analyses  made  from  qiecimens  ieleetod 
by  myself  as  representing  the  average  value  of  the  beds  where  -they 
were  obtained.  These  analyses  have  the  merit  of  being  carefuNy  made* 
all  with  the  same  process  and  by  the  same  chemist,  and  theremtl  oAer 
perfectly  relteble  points  of  comparison.  They  complete  the  table  of 
analyses  given  by  Mr.  James  T.  Hodge  in  his  excellent  p^Mir  on  the 
Tertiary  coal  of  the  Bocky  Mountains.  Put  in  (^position,  as  iSk&y  are 
here,  they  present  a  reliable  account  of  the  essential  compounds  nd  of 
the  comparative  value  of  the  more  important  deposits  of  our  western 
lignitic  coal.  It  is  to  be  regretted  that  no  more  care  is  given  to  the 
preparation  of  documents  of  this  kind.  Ckw^Murative  aouyses  should 
be  made  1^  the  same  chemist,  and  the  result  published  under  a  well- 
known  anthorityi  to  prevent  finuids  or  impositioas  by  the  publication  of 
misrepresented  or  often  fidse  statements. 

Atmljf9m  9f  6D«b  \%  Jfr.  C.  Lm  Mm9. 
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ItloiKTER  OF  Samtleb.— 1  a,  Carbon,  Union  Pacific  Bailroad  ;  1  c,  Carbon.  Union  Pacific  Itaflroad. 
2.  Rock  SpringH,  Union  Pacific  Raibroad ;  3,  FUteen  milea  north  of  Trinidad,  New  Mexico ;  4,  Canyon 
Cit  v,  Colorado  Territory ;  5,  Colorado  Springs,  Gehmng ;  6,  Raton  IConntaina,  New  Mexico. 

CoLUMBUB,  Ouio,  Janmmy  80-85, 1873. 

•Hardmetallia. 


*  By  a  young  friend  of  mine,  already  an  experienced  chemist,  Mr.  Leo  Mees,  of  Co- 
Inmbos.  The  analyses  were  made  in  the  laboratory  and  under  the  supervision  of  Pro- 
fessor Wormly. 
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Analysei  of  coals' fiam  the  Bopky  Mountain$  hy  J.  T.  Hodge, 


Iiooaliliea. 


Golden  CiW,  Cofondo  Territory, 
arerage  or  three  analvaes 

If  nrphy,  Salston  CreeK,  Colomdo 
Terriry,  average  of  three  analysea 

Harshall'e,  Boamer  County 

BHgga,  Boulder  Coauty 

Bakers,  Boolder Comity 

Carbon,  Wyomins  Territory 

Hallvilto,  Wyoming  Territory,  op* 
por  bea. 

HallriUe,  Wyoming  Territory,  low- 
er bod... 

Tan  Dyke,  Wyoming  Territory. . 

Roek  Spriiga,  Wvoming  Territory 

Bvanston,  Utah  Territory 

Cri8niaii'a,Coalrille,UtahTerritory 

Mount  Diablo,  California 


1.35 

1.345 
1.33 
L97 
L32 
LS3 

L38 

1.39 
1.87 
LS9 
l.UO 
1.32 


I 


lass 

13.81 
13.00 
14.80 
15.00 
0.80 

19L13 

laae 

8.12 
7.00 

a58 

10.60 

a28 


i 


3L91 

5.31 
&90 
3.40 
3.85 

aoo 

3.78 

4.87 
2.00 
1.73 
6.30 
3.11 
4.71 


I 


35.05 

35.88 
33.08 

30.50 
35.48 

29.75 

29.46 
36.65 
36.  Bl 
35.22 
38.28 
47.05 


^1 


46.57 

44.44 

4a  72 
47.30 
50.65 
4a  72 

54.87 

5141 
5a  23 
54.46 

4a  00 
4a  00 

4490 


Description. 


Gray  ash. 

Orange-colflgr  ash. 
Oray  ash,  light  bulky. 
Oraoge-color  ash. 
Olive-brown  ash,  hard  Sc  tongh. 
Light-gray  ash,  nearly  white. 

Gnj  ash,  smoke  whitish. 

Yellowish-gri^  ash. 
Light-gray  a^. 
Ligh^gray  ash-. 


ESUMEBATION    AJSTD   DESCRIPTION   OF    FOSSIL    PLANTS 
FBOM  THE  WESTEEN  TEBTIABY  FOBMATIONS. 

Sawth  Parhf  near  OasteWa  Ba/ng^. 

A  yellowish,  laminated,  soft  shale,  breaking  easily  and  splitting  in 
thin  layers.  Bemains  of  plants  well  preserved  and  distinct,  with 
remains  of  insects  and  feathers.  Specimens  collected  and  communicated 
by  Mr.  S.  A.  Allen. 

Ophioglosstjh  Alleni,  sp.  nav. 

Leaf,  elliptical,  narrowed  by  a  curve  to  the  acute  base ;  shorter  an^ 
broader  than  in  0.  vulgatunij  L.,  of  our  time,  with  the  same  areolation* 

The  leaf  is  about  3  cent,  long,  (point  broken,)  a  little  more  than 
2  cent,  broad,  marked  in  the  middle  by  the  remnant  of  a  fruiting 
pedicel.  No  fossil  species  of  this  genns  has  been  as  yet  published,  but 
a  small  one,  0.  ceocennmj  Mass.,  from  the  Tertiary  of  verona,  Italy. 

Thuites  callitetna,  Ung.^  chlor.j  p.  22,  PI.  vi,  Fig.  2. 

Though  the  fragments  are  small,  they  are  very  distinct,  and  there  is 
no  appreciable  difference  from  the  description  and  figures  of  this 
species.  The  same  specimen  bears  a  fragment  of  Balix  like  S,  lingu- 
latay  Gopp. 

Planeea  longifolia,  «p.  nor. 

Leaves  oblong,  lanceolate,  obtusely  pointed,  wedge-shaped  at  the  base 
to  a  petiole;  borders  simply  dentate;  secondary  veins  thick,  simple, 
craspedodrome. 

It  differs  from  Planera  Ungeri,  Ett.,  and  its  varieties,  by  longer,  pro- 
portionally narrower  leaves;  by  more  oblique,  straight,  always  simple, 
secondary  veins,  which  are  thicker  and  more  distant;  by  more  obtuse 
and  larger  teeth;  some  of  the  leaves  are  unequal  at  base  and  curved 
on  one  side.  Average  length,  4  cent.,  1^  cent.  wide.  The  distinct 
areolation  is  that  of  the  sjxecies  as  marked  in  Heer|  Fl.  Fert.  Helv.,  PI. 
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■ 

Ixxx,  Fig.  3.     The  fonn  is  fhat  of  Mjfrica  SdUeektendaUj  Heer^  Bom- 

staedt,  FL,  PL  i,  Fig.  7. 

Elho  StathHj  Nevada. 

Specimens  on  the  same  kind  of  soft  laminated  clay  shale  as  the 
former;  collected  and  commanicated  by  Mr.  S.  W.  Oanman. 

Leaves  short,  narrow,  linear-pointed,  ei'ect,  or  slightly  appressed  all 
around  the  branches,  decarring  at  base. 

It  is  much  like  the  small  fonps  of  Taxodium  dubiun^  as  fignr^  by 
Ett,  Bil.  Fl.,  PI.  xii,  Figs.  3, 14, 15,  witli  leares,  however,  shorter  and 
decurrent. 

Thuya  Gabmaiyi,  ap.  nw. 

Branchlets  short,  alternate  along  a  primairy  branch,  of  the  same 
thickness ;  leaves  neatly  round,  inflated,  and  marked  by  a  gland  at  the 
point,  narrowing  downward;  in  fbor  rows. 

The  specimen  is  small  but  very  distinct ;  no  remain  of  cone  has  been 
found.  Its  nearei^  affinity  is  with  Thuya  sibiricaj  Hort.,  a  var.  of 
Thuya  occidentalUj  Jm.  differing  by  shorter,  more  obtuse,  more  inflated 
leaves.  As  it  is  to  2;  HbiHca  what  this  variety  is  to  T.  occidentalism  it 
may  be  considei'ed  as  a  parent  form  of  our  present  species. 

Abies  Nevadensis,  ep.  n&v. 

Leaves  two  rank^,  horizontally  spreading,  1  cent  long,  2  mill,  wide, 
linear,  abruptly  pointed,  obtusely  narrowed  at  base  to  a  short  petide, 
broadly  nerved. 

This  8i)ecies,  represented  only  by  a  small  branch,  is  like  the  large 
forms  of  Taxodium  dubiunij  differing  by  exactly  linear  leaves,  obtuse  at 
both  ends,  larger  size  of  branches  and  leaves,  &c  From  Taxites  olrikij 
Heer,  Arct.  FL,  PI.  Iv,  Pig.  7,  it  differs,  too,  by  linear,  shorter,  more 
horizontal  leaves.  Its  iieai^est  affinity  is  with  our  living  Abies  CaiM- 
demisy  Mich.,  being  only  slightly  more  robust  and  the  leaves  more 
abruptly  rounded  and  not  enlarged  at  their  base. 

Salix  blonoata,  O.  Web.  Pal.,  p.  63,  PL  ii,  Fig.  10. 

The  base  of  the  leaf  is  broken;  the  part  left,  11  cent,  long,  exactly 
corresponds  iu  size  and  nervation  with  the  upper  part  of  Weber's  figure. 

Raton  Mountains, 

The  Thalassophytes  described  from  this  locality  are  all  from  the 
Eocene  sandstone  underlying  the  lignitic  strata.  Except  the  species 
of  this  class,  none  otiier  has  been  added  to  those  already  known  from 
specimens  obtained  formerly  by  Dr.  Hayden  and  described  in  Snpt., 
pp,  12  to  10.  Tiie  very  hanl  metamorphic  sandstone  and  shale  contain- 
in;^  plants  breaks  under  the  hammer  in  irregular  small  fragments,  of 
little  value  for  the  paleontologist. 
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SpHEBIA  LAPIDBAy  SJf.  nOV. 

Perithecia  round,  highly  convex,  1  to  2  millim.  broad,  growing  in  lineal 
series  from  under  the  bark  and  piercdug  it  before  opening^  borders 
irregularly  lacerated ;  color  whitish. 

This  species  is  upon  a  petrified  fragment  of  wood,  part  of  which  is 
still  corticated,  on  another  part  the  bark  has  been  destroyed.  The 
borders  of  the  opened  perithecia  are  somewhat  inflated.  A  single  one 
is  still  entire  or  unopened,  comparable  by  its  form  and  size  to  the  living 
Verrucaria  nitida^  Ach. 

Chondrites  subsimplex,  sp.  nov. 

Frond  cylindrical,  flattened  by  compression,  5  mill,  wide,  with  rare 
dichotomous,  long,  flexuous  branches,  mostly  of  the  same  size,  some, 
however,  reduced  in  size  to  one-half  from  the  point  of  division  from  the 
main  stem.  • 

This  species  is  found  mostly  flattened  or  expanded  upon  large  slabs 
not  passing  across  layers  of  sandstone.  Upon  some  of  these  slabs 
the  filaments  appear  simple. resembling  Halimenites  lumbricoideSj  Heer. 
(Urwelt  der  Schweitz.)  Tne  surface  is  irregularly  roughened  and 
generally  marked  in  the  middle  by  a  depression  indicating  the  fistulose 
character  of  the  plant. 

Chondbites  bulbosus,  ijp.  nav. 

Frond  plain,  irregularly  subpinnately  divided  in  opposite  or  alternate 
branches,  close  to  each  other,  or  distant,  short,  inflated  like  irregular 
tubercles. 

The  branches  vary  in  thickness  from  two  to  five  mill.,  generally  five 
to  eight  mill,  long,  often  bilobed  at  the  obtuse  point ;  they  are,  like 
the  main  stem,  inordinately  inflated  and  uanowed. 

HALYMEiaTES  STBIATUS,  «p.  nOV. 

Frond  cylindrical  or  compressed,  erect,  one  foot  long  or  more,  dicho- 
tomous ;  branches  short. 

The  ramification  of  this  species  is  variable,  the  divisions  being  more 
or  less  open,  sometimes  at  a  right  angle  from  an  inflation  of  the  main 
axis.  The  surface  appears  generally  smooth  ;  where  the  coating  of  stone 
is  rubbed  out,  it  appears  coarsely  ribbed  as  by  a  linear  series  of  tuber- 
culeiform  sporanges.  The  branches  perforate  the  sandstone  in  every 
direction.  It  is  related  to  Fucoides  cylindricus^  Sternb.  Common 
at  the  Eaton ;  found  also  at  Golden  by  Professor  Meek. 

Halymenites  majob,  sp.  nov. 

Frond  of  the  same  thickness  and  mode  of  division  as  the  former; 
surface  marke<l  by  round  contiguous  or  dii^ointed^tubercles  2  to  5  mill. 
broad  and  as  thick. 

It  has  the  same  general  appearance  as  the  former.  Its  branches  are 
sometimes  longer  and  smaller.    The  stems  are  2  cent,  broad. 

Halymenites  mikob,  F.  0. 

Branches  half  as  thick  as  in  the  former  species,  8  mill,  broad,  marked 
with  small  tubercles. 
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Tbese  branches  are  of  thiB  same  sise  and  fcnn  as  the  one  figared  by 
Heer.  in  Urwelt  der  Schweitz,  (PI.  xi,  F.  1.)  As  they  are,  however, 
found  in  connection  with  the  former  species,  at  least  in  the  same  beds 
of  sandstone,  they  may  represent  mere  divisions  of  it. 

DELBSSEKIA  nrOBABSATA,  ip.  MW. 

Frond  sessile,  trifld  finom  its  base,  divisions,  thick,  obovate,  attenuated 
downward  to  a  narrow  pedicel ;  snr&ee  plicate-rugose. 

The  sandstone  has  deep  prints  of  these  leaves,  which  appear  as 
united  in  groups  from  the  base,  or  growing  in  tufts.  One  of  these  leaves 
or  divisions  seen  isolated  is  oolanceolate,  abruptly  short-pointed,  grad- 
ually tapering  to  the  base,  2  cent,  wide  at  its  broadest  part,  near  the 
point,  3  mill,  at  base,  5  cent  long.  If  by  the  form  of  its  leaves  this 
plant  is  a  Delesseria^  the  tliickness  of  its  divisions,  Judged  from  their 
prints  on  the  stone,  is  different  from  that  of  any  lining  species  of  this 
genus.  The  prints,  however,  may  have  been  made  by  the  supeiposition 
of  a  group  of  segments  of  the  same  form. 

DSLEBSEBIiL  LIKGtTLATl,  ip.  1109. 

Leaf  small,  coriaceous,  entire,  obtuse,  rounded  at  base,  slightly  con- 
tracted in  the  middle,  with  a  broad  inflated  medial  nerve. 

The  leaf  or  segment  is  2  cent,  long,  12  milL  broad,  of  a  subcoriaceous 
or  thickish  consistence.  The  sanostone  has  many  fragments  of  the 
same  form  and  size. 

Abietites  dubius,  Lsqx.,  Am.  Jour.  Science  and  Arts,  (1868,)  p.  203. 

Leaves  erect  or  slightly  open,  imbricated  around  the  branches,  exactly 
lanceolate,  sharp-pointed,  broadest  at  the  base,  whero  tiiey  axe  abruptly 
contracted  to  the  point  of  attachment. 

1  have  found,  probably  at  the  same  place  whero  Dr.  Leconte  obtained 
his  specimens,  a  quantity  of  branches  of  this  species,  varying  from  2 
cent,  to  3  mill,  in  thickness,  all  indicating  the  same  charact^s.  Tbe 
leaves  are  8  mill,  lon^,  1^  mill,  broad,  near  the  base.  Stems  and  branch- 
lets  are  marked  by  the  deep  and  distinct  scars  of  the  base  of  the  leaves, 
varying  in  form  according  to  the  sise  of  the  branches.  No  cones  or 
seeds  have  been  found  as  yet.  It  is  common  in  the  lower  Ugnitic 
Eocene.  Good  specimens  of  tiie  stems  have  been  obtained  in  the  choco- 
late clay  beds  of  the  lignite,  near  Fort  Steele,  by  Professor  B.  F.  Meek. 
Its  affinity  to  living  sj^ies  is  as  yet  unascertained. 

Abundo  Q6PPEETI,  Al  Br. 

Large  fragments  of  leaves  with  characters  of  this  species. 

Phbaomites  Oeningensis,  Al.  Br. 

In  connection  with  AUetites  dubius  in  the  lignitic-bearing  strata,  and 
also  in  fragments  within  tbe  Eocene  sandstone. 

Sabal  Campbellh,  (!)  Newb. 

It  is  described  in  Supt.,  p.  13.  Tbe  fragments  are  very  abundant',  but 
always  obscure.    It  may  be  a  different  species. 


GEOLOGICAL  SURVEY   OF  THE   TERRITORIES.  375 

POPTJLUS  MONODON9  Lsqx.,  Supt,  pp.  13  and  14. 

The  leaf  is  smaller  than  those  already  described  from  this  place  and 
from  the  Mississippi  Eocene,  6  cent,  long,  4  cent,  wide,  ovate,  lanceolate, 
pointed,  rounded  at  base,  or  abruptly  narrowed  to  the  petiole,  entire 
and  coriaceous.  The  nervation  is  that  marked  in  description  of  this 
species. 

GiNNAHOMUK  M188IS8IPIENSB,  Lsqz.,  Supt,  p.  14. 

Abundant.    Already  quoted  from  this  locality. 

Ehamnxts  oboyattts,  Lsqx.,  Am.  Jour.  Science  and  Arts,  (1868,)  p.  207. 

Bepresented  by  some  specimens  exactly  similar  even  in  size  to  those 
obtained  from  Purgatory  Gallon  by  Dr.  Leconte. 

Qehrun^a  eoaVhed^  near  Colorado  Springs. 

• 

The  remains  of  fossil  plants  are  here  badly  preserved,  mixed  in  great 
number  in  a  soft,  easily  disaggregating  sandstone.  They  are  mostly 
brc^en  and  undeterminable.  The  few  which  could  be  recognized  are 
tiie  following : 

Sabal  Gakpbellu,  (t)  Newb. 

The  same  form  as  that  of  Baton  Mountains. 

Platantjs  HAYDENn,  Newb. 

Two  large  well-preserved  leaves. 

DOMBBTOPSIS  OBTUSA,  «p.  nOV. 

Leaf  round,  cordate,  very  obtuse,  with  two  obtuse  scarcely-marked 
lobes  on  each  side,  near  the  point  at  the  extremity  of  the  lateral  veins, 
which  ascend  in  curving  from  the  base  of  the  medial  one. 

The  lower  part  of  this  leaf  is  broken,  and  therefore  its  description  is 
incomplete.  It  is  from  its  form  and  nervation  a  species  of  Domheyopsis 
allied  to  D.  tridenSj  Ludw.,  Pal.,  PI.  xlix.  Fig.  3,  twice  as  large,  and  dif- 
fering by  the  very  obtuse,  round  point,  and  scarcely-marked  obtuse 
lobes. 

FiCUS  TILLSFOLIA,  Al.  Br. 

In  large  identifiable  firagments ;  no  leaf  entire. 

Oolden'  City^  Colorado, 

Most  of  the  specimens  are  from  a  sandstone  easily  cut  in  the  line  of 
stratification,  and  where  entire  leaves,  even  of  large  size,  were  obtained. 

SCLEROTIUM  RUBELLUM,  sp.  nOV. 

Oval  or  linear,  obtuse,  1  mill,  broad,  2  to  4  mill,  long,  following  or 
intermediate  to  the  strisB  of  Flabellaria  ziuckeni,  Heer,  deeply  impressed 
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into  tbe  epidermis ;  reddish  at  its  aorflwewhea  yomig;  center  some- 
what mamillate. 

it  has  no  apparent  relation  to  any  tornH  apeoiios  aa  y^  pabUahed. 
In  some  specimens  Ham  oeater  looks  Bptit,  aa  in  ^edea  q£  SifMieriun^ 

DBLB88BKUL  FULYl,  9.  ftOtf, 

Frond  membranaeeons,  dicbotomooat  (apparently  long,)  linear,  witb  a 
thick  medial  nerve ;  divisions  linear,  diatuit,  obtuse,  or  enlarged  at  the 
point. 

The  preserved  part  of  the  frond  is  20  cent,  long,  its  average  width  6 
mill.  The  divisions  are  inegalar  in  distance  and  position,  varying 
in  length  from  6  cent,  near  tbe  base  of  the  frond  to  mere  obtose  lobes 
at  its  npper  end.  Its  color  upon  the  white  sandstone  is  of  a  deep  yel- 
low. It  is  distantly  rdated  to  jDeleeisrto  S^fharoo^coaid^s^  Btt,  ftoni  the 
Eocene  of  Promina. 

Sphenoptebis  Eogenioa,  Ett,  Foss.  FL  of  Promina,  p.  0,  PL  ii, 

Figs.5-& 


Frond  large,  at  least  tripinnatdy  divided)  secondary  pinn^  long, 
lanceolate,  taper-pointed,  obliqne,  from  a  half-ronnd  narrow  rachis: 
pinnules  namerons,  very  oblique,  close  to  each  other,  contignons,  anited 
from  below  the  middle,  acutely  lobed;  veins  pinnate,  the  divisions 
either  simple  or  forking  once.  This  form  somewhat  differs  from  the 
one  published  by  Ettinghausen,  by  the  connection  of  the  pinnules  from 
below  the  middle,  while  they  are  separated  from  the  base  in  the 
European  species;  also,  by  the  sharp-pointed  lobes  of  the  pinnules, 
these  being  described  as  obtuse  by  tbe  anthor.  The  nervation,  too^ 
shows  a  noticeable  difference,  the  secondaiy  veins  in  our  specimens 
being  strong,  flat,  generally  simple,  and  ascending  to  the  point  of  a  lobe, 
or,  when  forking,  one  of  the  branches  passing  aside  to  one  of  the  very 
acute  sinuses.  These  differences  may  be  spedflc  or  merely  simple 
varieties  resulting  from  the  part  of  the  frond  represented  by  the  speci- 
mens. The  general  appearance  is  the  same.  Splendid  specimens  of 
this  species  were  obtained  at  Golden,  especially  by  the  kindness  of  I2ev. 
L.  Bums,  tiie  superintendent  of  the  mining  college  of  that  place. 

Pteeis  ANGfiPS,  qi«  nov. 

Frond  linear,  lanceolate,  thick  nerved,  with  apparently  entire  borders; 
secondary  veins  at  a  right  angle  from  the  medial  one,  thin,  though  dis- 
tinct, forking  near  the  base,  and  one  of  the  branches  forking  a  second 
time  from  the  middle. 

A  mere  fragment,  comparable  to  Lamariopsis  cilinicaj  Ett,  Fl.  Bil., 
p.  13,  PI.  iii,  Fig.  13,  somewhat  difterent  by  the  nervation. 

PHBAamTES  (EKINGENSIS,  Al  Br. 

Fine  specimen  of  stems  with  articulation  and  scars,  were  found  in  tbe 
white  sandstone  under  the  lignite  beds.  Professor  Meek  has  also  well- 
preserved  specimens  of  rootlets,  with  their  capillary  filaments  from  the 
same  sandstone. 


i 
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Oabbx  BbbthoudIi  «p.  nov. 

Leaves  narrow,  flat,  Banowly  and  obsoarely  striatei  except  on  tbe 
borders ;  seeds  numerons,  flattened,  2  mill.  wiAle,  with  an  oval,  slightly 
pointed,  and  slightly  broader  perigyuinm. 

The  nervation  of  the  leaves  is  marked  only  by  two  veins  on  each 
border,  as  in  Cyperus  arcticus  Heer,  Fl.  of  Spitzberg.  The  seeds, 
apparently  attached  on  short  pedicels,  resemble  those  of  Carex  antiquaj 
Heer,  of  the  Baltic  flora,  as  represented  PL  iii.  Fig.  18,  being,  however, 
larger,  and  the  perigynia  broader  than  the  seeds,  and  distinct. 

Flabellahia  zinokeni,  Heer,  Fl.  Bomstaedt,  p.  11,  PL  ii,  Fig.  3-4. 

By  the  size  of  the  segments,  and  by  their  nervation,  the  numerous 
and  distinctly  veined  fragments  fDund  in  the  white  metamorpbic  clay  of 
Golden  represent  exactly  the  European  species.  Tbe  Bornstaedt  lignitic 
formation  is  considered  by  Heer  as  lowest  Miocene  or  upper  Eocene. 

FLABELLABLi  LATANIA,  Stern.,  (Foss.,  FL,  1,  PL  xl.) 

To  this  species  of  Sternberg,  I  refer  a  number  of  specimens,  all  of 
striated,  tubnlose,  long,  linear  leaves,  like  those  published  under  this 
name  by  Ettinghaasen  in  FL  Prom.,  p.  12,  PL  iii,  Fig.  2-^  The  striae 
ar^  coarse  and  deep,  as  figured  by  this  anthor,  bat  there  is  no  remain 
of  petiole. 

Sabal  goldiana,  sp.  nov. 

Distinct  from  Sabal  Campbellii,  Newb,  by  its  large  triquetrous  or 
rather  deeply  keeled  i)etiole,  the  keel  being  nearly  acute.  Tlie  sides  at 
the  base  are  5  cent.  wide.  The  rays  appear  larger  than  in  8.  CampbdlU; 
the  nervation  is  not  more  distinct.  No  specimen  of  the  lower  part  of  a 
leaf  could  be  obtained. 

Palmacites,  species. 

Part  of  a  trunk  of  palm }  an  impression  15  cent,  broad,  slightly  con- 
cave, marked  in  the  length  by  deep,  nearly  regular,  and  equal  striae, 
separated  by  sharp,  acute,  narrow  ridges,  1  mill,  distant  This  is  not 
referable  to  any  fossil  species  published.  Specific  determination,  how- 
ever, is  not  possible. 

POPULtJS  ATTENUATA,  Al  Br. 

Of  the  same  character  as  the  leaf  in  FL  Pert.  Helv.,  PL  Ivii,  Fig. 
12. 

QuERCUS  TELiNGTJLARis,  66pp.,  (Schotzultz,  Fl.,  p.  15,  PL  vi,  Fig. 

13-17.) 

Leaves  ovate,  attenuated  to  a  short  petiole,  more  abruptly  narrowed 
to  an  obtuse  point,  borders  undulate  above,  entire  from  the  middle 
downward,  nervate  or  pinnate. 

The  stone  where  the  leaves  are  preserved  is  coarse  grained,  the  borders 
near  the  point  are  somewhat  indistinct.  The  lowest  pair  of  secondary 
veins  ascends  in  an  acute  angle  from  the  base  of  the  leaf,  the  others,  nearly 
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opposite  and  parallel,  pais  in  •  moie  open  ufl^  to  the  borders,  where 
they  slightly  and  abruptly  carve.  The  lowest  pair,  only  branches  outside. 
But  for  the  indistinct  borders  near  the  point,  this  form  is  well  identi- 
fied with  Gdppertte  ^eeies.    • 

Leaves  small,  broadly  ovate,  obtosely  pointed,  rranded  to  Ae  -base, 
and  abruptly  recurved  to  the  petiola,antiro;  nervation  pinnate,  see- 
ondar>'  veins  thick,  psEallel,  camptodroine. 

The  leaf  is  4  cent,  long,  22  milL  brond,  the  seoondaiy  veins  equidis* 
taut,  diverging  4109  from  the  medial  nerva^  aorving  dightly  to  near  the 
borders,  where  they  divide  in  two  equally  thick  branches,  anastomosiag 
up  and  down  with  divisions  of  the  other  veinSi  ISie  nervation  is  the 
same  as  in  QmereuB  DtHoemi,  Heer,  (FL  Tert.  Helv.,  p.  M^  PL  Inviii, 
Fig.  7,)  except,  however,  that  the  vains  are  less  distant,  net  undulate, 
and  without  intermediate,  shorter  veinletsj  the  veins  are  distinct, 
shining,  yellow. 

QUEBOUS  ANOUSTILOBA,  ill.  Br. 

We  have  two  fine  specimens  of  this  rare  Boeene  qiedes.  Though  not 
quite  entire,  they  are  positively  identified.  One  is  a  lai|;e  leaf  as  the 
one  described  and  figured  by  Lndwig  in  Paleont-.,  vol.  viii,  p.  108,  PL 
xxxvi,  Fig.  3.  The  lobes  of  the  leaves  are  long,  diverging,  linear 
lanceolate,  obtusely  pointed.  Heer  has  puMished  it  ftom  the  lignitia  of 
Bomstaedt. 

Fagus  FBBOMiiB,  Ung*  Cbl<Hr.,  p.  108,  PL  xxviii.  Fig.  9-4 

Leaves  ovate,  pointed,  irregularly  dentate  above  the  middle,  rounded 
or  attenuated  to  a  slender  petiole,  nervation  simple  craspedodrome. 

One  of  the  leaves  is  somewhat  lar^,  the  lower  part  is  destroyed.  It 
appears  rounded  to  the  petiole.  The  other  is  a  smaller  leaf,  lanceolate- 
poiuted,  with  the  veins  on  a  more  acute  angle  of  divergence.  Both 
forms  are  i-epresented  in  the  Bil.  flora  of  Ettinghauseu,  PL  xv,  the 
first  leaf  like  Fig.  20,  the  second  like  Fig.  16.  The  lower  veins  of  the 
small  leaf  have  strong  fibrill»  downward,  like  thin  secondary  veins. 

ULMUS  (1)  IBKBOULABIS,  ^.  flOV, 

Leaf  large,  coriaceous,  oval-oblong,  narrowed  or  wedge-form  to  the 
petiole,  nervation  pinnate,  secondary  veins  close  and  deeply  marked. 

The  borders  upward  and  the  point  are  destroyed  in  all  the  specimens. 
The  secondary  veins  are  close,  10  pairs  in  part  of  a  leaf  8  cent,  long, 
(angle  of  divergence  40°)  straight  from  the  medial  nerve,  except  near 
the  base,  where  they  curve  slightly  downward  in  joining  it,  generally 
simple,  some  anormally  forking  from  near  the  base ;  fibrillose.  Tlioogh 
the  nervation  and  facies  are  those  of  Ulmnn^  the  leaves  are  doubtftilly 
referable  to  this  genus  on  account  of  the  unknown  disposition  of  the 
veins  along  the  borders. 

Ficus  ASABiFOLiA,  Ett.,  Bil.  Fl.,  p.  30,  PL  XXV,  Fig.  2-3. 

The  leaf  representing  this  species  is  larger  than  those  described  by 
the  author ;  it  is,  however,  positively  relerable  to  it  by  its  form,  its 
crenulate  border,  and  its  nervation. 
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FiCXTS  SPEOTABILISy  sp.  fWV. 

Leaves  large,  coriaceous,  entire,  broadly  ovate-lanceolate,  contracted 
to  a  short  point,  round  truncate  to  the  petiole,  pinnately  nerved,  the 
lowest  pair  of  secondary  veins  opposite  from  the  base,  branching  out- 
side, the  upper  ones  mostly  simplOi  parallel,  irregular  in  distance, 
oblique,  camptodrome. 

The  leaf,  an  entire  one,  is  15  cent,  long,  8  cent,  broad  in  its  widest 
diameter  below  the  middle,  equilateral.  The  first  pair  of  secondary 
veins  is  basilar  and  branched;  the  others,  though  x>arallel,  are  at  irregu- 
lar  distances,  all  curving  along  the  borders  and  anastomosing  with  ter- 
tiary veins  or  fibrillar.  Allied  to  Ficus  Sehimperij  Lsqx.,  of  the  Mississippi 
Eocene,  it  differs  by  its  coriaceous  substance,  by  the  basilar  veins  going 
out  from  the  top  of  the  petiole,  by  the  somewhat  abruptly-contracted 
(not  tapering)  point,  &c.  Witn  an  entire  leaf,  the  collection  has  a 
number  of  firagmQuts  of  this  fine  species. 

Ficus  aueiculata,  «p.  nov. 

Leaves  membranaceous,  entire,  smooth,  ovate-lanceolate,  taper- 
pointed,  rounded  to  the  base  into  two  auricles  joined  at  the  borders 
below  the  top  of  the  petiole,  pinnately  nerved;  the  lower  pairs  of  sec- 
ondary veins  opposite  from  the  base  of  the  leaf,  the  upper  ones  x^^rallel, 
alternate,  camptodrome. 

The  leaf  described  is  perfect  and  its  nervation  distinct.  Three  pairs 
of.veinlets  curve  downward  from  the  top  of  the  petiole,  passing  in 
curves  to  the  borders  of  the  auricles.  All  the  secondary  veins  are  more 
or  less  branching  downwards,  curving  along  and  following  the  borders 
in  anastomosing  with  divisions  of  the  superior  ones.  Fibrillse  distinct) 
nearly  continuous ;  the  leaf,  10  cent,  long,  has,  besides  the  basilar  vein 
lets,  ten  pairs  of  secondary  veins.    It  is  somewhat  unequilateraL 

Platantjs  Eaynoldsh,  Kewb. 

Is  represented  by  splendid  specimens,  but  none  as  entire  as  the  one 
described  by  the  author,  Extinct  Fl.  of  N.  Am.,  p.  69. 

Platanus  Haydenh,  Kewb. 

Most  common  at  Golden.  The  leaves  are  still  larger  than  marked  by 
the  author,  some  of  them  preserved  entire. 

Benzoin  antiquum  (!),  Heer,  Fl.  Ter.  Helv.,  11,  p.  81,  PI.  xc,  Figs.  1-8. 

Leaf  oval,  obtuse,  entire,  narrowed  to  a  broad  petiole,  pinnately 
nerved,  lowest  pair  of  secondary  veins  opposite,  joining  the  medial  nerve 
at  a  distance  above  the  base ;  the  others  sdtemate,  all  thin  and  at  an 
acute  angle  of  divergence. 

A  single  leaf^  doubtfully  referred  to  this  species  on  account  of  obsolete 
details  of  nervation.  The  surfaceof  the  leaves  is  punctate  as  in  Benzoin 
attenuaiumj  Heer,  lloc.  ciU^  Fig.  10 ;)  but  the  form  of  the  leaf  and  the 
secondary  veins  are  like  Fig.  G,  of  B.  antiquum, 

CiNNAnroHUH  Bossmasslebi,  Heer,  Fl.  Tert.  Helv.,  U,  p.  84,  PL,  xcii. 

Figs.  15-16. 

The  leaves  representing  this  species  have  the  form  and  size  of  those 
loc,  citj  Fig.  2,  with  numerous  straight,  strong  nervilles,  perpeudicu- 
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lar  to  the  medial  veini  and  passiiig  fkom  it  to  the  lateral  ones,  as  in 

Fig.  10. 

GnvNAKOXUK  MiBBiBBipmKnB,  Lsqz.9  Snpt.,  p.  14. 

Fine  specimens  of  this  qieeies,  of  fireqoent  oocorrence  in  the  Ameri- 
can Eocene,  were  obtained  at  Ctolden. 

CissiiB  usmBATJJBj  9.  not. 

Leaves  snbcoriaeeous,  polished,  loand-oval,  abruptly  narrowed  or 
broadly  wedged  form  to  the  petiole,  tiiree-nerved  from  tiie  base,  nerva- 
tion actinodrome  reUform ;  borders  nndnlatdy  orenate. 

The  collection  has  many  specimens,  bnt  none  complete,  the  npper 
part  of  the  leaves  being  mostly  destroyed.  The  leaves  are  peti<ded ; 
the  two  lateral  veins  diverge  at  an  acato  angle  and  branch  ontside,  the 
branches  parallel,  running  to  and  entering  the  borders  in  dividing. 

DOMBETOPSIB  TBIVIAUB,  ip.  fWV. 

The  lower  part  of  a  leaf,  ronnd-eordato  at  base,  entire  snbooriaceoas, 
three-nerved,  lateral  veins  strong,  curved  upwards,  branehinff  outside. 

This  leaf  resembles  the  one  in  Beer's  FI.  Bait,  p.  74,  PI.  xvU,  Fig.  11. 
named  Ficus  DombewptiSy  which,  however,  has  two  rairs  of  lateral 
veins  firom  the  base,  while  ours,  has  only  one.  As  in  Meet's  leaf  the 
lower  part  is  destroyed,  while  the  point  is  erased  in  ours,  it  is  not  pos- 
sible to  maice  an  exact  comparison. 

D0MBEYOP8IS  oociDEirrALis,  «p.  nov. 

Leav^es  coriaceoas,  entire,  cordate-acuminate,  trinerved  from  the  base, 
snperior  lateral  veins  at  equal  distance,  alternate  or  opi>osite,  campto- 
drome. 

A  number  of  specimens  of  these  fine  leaves  present  all  the  same  form 
and  characters ;  12  cent,  long,  10  cent,  broad,  below  the  middleor  toward 
the  enlarged  cordate  base,  narowed  or  tapering  to  the  point.  The 
lower  lateral  veins  are  much  branched  outside,  8  to  10  branches,  carv- 
ing to  and  along  the  borders ;  the  upper  secondary  veins  are  either 
simple  or  sparingly  divided  by  under  branches,  all  the  divisions  curving 
to  and  along  the  borders  which  they  reach,  becoming  like  marginal; 
nervilles  sti'ong,  in  a  right  an^le  to  the  thick  medial  nerve ;  the  borders 
api>ear  some  wha*t  reflezed.  The  nervation  is  that  of  Jhfnbcjiopsii  grandi- 
foliaj  Ung. 

Sapindus  oaudatus,  sp.  nov. 

Leaf  unequilateral,  entire,  broadly  lanceolate,  tapering  into  a  long 
acuminate  point,  narrowed  to  the  petiole  on  one  side,  rounded  to  it  on 
the  other. 

The  secondary  veins  are  alternate,  unequally  distant,  the  lowest  ones 
more  oi)en,  curving  to  and  along  the  borders  and  anastomosing  with 
shorter  intermediate  ones.  The  nervation  is  of  the  same  type  as  in 
Sajyindiis  faleifolitis^  Heer,  FL  Helv.,  PI.  cxix,  Fig.  16.  I  found  two 
leaves  of  this  species;  the  largest  10  cent,  long,  4  cent,  wide  in  tbe 
middle. 
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CSANOTHUB  PIBBILLOSITSy  9g.  nOV. 

Leaves  snbcoriaceoas,  ovoid,  obtase,  roanded  to  the  base,  (petioled  T) 
five-nerved  from  the  top  of  the  petiole ;  nervilles  in  right  angle  to  the 
medial  vein,  continaous. 

Species  related  to  Ceanothus  otmdeus^  Gopp.,  (Schossnitz)  Fl.,p.36,  PL 
xxii,  Fig.  13,  differing,  however,  by  the  thick  substance  of  the  leaves, 
their  larger  size,  and  all  the  lateral  veins  going  out  from  the  base. 
The  lowest  lateral  veins  are  much  branched,  and  not  aerodrome,  ascend* 
ing  only  to  above  the  middle  of  the  leaf. 

Bhamnus  Clebubni,  sp.  nov. 

Leaves  thickish,  (not  coriaceous,)  narrowly  ovaMaceolatei  .equally 
tapering  from  the  middle  upward  to  a  long  sharp  point  and  downward 
to  a  sbojt  petiole;  pinnately  nerved,  secondary  veins  close,  slightly 
arched  in  passing  to  the  borders,  where  they  abruptly  curve  along  the 
margin. 

The  species  is  known  by  a  number  of  finely -preserved  specimens,  with 
all  the  same  characters.  The  leaves  are  variable  in  size,  the  largest  9 
cent,  long ;  the  secondary  veins  always  close  to  each  other,  parallel, 
simple,  scarcely  5  mill,  distant,  abruptly  curving  quite  near  the  borders, 
which  they  follow ;  fobrilles  numerous,  strong,  subcontinuous  in  right 
angle  to  the  medial  nerve.  The  nervation  and  form  of  these  leaves, 
like  that  of  the  following  species,  as  also  of  Ehamnua  obavatuSj  Lsqx.,  is 
much  like  that  of  some  species  of  the  genus  Bridelia  of  the  Ewphor- 
biacece.  When  better  known  by  their  fructifioations  they  shall  probably 
form  a  separate  group. 

Bhamnus  Goldianus,  «p.  nov. 

Leaves    thickish,    subcoriaceous,    smooth,    entire,  broadly  oblong 
ovate,  abruptly  narrowed  to  a  short  blunt  acumen,  rounded  at  base  to  a 
short  petiole. 

These  leaves,  of  which  I  obtained  numerous  fine  specimens,  vary  in 
size  from  7  to  15  cent,  long,  proportionally  broad,  have  about  the  same 
nervation  as  the  former  species,  the  secondary  veins  being  only  slightly 
more  distant,  less  oblique,  (angle  of  divergence  40  to  45^,)  and  nearly 
straight  to  near  the  borders,  where  they  more  gradually  curve.  The 
lowest  pair  generally  branch  more  or  less  downward,  in  anastomosing 
with  their  short  marginal  veins;  even  the  superior  veins  have  sometimes 
one  or  two  divisions.  The  species  still  differs  from  the  former  by  its 
more  coriaceous  substance,  its  rounded  base,  and  the  obtusely  acumi- 
nate point 

Bhamnus  Goldlinus,  var.  latiob,  Lsqx. 

The  leaves  considered  as  variety  may  represent  a  different  species. 
They  are  siQcb  larger,  of  a  thicker  substance,  more  rounded  at  the  base, 
and  passing  to  the  petiole  by  a  short  decurrent  curve.  They  much  re- 
semble the  leaves  referred  to  Ulmus  (t)  irregularis,  being  intermediate 
between  this  and  the  above  speoies. 

Bhamnus  oboyatus,  Lsqx. 

Already  mentioned  from  the  Baton  Mountains,  is  a  truly  different 
species  from  Khamnus  Clebumi,  to  which  it  resembles  by  the  nerva- 
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lion.    Besides  differlBg  by  tiiefimn  of  the  leif^  the  seoondaiy  toIds  aie 
thicker  and  flat^  and  the  nervilles  scarcely  distinct. 

Bhamnus  AOXTMiNATiFOiiius  (t),  HeoT,  FL  Tcrt  BAV.J  nil  p.  Sly  PL 

ezxviy  Fig.  3. 

A  ftagment  only,  with  the  point  and  the  baee  of  the  leaf  destroyed. 
The  form  of  the  leaf  and  its  nervation  agree  with  the  author^  flgnie  and 
description.    It  difBsrs  mneh  firom  the  other  species  described  above. 

Bhamnus  beotinebyis,  Heer,  Bept,  (1871,)  p.  295. 

It  is  not  frequent  at  Ctolden.  We  have  only  a  fbw  specimens  fkom  the 
white  sandstone. 

JuGLANS  BHAHHon>B8|  Lsqx.,  B^pt  (1871,)  p.  2M. 

Sparingly  represented  at  Ctolden. 

Jt7GLAm  BUGOBA,  Lsqz.,  Bnpt,  p.  10. 

Foand  in  more  nnmerons  and  better  preserved  spedtnens  than  the 
former. 

JUGLAIVS  (FIOX78  t)  SXITHSOiaANA,  Lsqx.,  Snpt,  p.  16. 

The  leaf  referable  to  this  species  merely  differs  Arom  the  one  pub- 
lished i'rom  the  Baton,  by  the  less  tapering  base,- which  is  more  abmptly 
attenuated  to  a  broad  petiole,  a  difference  scarcely  noticeable. 

JUGLANS  SOHIMPEBI,  LsqX.,  Supt.,  p.  8. 

The  specimens  of  Golden  have  the  same  characters  as  described.  The 
I>eeuliar  form  of  the  leaves  identifies  them  easily. 

Gabpolithes  palhabuh,  Lsqx.,  Supt.,  p.  13. 

A  number  of  fruits  of  the  same  size  and  form  as  those  Arom  the  Baton 
Mountains.  They  are  not  striated,  however,  and  rather  coarsely 
wrinkled.    They  may  repi'esent  a  different  species. 

Beside  the  leaves  describeil  from  Golden's  specimens,  I  found  still 
there  a  stipule  of  Platauus,  a  leaflet,  square  in  outline,  2j^  cent,  wide, 
acutely  Rhorclobed  at  the  two  upper  corners,  truncate  at  Imse,  without 
visible  nervation.    It  is  apparently  referable  to  PlatantM  Haydenii, 

A  number  of  fragments  of  uncertain  affinity,  or  whose  character 
could  not  be  recognized ;  among  them,  leaves  doubtfully  referable  to 
Alnua  Kefersteiniij  Gopp,  others  to  Bhamnus  JOecJienii^  Web.,  and  still 
others  to  Cinnamoinum  Mississipienae,  Lx.,  have  been  obtained  firom  the 
same  locality  by  Prof.  B.  F.  Meek. 

MarshalVs  Estate^  Boulder  Valley. 

Specimens  of  fossil  plants  are  here  found,  either  in  clay-beds,  where 
the  fragments  are  heaped  and  mixed  together  in  a  mass  of  unrecogniz- 
able forms,  or  in  a  coarse  sandstone,  where  the  details  of  nervation  are 


OBOLOOICAL  SURVEY  OF  THE  TEBRITORIES.       .888 

generally  obliterated.  I  coalcl^  moreover,  dispose  of  but  a  short  time 
for  researches  in  a  locality  which  had  been  sufficiently  explored  by  Dr. 
Hayden  and  other  geologists.  The  few  specimens  got  there  represent 
the  following  species ; 

PHRAaMITES  Obktnoensis,  A1.  Br. 

In  namerous  specimens. 

Flabellabia  zinckeki,  Heer. 

The  same  form  and  characters  as  the  specimens  of  Golden  referred 
to  this  species. 

QUERCUS  OHLOBOPHYLLA,  Ung. 

A  number  of  specimens  of  the  same  species  which  I  considered  as 
identical  with  this  Quercus^  in  my  examination  of  the  fossU  plants  of 
Dr.  Leconte,  in  Am*  Jour.  Sci.  and  Arts,  (1862,)  p.  206,  and  was  de- 
scribed and  figured  under  this  name  in  Proo.  Am.  PhU.  Soc,  vol.  xiii,  p. 
413,  PI.  xvii,  Fig.  5  to  7.  These  leaves  are  of  a  coriaceous  substance 
and  have  scarcely  any  trace  of  secondary  veins  marked  on  the  sui^foce; 
their  relation  is  undefined.  The  Marshall's  leaves  are.  slightly  more 
rounded  to  the  petiole  than  those  of  Mississippi. 

CiNNAMOMXJM  AFFINE  (!),  Lsqx.,  Am.  Jour.  Sci.  and  Arts,  (1868,)  p.  206. 

The  specimens  are  not  distinct  enough  to  ascertain  if  they  represent 
this  species  or  Cinnamomum  Mississ^ipiensCj  Lsqx. 

The  main  coal  of  Marshall's  is  mixed  near  the  bottom  with  large  fossil- 
carbonized  trunks,  which,  by  cleavage,  appear  as  cut  by  the  ax.  The 
same  are  found,  too,  in  the  same  circumstances  at  the  Caiiou  City  coal- 
bed. 

Erw  MineSj  Boulder  Valley. 

The  soft,  sandy  shale  overlying  the  lignite-bed  is  full  of  finely  pre- 
served vegetable  remains.  But  this  shale  is  left  in  the  mines  for  roof, 
or  when  taken  out  it  is  soon  crumbling  into  small  fragments  under 
atmospheric  influence.  By  the  kindness  of  the  sui)erintendeiit,  Mr.  Hill, 
I  got  from  the  mines  a  few  pieces  of  shale,  which,  as  seen  from  the  fol- 
lowing descriptions,  indicate  the  richness  of  the  flora  of  that  locality. 
Further  explorations  should  be  pursued  in  the  mines,  or  in  the  opening 
of  a  new  tunnel,  with  sufficient  authority  to  obtain  fresh  slabs  from  the 
roof  shales. 

Sabal  CampbeUii  ftjj  Newb. 

A  number  of  fragments  of  rays  of  a  Sabal,  probably  referable  to  this 
species.  The  shale  being  soft-grained  and  the  specimens  distinct,  the 
striae  of  the  rays  are  distinguishable  and  may  be  counted.  They  are 
very  thin  and  close,  like  mere  woody  fibres,  30  in  a  width  of  3J  mill. 
The  rays  between  the  plicatures  are  16  mill,  wide,  and  have,  therefore, 
about  150  of  these  lines.    They  are  all  of  the  same  thickness. 
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OAULnnTBS  FBCUNDAy  tp.  MOV. 


Branches  of  raoemefl,  2  mill,  wide^  smooth,  with  inflated  barden, 
divided  in  opposite  erect  branchlets,  half  as  thick,  bearing  on  euck-  side, 
and  on  short  pedicels,  simple  round  capsnles,  with  a  central  nncleiu. 

The  capsules  are  mostly  opposite,  rarely  alternate,  and  doae  to  each 
other  along  the  branchlets.  One  of  these,  2  cent,  long,  bears  twelve  of 
these  capsules  on  each  side.  They  are  1^  mill,  wide;  the  bkuft  nndeiia, 
slightly  smaller,  is  represented  by  a  vesicle  of  coaly  matter  eamly  sepa- 
rated from  its  envelope,  slighUy  narrowed^  however,  toward  the  top  of 
the  small  i)edicel,  which  is  slightly  inclined  firom  the  main  rachis. 
These  racemes  may  represent  the  female  infloresceme  of  some  dicedoos 
species.  Their  relation  to  species  of  onr  time  is  as  yet  anknown.  The 
same  specimen  which  bears  this  species  has,  too,  some  nntlets  of  larger 
size,  oval,  truncate  at  base,  wrinkled  in  the  length,  apparently  in 
racemes  or  agglomerations,  resembling  those  which  have  been  pnbllshed 
by  Lndwig  in  Pal.,  voL  viii,  PL  :diii,  Fig.  13,  nnder  the  name  ot 
Hyppqphae  striattL 

OAULINITBS  SPABaiNIOIDBS,  «p.  WfO. 

Described  with  better  specimens  fh>m  Black  Batte. 

FlOUS  PLANICOSTATA,  «p.*1IOf. 
Yar.  LATIFOLIA. 

Described,  like  the  former,  with  specimens  of  Black  Bntte. 

Paliubus  zizyphoides,  «p.  nor. 

Described  from  Black  Butters  specimens.  The  leaf  from  Erie  is  ohly 
smaller. 

JUGLANS  ScHiMPEBi,  Lsqx.,  Supt.,  p.  8. 

The  leaf  is  of  larger  size  than  that  from  Orecn  Biver  Station,  bnt  has 
the  same  characters.  The  same  specimen  Itears  on  the  revei^e  a  fine 
oval  flattened  nut,  with  an  irregularly  wrinkled  surface  like  the  nut  of 
a  Juglaivs.  ^  It  is  20  mill.  long,  18  mill,  broad,  slightly  pointed  on  one 
side,  and  abruptly  contracted  at  the  other  to  an  obtuse  protuberance. 
The  only  fruit  comparable  to  this  is  that  of  Juglans  venosoj  Gopp,  as 
figured  by  O.  Weber  in  Pal.,  vol.  viii,  PI.  vi,  Fig.  11.  The  specimens 
from  this  locality  are  as  yet  too  scanty  to  allow  a  conclusion  of  identity 
between  this  fruit  and  the  leaves  described  as  Juglans  ScliimperL 

Gebgis  Eogenica,  sp.  nov. 

Leaf  nearly  round,  entire,  of  a  thin  texture,  smooth  snrface,  deeply 
coidate  at  base,  nervation  of  Cerci8  Canadensis. 

The  leaf  has  its  point  destroyed;  it  is  apparently  obtuse  or  round. 
Except  that  it  is  more  deeply  cordate  than  the  average  leaves  of  our 
Vercis  Canadensis,  tliere  is  no  dift'erence  whatever  between  the  fossil 
leaves  and  those  of  the  living  species.  ' 
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Carbon  Stationy  Wyominff  Territory. 

Tbe  specimens  obtained  at  Carbon  are  from  tbe  same  limited  area, 
bat  from  two  different  levels.  In  order  to  mark  di£ference  of  vegetation 
according  to  horizontal  station,  these  specimens  are  described  separately. 

Ist.  From  below  tbe  main  coal,*  in  a  soft-grained,  very  Lard  shale, 
irregularly  breaking  by  cleavage,' but  where  the  vegetable  remains  are 
distinctly  prenei^ved,  some  of  them  are  of  large  size. 

Equisetum  HAYDENn,  Lsqx.,  Rept.  1871,  p.  284. 

The  specimens  represent  some  rootlets  and  tubercles  of  this  si>ecie8. 
One  of  the  tubercles  split  lengthwise  in  the  middle  exposes  a  central 
solid  axis  1^  mill,  thick,  while  the  parietes  or  intervals  from  the  axis  to 
the  borders,  4  mill,  each  side,  appear  formed  of  a  spongy  though  com- 
pact cellular  tissue,  becoming  more  compact  and  darker-colored  near 
the  borders.  A  cross-section  of  another  tubercle  shows  it  to  be  oval  or 
somewhat  flattened  by  compression,  12  mill,  in  one  direction  and  only  9 
mill,  in  the  other.  Another  specimen  has  a  linear  rootlet  or  stem 
whose  main  axis  is  4  mill,  wide,  apparently  central,  and  surrounded  by 
cellular  tissue  of  equal  thickness.  It  is  marked  by  distant  nodi  with 
round  scars  of  the  same  form  as  those  of  Equisetum  HaydenHy  and  is 
referable  to  this  species. 

SmILAX  GRANDIPOLIA,  Uug.,  Chi.  PI.  XL,  Fig.  3. 

The  leaf  which  I  refer  to  this  species  is  of  the  same  size  as  the  one 
figured  by  Unger  in  the  Sillog.,  PI.  II,  Fig.  8 ;  but  it  has  only  7  basilar 
veins,  while  Unger's  leaf  has  9.  The  same  form  as  ours  is  published  by 
lleer  in  Fl.  Tert.  Helv.,  PI.  XXX,  Fig.  8  and  Sb,    A  variable  species. 

AcoEUS  BRACHYSTAcnYS,  Hccr. 

Exactly  the  same  form  as  described  in  Eept.  1871,  p.  288,  from  Cres- 
ton.  It  is  represented  by  three  specimens  which  merely  differ  from  the 
Spitzberg  ones  by  shorter  and  broader  spadices,  5  mill,  broad,  7  mill, 
long,  with  only  four  rows  of  flowers  or  ovaries ;  the  stem,  too,  is  nar- 
rower, scarcely  5  mill,  broad. 

Caulinites  sPAUaANioiDES,  sp.  nov. 
Described  with  better  specimens  from  Black  Butte. 

PopuLUS  ARCTICA,  Heer,  Arct.  Fl.,  p.  100,  &c. 

This  species  is  represented  at  Carbon  in  most  of  its  numerous  varie- 
ties, with  nearly  round  and  entire  leaves,  or  with  undulate  or  more  or 
less  crenate  borders,  &c.  They  positively  prove  that  the  leaves  named 
Popultis  subrotundaj  Lsqx.,  in  Am.  Jour.  Sci.  and  Arts,  18G8,  p.  205,  as 
also  those  described  as  P.  NebrascemiSy  !N^cwb.,  in  Notes  on  extinct 
floras,  p.  62,  belong  to  this  species. 

POPULUS  DECIPIENS,  «p.  flOV. 

Leaves  broadly  rhomboidal  or  round,  enlarged  in  the  middle,  abruptly 
narrowed  into  a  very  obtuse  point,  rounded  or  broadly  wedge  form  to 

*  See  section  of  Carbon  in  first  part  of  this  report. 

25  a  s 
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a  long  slender  petiole,  with  very  entire  bordera ;  three  to  Ave  nerved 
from  the  top  of  the  petiole. 

A  very  fine  species,  with  leaves  scarcely  variable  in  siJEe,  S  cent,  long 
and  at  least  as  broad.  The  tiiree  primary  veins  ascend  from  the  top  of 
the  petiole  to  three-fonrths  of  the  leaves,  branching  ontside  and  anas- 
tomosing with  branches  of  a  second  or  marginal  pair  of  vcdns  which 
ascend  only  to  half  the  leaf!  The  texture  of  these  leaves  is  somewhat 
thick,  snbcoriaceons.  They  are  generally  fonnd  on  the  same  spiedAiens 
with  Paliurus  Columbia  Heer,  which  they  resemble.  The  slender  petakde 
is  nearly  as  long  as  the  leaves.  This  species  is  distantly  related  to  some 
small  varieties  of  Populus  arctica^  Heer. 

POPULUg  ATTENVATA,  Al  Br. 

The  same  form  as  already  published.  Am.  Jonr.  Sd.  and  Arts,  (1868|> 
p.  205.    It  is  fonnd  at  Oarbon  both  above  and  below  the  main  ooaL 

Populus  iiutabilis,  var.  gbenata,  Heer. 

Our  specimen  represents  an  entire  leaf  agreeing  in  form  and  nervation 
with  Ooppert's,  Fig.  2  of  PL  XVI,  in  Schossnitz  Flora.  In  the  Carbon 
lea^  however,  the  teeth  of  the  borders  are  large,  sharply  pointed  out- 
wara,  or  less  turned  upward.    This  difference  is  not  specific. 

ALNUS  ELEFEBSTEINn,  G5pp. 

The  same  form  as  described  in  Bept  1871,  p.  292,  from  Evanston* 
The  borders  of  the  leaf,  however,  appear  merely  undulate  as  in  Lnd- 
wig's  Pal.,  Vol.  Vin,  PI.  XXXn,  Pi 

Betula  Stevensoni,  Lsqx.  Bept,  ^1871,)  p.  293. 

Already  published  like  the  former  from  Evanston,  where  the  species 
is  abundant.  It  is  not  as  common  at  Carbon,  but  represented  in  very 
good  specimens. 

(iUERCUs  platania,  Heer,  Arct.  FL,  p.  109. 

Le^if  membranaceous,  broadly  ovftte,  rounded  to  the  base  in  broad 
auricles,  i!v  ith  distantly  dentate  borders ;  pinnately  nerved ;  secondary 
veins  numerous,  craspedodrome. 

There  is  in  the  collection  a  beautiful  leaf  of  this  si)ecies  which  some- 
what differs  from  the  description  of  the  author,  as  it  is  made  in 
the  Ist  vol.  of  the  Arct.  FL,  but  exactly  agree  with  the  fine  leaf  of  this 
species  figured  in  Vol.  II,  PI.  XLVI,  Fig.  5,  of  thQ  same  work.  This  one 
is  nearly  an  exact  representation  of  ours,  and,  too,  has  the  point  de- 
stroyed. It  is  13  cent,  wide  above  its  base,  the  borders  marked  by  short 
somewhat  distant  teeth  j  the  lower  lateral  veins  opposite,  diverging  3(P 
from  the  medial  one,  the  other  pairs  at  a  short  distance  from  each  other, 
alternate,  parallel,  with  a  thin  lateral  basilar  veinlet  going  out  at  right 
angle  from  the  medial  nerve,  just  under  the  lowest  pair  of  secondary 
veins.  These  are  much  branched  outside ;  the  upper  ones  branch  once 
or  twice  near  the  borders.  This  leaf  has  the  characters  of  a  Flatanusj 
and  I  was  inclined  to  consider  it  as  different  from  Heer's  species  on 
account  of  the  difference  in  the  denticulation.  But  in  his  description 
of  a  specimen  from  Spitzberg,  the  author  remarks,  p.  57,  that  the  differ- 
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ence  iu  the  form  of  the  teeth  cauDot  be  coDsidered  as  specific.  The 
authority  is  not  refutable,  being  the  result  of  the  examination  of  a 
number  of  specimens  of  different  localities. 

Fields  OBLANCEOLATA,  »p.  nov. 

Lea\'es  subcoriiaceous,  obovate  or  oblanceolate,  entire,  taper  pointed, 
gradually  naiTowed  to  a  short  petiole,  pinnately,  closely  nerved. 

The  form  of  the  leaves  is  about  like  that  of  Ficus  lanceolataj  in  Ileer, 
(PI.  Tert  Helv.,  Vol.  11,  p.  62,)  broader,  however,  toward  the  point,  with 
more  numerous  secondary  veins.  There  are  14  pairs  of  these  veins  in 
leaves  7^  cent,  long,  the  lowest  pair  at  an  acute  angle  from  the  medial 
one  and  following  the  borders;  the  superior  ones,  at  a  broader  angle  of 
5(P,  straight  to  near  the  borders,  which  they  follow  in  anastomosing  in 
successive  bows.  The  relative  position  of  the  secondary  veins  is  more 
regular  than  in  Ileer's  species. 

COCCOLOBA  LAEVIGATA,  sp.  noV. 

Leaves  round^  (obtuse?)  subcoriaceous ;  borders  entire,  undulate; 
surface,  smooth ;  nervation,  brochidodrome. 

Only  two  fragments,  both  representing  the  lower  part  of  the  leaves. 
The  form  of  the  point  is  merely  indicated;  the  undulate  borders, 
rounded  downward,  join  the  petiole  by  a  short,  slightly  decurrent  curve. 
The  lowest  secondary  veins  are  thinner  than  the  upper  ones,  the  medial 
nerve  broad  and  flat;  the  details  of  nervation  are  like  that  of  Coccoloba 
Flaridanaj  Mich.  These  leaves  are  related  in  form  and  nervation  to 
Ficm  penninerviaj  Ung.,  as  figured  by  Ett,  FL  Badoboj.,  PI.  11,  Fig.  2. 

Platanus  Guillelmjs,  Gopp.,  in  Kept.  1871,  p.  290. 

The  most  common  species  at  Carbon,  where  its  numerous  varieties 
may  be  studied.  One  of  the  more  marked  ones  is  represented  by  small 
broadly  ovate  leaves,  truncate  at  base,  scarcely  lobed ;  borders  marked 
with  large  acute  teeth  ;  basilar  lateral  veins  from  quite  near  the  top  of 
the  petiole. 

CiNNAMOMUM  AFFINE,  Lsqx. 

Mentioned  above  from  Marshall's.  The  upper  part  of  a  large  leaf 
with  the  base  destroyed,  8  cent,  long,  5  cent,  broad,  ovat«,  tapering 
into  an  obtuse  point,  the  two  lateral  veins  of  the  same  thickness  as  the 
medial  one,  ascending,  in  curving,  to  near  the  point  of  the  leaves,  where 
they  connect  with  the  medial  nerve  without  distinct  anastomosing.  The 
form  is  that  of  C,  Buchiy  Heer,  except  that  the  broadest  part  is  below 
the  middle,  not  above  as  in  the  European  species. 

CiNNAMOMUM  MiSSISSIPPIEKSE,  Lsqx. 

Mentioned  already  from  Golden.  A  number  of  well-preserved  speci- 
mens. 

AsDiOA  EocENiCA,  »p.  nov. 

Leaves  lanceolate,  entire,  thickish,  equally  tapering  upward  to  a 
point  and  downward  to  a  short  petiole,  penninerve,  camptodrome. 


A  large  Dumber  of  these  leaves,  varying  in  lengtli  from  10  to  15  cent., 
2}  to  i  cent,  wide,  with  a  petiole  nboot  2j  cent,  loug;  medi^  nerve 
thick,  Becoudary  veins  numerous,  distinct,  parallel,  divei^ng  aboat  6(P 
to  a  distance  from  the  borders,  where  they  carve  irregularly,  anasto- 
mosing many  times  with  the  su[)erior  veiiis  and  audulutiug  along  tlie 
borders;  hbrillce  thin,  bat  distinct;  some  of  them  intermediate  to 
secondary  veins,  being  thicker  and  ascending  as  Teniaryveinlets  to  half 
the  leaf,  iiuastomosiDg,  with  branches  of  the  true  secondary  veins.  This 
species  closely  resembles  Asimina  trHoba,  Dun,  by  the  foi'm  and  size  of 
the  leaves,  and  A.  parn^ra,  \)aa,  by  the  nervation.  A  fruit  of  this 
genus,  A.  leiocarpa,  Lsqs.,  has  been  published  fVom  the  Missiwippi 
Eocene. 

&.CEB  TBILOBATUM,  TAB.  VRODUGTUlt,  AL  Bt.  in  Hwi^  SI.  SlfCt.  JBUTi 

Yol.  m,  p.  47,  PL  6X7,  Figs. «  to  12. 

Among  other  ft«gmentB  repreaentiiig  thia  species,  there  is  a  laree 
leaf  preserved  entire  lA-oent.  funs;  BMBOtnd  at  base  to  a  loqepqtiow, 
enlarging  in  the  middle  into  two  loDg,  sharply  tapw-poiote^  nearly 
entire  lobes,  with  obtaue  atnosMa  and  a  mid^- dsBBatBd  Ui^atVked 
by  large  distant  teetb,  a  form  naeiaUing  ttat  m  Baeaf  toe.  gjt, 
Figs.  8, 11, 12.  Tbe  QBRO*  baM  and  taperyfatadihlMa  ■■■■—  i&Wg. 
8,  and  the  medial  laM  wtlh  Mi  base  MdargeA  ta  Ibealitaaart 
in  Figs.  11  aod  12.  OsrlMfiaat  least  twiaan  laxflaaaithB/ 
ones;    SoBie  plecw  of  AMa  -^  tkm  aattw  looall^  ' 


Acer  wiUi  email  oval  vaUat  aid  akmnr  ORflb  wiaABat-lacBBiittaB 
those  represented  in  Heen  loci  ait^  PL  ezu,  Fig.  2^  irhiidt  Uw  author 
ret^era  to  Aoar  grotm  ifJaftrfwsi.  •  V%.  IM^boinenr,  liaa  tost  In  its  vp^ex 
part,  a  fruit  like  the  one  of  Fig.  21,  still  smaller,  referred  to  Acer  trifo- 
batum.  In  ours,  the  «npp<«t  of  toe  wlbg  <m  the  border  is  scarcely 
inched. 

Paliubus  Colohbi,  Heer,  iu  Bept.  1871,  p.  288. 

A  large  number  of  leaves  all  of  the  same  ebaracter  as  those  described 
from  the  Washakie  group. 

ZizTpmjs  Mi^uui,  ^.  fuiv. 

Leaves  ovoid,  obtaaely  acnminateorobtBBely  pointed,  rounded  to  the 
lietiole,  obtusely  crenate,  three-nerped  from  the  base. 

Many  leaves  of  this  speciea  were  fonnd  at  Oarbon  by  Professor  B.  F. 
Meek  and  myself.  The^  difi^  litUe  In  their  characters,  being  only 
slightly  more  or  less  wide.  They  average  5  cent,  in  length,  from  2^  to 
3  j  cent,  broad ;  the  borders  are  orenate  &om  near  the  base  to  the  obtose 
point,  the  three  primary  veins  are  simple,  the  lateral  ones  ascending  to 
or  quite  near  the  point  of  the  leaves.  In  the  broader  leaves  there  is 
from  the  base  a  second  pair  of  lateral  veins,  which  follow  the  borders  to 
the  middle  of  the  leaf;  the  substance  is  somewhat  thick,  sab-coriaceous, 
the  surface  being  generally  covwed  by  a  thin  coating  of  carbonaceoas 
matter  which  obliterates  the  flbriUfe.  These  are  in  a  right  angle  with 
the  medial  nerve.  The  species  is  allied  to  Zixyphua  ovatm,  Web.,  in 
Pal.,  Vol.  VIII,  p.  89,  PI.  vi,  Fig.  1,  at  least  for  its  nervation.  It  has 
also  some  analogy  with  Zismhva  hyperiorem,  Heer,  ttom.  which  it  diflin's 
by  shorter,  broader  leaves,  &c. 
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BiiA3iNUS  GOLDIANUS;  var.  LATiOR,  Lsqx. 

Described  with  specimens  from  Golden. 

JuoLANS  DENTicuLATA,  Heer,  in  Bept.  1871,  p.  298. 

A  large  form,  only  found  in  fragments.    It  may  be  a  new  species. 

Carhany  above  coal. 

Taxodium  bubixjm,  Stemb. 

The  same  small  form  as  the  one  pnblished  by  Heer  in  Arct.  Flor.  I, 
p.  89,  PI.  ii,  Fig.  24  to  27.  It  is  represented  by  a  number  of  small  but 
distinct  specimens. 

POPULUS  ATl'ENUATA,  Al.  Br. 

Found  also  below  the  coal  of  the  same  locality. 

QxjEBOUS  AGRODON,  Lsqx.,  Am.  Jour.  Sci.  and  Arts,  1868,  p.  205. 

A  good  specimen  of  this  fine  species.  The  ovate  i)ointedleaf,  wedge- 
form  to  the  petiole,  has  the  borders  deeply  cut  into  large,  sharp  teeth, 
with  straight,  mostly  simple,  secondary  veins,  passing  in  an  acute  angle 
to  the  point  of  the  teeth.  In  this  new  specimen,  the  upper  secondary 
veins  are  slightly  curved  in  ascending  to  the  borders. 

CoRYLUS  McQuARRYi,  Heer,  in  Bept.  1871,  p.  292. 

Bepresented  by  fragmentsiaud  in  various  forms.  I  have  not  seen,  as 
yet,  an  entire  leaf  of  this  species. 

Fagus  Deucalionis,  Ung. 

The  same  form  represented  in  Arct.  Fl.  I,  PI.  xlvi.  Fig.  4.  Speci- 
men found  by  Professor  B.  F.  Meek. 

Platanus  aceroides,  Gopp. 

A  number  of  specimens,  all  imperfect,  referable  to  this  species  by  the 
larger  size,  the  thickness  of  tlie  leaves  and  the  coarseness  of  nervation. 

«   ZiZYPHUS  Meeiqi,  Lsqx. 

Described  above  ft'om  si)ecimens  of  the  lower  shale. 

ZiZYPHUS  hyperboreus  (!)  Heer,  Fl.  Arct  I,  p.  123. 

Leaf  large,  broadly  lanceolate,  largest  below  the  middle,  rounded- 
attenuated  to  the  short  petiole,  tapering  into  a  long  linear  point,  irregu- 
lajrly  crenate ;  five-nerved  from  the  base. 

This  leaf  is  10  cent,  long  with  its  short  or  broken  petiole,  5  cent, 
wide ;  the  first  lateral  veins  are  as  deep  and  thick  as  the  medial  one, 
nearly  aerodrome ;  the  marginal  ones,  thinner,  ascending  to  above  the 
middle;   the  Tertiary  veins,  or  fibrillse,  are  obliterated.     This  leaf 
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resembles  the  Agum  of  this  species  as  given  in  the  OroenL  Flor%  PL  1^ 
Fig.  20.  It  is,  however,  loDger,  and  the  lateral  veins  are  stronger.  The 
borders,  mostly  erased,  appear  obtusely  crenate. 

JUOLANS  BX7G08A,  Lsqs. 

Broken  specimens  of  a  latge  form  of  this  species. 

There  are  stQl  a  number  of  small  firnits  or  seeds,  which  should  be 
named  from  Oarbon  spedmens.  As  their  relation  to  living  species  is  as 
yet  unknown,  it  is  impossible  to  describe  them  dearly  enough  to  give  a 
good  ideaof  their  forms^  without  figures.  Among  them  is  that  OorMlftJkm 
eoocuUndeSj  Heer,  in  Bept.  1^7  JUp.  290,  whidi  I  have  found  also  at  Golden, 
Black  Butte  ana  Evanston.  They  are  reserved  finr  publication  in  a  final 
report 

The  upper  shales,  where  the  leaves  and  most  of  the  flruits  Were  ftrand, 
near  the  Carbon  mines^are,  though  hard. easily  dis^gr^gated under 
atmospheric  influence.  They  are  formed  oi;  sandy  grayish  day  and  con- 
tain small  Tertiary  spedes  of  moUusks  mixed  with  the  vegetable  re- 
mains. These  are  very  distinct,  their  surflftce  being  coated  by  a  peHide 
of  coaly  matter.  Could  there  be  some  flresh  shale  obtainable  one  might 
have  at  Carbon  rich  and  valuable  spedmens  for  the  study  or  the  botan- 
ical paleontology  of  tlie  Upper  Lignitic. 

Black  BuUe  Station. 

The  largest  part  of  the  specimens  from  this  locality  are  from  a  bed  of 
sandy  yellow,  somewhat  hard  shale  overlying  the  main  coal,  in  foUow- 
ing  the  bed  behind  the  hills,  back  of  the  opening  into  the  vdn.  The 
shale  splits  horizontally,  and  the  leaves  may  be,  with  some  care, 
obtained  in  a  good  state  of  preservation.  A  number  of  spedmens 
Clescribed  separately  were  found  at  a  higher  level ;  at  one  place  in  con- 
nection with  Sauriaii  bones,  at  another  with  small  Tertiary  shells. 

Sphebia  Mybicjs,  ftp,  nor. 

A  small  species  upon  leaves  of  Myrica  Tarreyij  Lsqx.,  forming  rings 
1  mill,  in  diameter,  with  round  black  borders  and  very  small,  scarcely 
perceptible,  scattered  perithecia.  Besembles  Xylomites  varinsy  Heer, 
Fl.  Tert.  Helv.,  PL  i,  Kg.  9. 

Opegbapha  antiqua,  «p.  nov. 

Nncleons  linear,  from  1  to  4  mill,  long,  larger  in  the  middle,  pointed 
at  both  ends,  either  single  or  united  in  two  or  tbAb  in  opposite  direc- 
tions, sometimes  flexaous ;  perithecium  thick,  split  in  the  middle,  hard. 

The  specimen  shows  the  print  or  counterpart  of  this  species  molded 
into  clay,  where  the  nuclei  have  been  either  left  imbedded  or  have 
marked  their  forms  very  distinctly.  They  grew  fl^on  a  large  stem  of 
Caulinites  sparganioides^  Lsqx. 

Halimenites  ma  job,  Lsqx. 

Described  above  from  the  Baton  Mountains.  The  finest  specimens 
of  this  species  are  seen  in  the  sandstone  below  the  coal  of  this  locality. 
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Sequoia  Langsdorfu,  Ueer,  Fl.  Tert.  Helv.,  p.  54,  PL  xxi,-  Figs.  3 

aud  4. 

By  the  obtusely-pointed  leaves,  their  decurrent  base,  their  size,  &c., 
our  specimens  are  evidently  referable  to  this  species.  Fragments  of 
conifers,  though  very  abundant  in  the  bottom  clay  of  the  lignite  beds, 
are  rarely  found  in  the  shale  overlying  them. 

Phbagmites  Oeningensis,  A1.  Br. 

Numerous  fragments  of  leaves. 

Flabellaria  eocenica,  sp.  nov. 

Petiole  long,  flat^  smooth,  truncate  at  the  point  of  union  of  the  rays. 

The  petiole  is  broken  two  inches  below  its  top,  which  is  exactly  flat 
or  truncate ;  the  rays,  about  30,  are  much  diverging  and  expanding, 
from  1  mill,  wide  at  the  point  of  union  with  the  petiole,  to  3  cent,  at  a 
short  distance  above  where  they  separate:  primary  veins  eight,  large, 
obtuse ;  space  between  them  irregular,  marked  by  12  very  thin  obsolete 
secondary  striae.  By  the  truncate  point  of  the  rachis  the  species  is  like 
Fig.  4,  PI.  i,  of  Flora  Haringa.,  £tt.,  which  the  author  considers  as  an 
intermediate  form  between  F.  Martiiy  Ung.,  and  F.  raphifolia^  Sternb. 
Our  species,  however,  has  the  top  more  straightly  truncate,  with  a  flat 
smooth  petiole. 

Sabal  Campbellii,  (!)  Newb. 

Represented  by  fragments  of  leaves  or  rays  with  obsolete  nervation, 
and  fruits  referable  to  Carpolithes  palmarumj  Lsqx. 

Smu^ax  obtusangula  (?)  Heer,  FL  Tert.  Helv.  II.,  p.  166,  PI.  cxlvii.,' 

Fig.  25. 

Leaf  large,  coriaceous,  entire,  hastate-cordate,  seven-nerved  from  the 
base. 

The  leaf  is  too  imperfect  for  precise  determination ;  the  lower  part 
only  is  preserved.  The  lobes  are  still  longer  and  less  obtuse,  or  slightly 
more  acute  than  in  the  quoted  figures  of  this  species.  It  is  probably  a 
new  one.  The  division  of  the  veins  and  their  direction  in  the  auricles 
cannot  be  seen. 

Caulinites  sparganioides,  sp.  nor. 

Stem  12  mill,  broad,  flattened,  horizontally  wrinkled  or  warty,  with 
distantly  articulations,  and  comparatively  large  rootlets;  branches 
alternate,  distant,  bearing  sessile  small  ears,  or  groups  of  flowers. 

Fragments  of  tliese  stems  are  numerous.  The  branch-scars  are  deep, 
round,  marked  in  the  center  by  a  mamilla,  either  smooth,  or  with  rays 
diverging,  star-like.  Smaller  scars  of  the  same  form  mark  the  point  of 
attachment  of  ovate-cylindrical  bodies,  3  mill,  in  diameter,  club-shaped  or 
ovate-pointed,  marked  by  protuberances  like  a  receptacle  with  seeds. 
One  of  the  branches  bears  three  oval-pointed  buds  at  a  distance  of  1 
inch ;  one  of  them  is  open  and  appears  to  contain  small  seeds  compressed 
between  ovate,  striate^  thin  involucels.  A  specimen  with  fragments  of 
dtems  and  branches  oi  this  species  is  covered  with  small  seeds,  placed 
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star-like  apon  a  sligfaUy  inflated  dKnrt  pedteel;  the  seeds  are  obovate, 
apparently  surroanded  by  a  perigyninm  like  seeds  of  Carex^  o^  rather 
mmilar  by  form  and  position  to  those  published  by  Heer.  VL  Tert 
Helv.  III.,  p.  171,  PL  ezlvii^  Fig.  28,  as  IMmrpia  MiMtofo.  The  bods 
along  the  stems  are  sesrile  and  may  xepreeent  unopened  roeeptades. 
The  relation  of  these  remains  is  as  yet  unknown.  The  stems,  distantly 
articulate,  bearing  sometimes  one  large  branehHMsar,  with  smaller  soars 
in  rows,  might  be  comparable  to  ^iragwiUea.  But  they  are  entirely 
smooth^  not  striate  in  the  lengfli,  and  moieoyer  diflisr  by  the  mode  of 
branching,  and  by  the  form  of  the  scars.  The  relation  to  £^fargamimm 
seems  at  first  adknittable  on  account  of  the  small  sessile  groaps  of 
flowers,  or  of  fructification;  but  this-analogy,  too,  is  rendered  donbtftd 
by  the  mode  of  branching  and  the  articulations  of  the  stems. 

POPUI-TJS  ATTENUATA,  AL  Bv. 

A  small  leaf,  with  stronglv  oreuate  borders.  'The  leaf  is  still  smaller 
than  the  one  in  FL  Tert  l^lv.,  PI.  Ivli.,  Fig.  8,  and  could  be  refiured  to 
»  variety  of  Popului  muUMlU^  rtfando  orenuta^  but  Ibr  the  deeply 
crenate  border  and  the  thinner  substance  of  the  lead 

PoPTTLUS  ustTCOPHTixA,  Uug.,  iu  Bcpt  1871,  p.  29S. 

A  small  leaf,  with  the  borders  less  deeply  undnlate-lobed  than  in  tihe 
Ibrm  represented  from  European,  and  especially  from  AlaiAn  specimens. 
They  are  merely  deeply  undulate.  The  nervation  is  distinctly  that  of 
the  species. 

Mtsioa  ToBBBYi,  $p.  nov. 

Leaves  membraoaceons,  narrowly  lanceolate,  tapering  to  a  long,  linear^ 
narrow  point,  gradually  narrowed  to  a  short,  broad  petiole,  mstantly 
toothed,  penninerve. 

The  medial  nerve  is  broad,  secondary  veins  numerous,  variable  in 
distance,  emerging  on  a  broad  angle  of  divergence,  60^,  ascending  to  a 
marginal  vein  which  follows  the  borders,  separated  oy  interm^iate 
veinlets,  anastomosing  with  them  in  broad,  irregular  meshes.  The 
leaves  vary  from  1^  cent  to  3  cent,  wide,  the  largest  is  16  cent,  long 
ih)m  the  base  of  the  petiole,  which  is  2  cent ;  most  of  the  leaves  are  of 
the  larger  size;  the  borders  are  distantly  but  distinctly  obtusely 
toothed,  as  in  Myrica  fBanksiaJ  Umgifoliaj  Ett,  to  which  this  si)ecies  is 
closely  related.  It  is,  however,  by  its  nervation,  a  true  Lamatia^  and  by 
this  character  is  referable  to  Lamatia  harealiSy  Heer,  Fl.  Bait,  p.  79^  PL 
xxiv.,  Figs.  9  to  13,  difTering  essentially  from  it  as  from  Myrica  long\foliay 
by  the  large  size  of  the  leaves,  &c.  The  positive  relation  of  these  leaves 
to  the  genus  Lomatia  seems,  however,  controverted  by  the  presence  of 
small  oval  seeds,  apparently  seeds  of  Myrica.  on  the  same  shale  as 
the  leaves.  These  nutlets  are  3  mill,  long  ana  nearly  as  wide,  obtuse 
on  one  end,  slightly  pointed  at  the  other,  convex  and  narrowly  obscurely 
striate,  resembling  the  fruits  of  Myrica  aetemtnafa,  Ung.,  as  published  in 
Heel's  Arct.  Fl.,  p.  102,  PI.  iv..  Figs.  15  and  16.  One  of  my  specimens 
has  even  a  fragment  of  a  small  catkin,  like  that  represented *in  Fi^.  ISa. 
It  is  therefore  advisable  to  consider  this  fine  species  as  belonging  to 
Myrica, 
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FlCUS  PLANICOSTATA,  ftp.  nov. 

Leaves  large,  tbiekisb,  entire,  elliptical  or  broadly  ovate,  slightly 
X)oiiite<l  or  obtase,  ronnded — snboordate  to  a  abort  petiole,  three-nerved 
from  the  top  of  the  i)etiole,  penninerve  above,  nervation  comptodrome. 

Species  represented  by  a  large  number  of  fine  specimens.  The  basi- 
lar secondary  veins  are  branched  ontside,  5  to  6  times,  the  upper  lateral 
veins  at  a  distance  from  the  basilar  ones,  are  closer  to  each  other,  aU  on 
the  same  acute  angle,  3(P,  to  the  broad,  flat,  medial  nerve,  ascending  to* 
the  immediate  borders  where  they  curve,  following  them  as  marginal 
and  anastomosing  in  bows  from  one  to  the  other.  These  secondary 
veins,  too,  are'broad  and  flat;  nervilles  very  distinct  in  right  angle  to  the 
veins.  The  size  of  these  leaves  vary  trom  7^  to  12  cent,  long,  and  from 
5  to  10  cent.  wide.  This  fine  species  is  distantly  related  to  Ficus  Schim- 
periy  Lsqx.,  of  the  Mississippi  flora. 

FiCUS  PLANICOSTATA,  Var.  LATIFOLIA,  Lsqx. 

This  form  differs  so  much  Ax)m  the  primitive  type  that  it  should,  per- 
haps, be  considered  as  a  distinct  species,  though  the  nervation  is  the 
same.  The  leaves  are  broadly  round,  broader  than  long,  with  a  shorty 
scarcely-marked,  obtuse  point,  cordate  at  base,  with  the  borders  curv- 
ing downward  and  slightly  decurring  on  the  short  broad  petiole. 
These  leaves  are  10  cent,  broad  and  7  to  8  cent,  long,  resembling  Ficus 
til/kefolia^  A.  Br.,  but  of  a  thinner  texture,  of  equilateral  base,  and  of 
less  coarse  nervation.  Though  there  is  no  transitional'  form  oetween 
this  form  and  that  described  in  the  former  species,  I  consider  them  as 
yet  as  varieties. 

The  shales  bearing  these  leaves  have  also  some  small  fruits  of  Ficus,. 
probably  referable  to  the  same  species.  They  are  nearly  round,  abruptly 
narrowed  to  a  short,  broad  pedicel,  irregularly  wrinkled,  of  the  same 
size  and  form  as  the  fruits  of  Fious  dimidiatay  Gray,  of  Ouba. 

On  the  same  specimens,  too,  there  is  a  slender  branch  with  oppo- 
site, small  leaflets,  which,  though  still  unopened,  are  referable  to  this^ 
species  by  their  nervation.  The  branch  is  smooth,  inflated  at  the  point 
of  attachment.  It  bears  two  pairs  of  these  leaves  at  a  distance  of  2^ 
cent.,  with  naked  opposite  branchlets  between  them.  These  leaves  are 
scarcely  2  cent.  long. 

FiCUS  TILI^FOLIA,  (?)  Al.  Br. 

A  mere  fragment  of  a  large  leaf,  referable  to  this  species  on  account 
of  its  coarse  nervation  and  rugose  surface. 

Ficus  CLiNTONi,  «p.  nor. 

Leaves  of  a  thinner  substance,  comparatively  small,  entire,  broadly 
ovate,  oblong,  obtuse,  rounded  at  the  base,  three-nerved  from  the  top 
of  the  petiole,  with  two  upper  pairs  of  secondary  veins  at  a  distance 
from  the^  base,  camptodrome. 

This  species,  represented  by  numerous  specimens,  has,  too,  some  like- 
ness with  the  varieties  of  Funts  planicostatay  Lsqx.  It  has,  however, 
leaves  of  much  thinner  texture,  with  only  two  pairs  of  secondary  veins 
at  a  great  distance  from  the  basilar  ones,  all  much  smaller  in  size,  va- 
rying from  3  to  6  cent,  long,  broadly  oval,  entire,  and  more  or  less  un- 
dulate on  the  borders.    The  two  basilar  lateral  veins  ascend  bv  an  acute 
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angle  of  divergence  to  the  borders,  near  fhe  middle  of  the  leaveB,  wbeMi 
without  carve,  th^  enter  the  margin  and  follow  it.  The  two  npper 
pairs  of  lateral  veins  are  nearly  opposite,  diverge  from  the  medial  nerve 
in  a  less  acnte  angle,  and  enter  and  follow  the  borders  like  the  oilier 
divisions,  the  flbriOes  are  thick,  their  divisions  and  the  aiecdation'  -dUui- 
tinct  A  WntifUsmaU  species,  very  distinct,  though  the  diflJareoeeB  are 
scarcely  appreciable  from  description. 

FlOUB  (t)  OOBTLIFOLIUS,  ip.  MOr. 

Leaves  thick,  coriaceous^  oblong  or  ovate— lanceolate,  entire,  tsper- 
in^  downward  to  a  petiole^  penninerve;  medial  nerve  thick;  seoonaaiy 
veins  alternate,  mostly  craspedodrome. 

These  leaves,  represented  in-  many  specimens,  are  deeply,  coarsely 
veined,  the  lowest  secondary  veins  mnch  divided,  their  brancnes  anas- 
tomosing in  bows  along  the  borders^  the  npper  ones  passing  to  tiie  bor- 
ders and  entering  them  like  their  diviaionL  or  craspedodrome,  therefore 
with  a  complex  narration  like  the  leavcfs  of  some  i^ecies  of  Qmmmu* 
The  leaves  vary  ftom^  ovate-pointed  to  broadly  lanoeohite.  I  do  not 
know  of  any  relation  to  tMn  species. 

FiGUS  HAYDSNn,  9.  nev. 

Leaves  snbcoriaceons,  entire,  ovate,  tapering  into  a  long  twisted  aen- 
minate  point,  roond  tnumate,  or  attenuated  wedge  form,  to  a  long  peti- 
ole: pinnately  nerved. 

These  leaves,  with  the  form  of  leaves  of  2\i!pidM,  are  relsited  to  those 
of  Fietu  appendteukao  or  FUmi  paputhu^  Heer.  They  are^  however,  pin- 
nately nerved,  with  numerous  open  parallel  secondary  veins,  enrvingin 
passing  to  the  borders,  and  unitmg  in  bows  to  the  upper  ones  at  a  smvt 
distance  fh>m  the  boraers.  These  secondary  veins  scarcely  branch,  but 
they  are  joined  at  intervals  by  strong  flbrill® }  their  angle  of  divergence 
is  about  400.  The  nearest  relation  to  this  species,  in  fossil  plants  at 
least,  is  FicuH  maravignay  Mass.,  FL  Senig.,  PL  xxxi,  Fig.  7. 

Platakus  Ouillelsils:,  Gopp. 

Very  rare  in  the  shale  of  Black  Batte ;  represented  by  one  good  speci- 
men only. 

Benzoin  antiquum  (!)  Heer. 

One  leaf  referable  to  this  species  is,  by  its  form  and  nervation,  like 
Fig.  1,  PI.  xc,  of  FL  Tert.  Helv.  It  is,  however,  indistinct,  and  its 
specification  somewhat  uncertain  like  that  of  the  leaf  from  Golden. 

Diospmos  BBACHYSEPALA,  Heer,  Fl.  Tert.  Helv.  Ill,  p.  11,  PI.  cii. 

Figs.  10  to  14. 

Leaves  entire,  lanceolate,  obtusely  ]>ointed,  narrowed  to  a  petiole, 
pennately  nerved,  lateral  veins  oblique,  brachiododrome. 

A  number  of  specimens,  all  agreeing  with  the  figures  and  description 
of  this  species.  The  petiole  is  12  mill,  long,  the  secondary  veins,  emerg- 
ing at  an  acute  angle  of  divergence,  are  somewhat  distant,  curve  in 
bows,  and  anastomose  along  the  borders. 
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DiosPiROS  ANGEPS,  Heer,  Fl.  Tert  Helv.  Ill,  p.  12,  PI.  cii,  Figs.  16  to  18. 

The  leaves  of  this  species,  of  which  we  have  also  many  specimens 
from  the  same  locality,  are  proportionally  broader  and  shorter,  with  a 
shorter,  thick  petiole;  the  nervation  is  more  simple,  the  secondary 
veins,  and  their  divisions  more  irregularly  branching  and  anastomosing, 
and  the  base  of  the  leaves  more  rounded  to  the  petiole.  The  secondary 
veins  branch  outside,  and  their  bows  along  the  borders  are  formed  by 
anastomose  with  the  upper  branches ;  the  Tertiary  divisions  are,  how- 
ever, simple.  The  lower  pair  of  secondary  veins  is  generally  opposite 
the  other  alternate,  all  more  curved  in  ascending  than  in  the  former 
species. 

Viburnum  marginatum,  «p.  nov. 

Leaves  broadly  ovate,  or  obovate,  cuneiform  to  the  petiole,  round  trun- 
cate upward,  abruptly  short-pointed,  regularly  toothed,  strongly  pin- 
nately  veined,  craspedodrome. 

This  species  is  represented  by  a  large  number  of  specimens,  indicating 
its  numerous  distant  forms.  So  different,  indeed,  are  some  of  these 
leaves  that  but  for  the  permanent  character  of  their  nervation  it  would 
be  imi>os8ible  to  consider  them  as  representing  the  same  species.  The 
small  leaves  are  about  5  cent,  long,  half  as  broad  in  the  upper  part,  or 
above  the  middle,  tapering  downward  to  the  petiole.  The  largest  are  12 
to  14  cent,  long,  fully  as  broad  below  the  middle,  abruptly  contracted  to 
the  petiole,  rounded  upwards,  or  often  nearly  truncate  to  a  short  point 
entered  by  the  end  of  the  medial  nerve.  The  secondary  veins  are  like 
the  medial  nerve — broad,  straight,  distinctly  marked.  5  to  6  pairs,  at  an 
acute  angle  of  divergence,  15  to  20^,  all  more  or  less  oranching  outside, 
according  to  their  position,  the  branches  straight,  the  largest  ones  sub- 
dividing, and  all  the  divisions  entering  the  point  of  sharp  teeth  turned 
outward,  regular  in  form  and  distance.  The  petiole  is  half  an  inch  long, 
inflated  at  its  base.  The  fruit  is  oblong,  round,  truncate  at  one  end, 
round,  shor^pointed  at  the  other,  contracted  in  the  middle.  By  its 
nervation  this  species  is  closely  allied  to  our  Viburnum  pubescensj  Pursh ; 
the  dentation  of  the  leaves  is  like  that  of  Viburnum  dentatum^  L.,  while 
the  veins  and  their  divisions  are  of  the  same  type  as  in  Viburnum  Ian- 
tanaideSy  Mich.,  and  covered,  as  these,  by  a  thick  coating  of  villosity. 
It  extends,  too,  around  the  borders,  marking  them  in  black,  like  the 
veins  and  their  divisions,  and  forming  a  narrow,  distinct  border  all 
around  the  leaves.  The  fossil  leaves  especially  differ  from  those  of  the 
living  species  by  their  attenuated  or  wedge-form  base.  Some  of  the 
species  of  Viburnum  and  Tiliaj  described  by  Professor  Newberry  in  his 
notes  on  the  extinct  floras,  appear  to  be  referable  to  this  species ;  but 
from  the  descriptions  it  is  not  possible  to  make  an  exact  compari- 
son. The  ultimate  nervation  is  distinct  in  many  of  our  leaves.  The 
thick  flbrUla)  in  right  angle  to  the  secondary  and  tertiary  divisions 
branch  irregularly,  forming  an  irregular  loose  netting  of  mostly  pen- 
tagonal mesbes.  The  leaves  are  dentate  only  from  below  the  middle, 
or  from  the  i)oint  where  the  secondary  veins  or  divisions  reach  the 
borders. 

Viburnum  Wymi>eri,  Heer,  Arct.  FL,  II,  p.  475,  PI.  xlvi,  Fig.  16. 

Leaf  ovate,  narrowed  to  an  obtuse  point,  wedge-shaped,  rounded  to 
the  base,  penninerve,  craspedodrome. 
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Our  leaf  is  dightly  amallen  bat  ezaeUy  of  fbe  same  fom  and  nerva- 
tion as  that  published  by  Heer  firom  iforth  Greenland.  It  evidently 
differs  from  F.  margiiuLtum  by  its  more  rounded  and  elongated  form.  1^ 
the  nervation  less  deeply  marked,  the  veins  not  blackened,  and  less 
divided)  the  upper  seeondaTy  veins  simple,  the  tertiary  areolrapn  more 
deeply  and  equally  marked,  and  the  borders  less  deeply,  aontdy,  and 
equally  dentate.  In  the  Bpitsberg  flora  ProfBsaor  Heer  has  deaoribed 
and  figured  PI.  XIII,  Figs.  3  to  23,  some  fruits  which  he  refers  to  ttiis 
species.  Their  form  is  different  ftom  that  of  the  fruit  of  Vibyumum  mar- 
ffinatumj  which  resembles  that  of  Fig.  24,  of  the  same  plate,  referred  to 
Viburnum  maonmpermumj  Heer,  known  only  from  seeds,  ours  being 
merely  slightly  smaller,  with  a  small  point  in  the  middle  of  the  round 
truncate  top. 

YlBntNUM  CONTOETXJM,  «p.  nOV. 

Leaves  small,  obovate  or  nearly  round,  unequal  at  base,  rounded  on 
one  side,  attenuated  at  the  other,  curved ;  borclers  entire  or  obscurely 
serrate :. nervation,  pinnate,  craspedodrome. 

Two  leaflets  of  this  specieiB,  which  might  be  considered  as  varieties  of 
Viburnum  marginatianj  but  for  the  irregular  and  different  form  of  tiie 
leaves,  and  their  entire  borders ;  one  of  the  leaves,  however,  is  slightly 
toothed.  The  nervation  is  of  a  same  type,  but  tiie  secondary  veins  more 
distant  and  less  numerous. 

CiSSrS  LOBATO-OKENATtJS,  9p.  nov. 

Leaves  thickish^  coriaceous,smooth,  nearly  square  in  outline ;  abruptly, 
short  obtusely  pointed,  round  truncate  to  abroad  petiole,  orenate  short- 
lobed  all  around ;  nervation,  tri-nerved  from  the  base,  alternately  pin- 
nate upwards,  craspedodrome. 

A  number  of  leaves  variable  in  size  from  2}  to  9  cent.,  neiirly  square, 
with  generally  two  obtuse,  short  lobes  on  each  side,  crenate  like  the 
borders  between  them.  The  basilar  veins  branch  outside,  and  pass  into 
the  obtuse  point  of  a  lobe.  The  smallest  of  these  leaves  are  somewhat 
like  some  varieties  of  Fopulua  mutabilis  var.  repando-crenatej  Heer ;  far 
(liilerent,  however,  by  the  nervation. 

ViTis  TRicusPiDATA,  Heer,  Fl.  Bait,  p.  91,  PL  xxviii,  Figs.  18  and  19. 

lieaves  small,  enlarged  on  the  sides,  three-lobate,  lobes  i>ointed,  spar- 
ingly dentate. 

Our  specimens  present  a  true  counterpart  of  the  figures  given  of  this 
species.  It  is  related  to  the  former.  In  the  small  leaves,the  teeth  are  slight- 
ly obtu8e,but  in  the  large  oues  they  become,witli  thelobe8,more  distinctly 
l>oiuted.  Per  contra,  the  large  leaves  of  Cmus  lobato-crenatus  are 
more  and  more  obtusely  and  obscurely  crenate  and  dentate.  Both  forms, 
hovever,  may  rei)resent  varieties  of  one  species  of  Cittsus.  No  transi- 
tion is  remarked  from  one  form  to  the  other  in  our  specimens. 

Magnoija  Inglefielui  (!),  Heer,  Fl.  Arct.,  p.  120,  PL  x>'iii,  Fig.  1. 

Jjeaf  elliptical,  subcoriaceous,  entire,  medial  nerve  thick  5  secondar}' 
veins  distant,  camptodrome. 

The  leaf  resembles  by  its  form  the  figure  quoted  above ;  the  nervation 
appears  about  the  same,  differing  only  by  the  lowest  secondary  veins 
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being  in  our  leaves  ou  a  broader  angle  of  divergence  than  that  of  the 
u^per  veins.  In  Beer's  Fig.  1,  loc,  city  the  lowest  veins  are  more  in- 
clined. But  in  another;^  Fig.  3a,  of  the  same  plate,  the  secondary  veins 
are  still  more  open  than  in  our  leaves,  thongh  all  parallel.  All  our 
specimens  have  the  lower  part  of  the  leaf  destroyed;  the  comi>arison, 
therefore,  is  not  conclusive,  though  these  leaves  belong  evidently  to  a 
Magnolia  of  a  same  type. 

Sapindus  caudatus,  Lsqx. 

Described  above  with  specimens  from  Golden.  The  leaves  here  are 
slightly  shorter,  narrowly  taper-pointed  or  with  a  shorter  point  than 
those  of  Golden,  indicating  thus  still  more  the  i^elatiou  of  this  species 
with  8apindu8  dubit^y  Heer. 

Aleurites  Eocenica,  sp.  nov. 

Leaves  membranaceous,  thickish,  oval,  pointed,  wedge-shaped  to  a 
long  petiole,  minutely  and  distantly  glandulosely  denticulate,  penni- 
iierve ;  secondary  veins  alternate  parallel ;  nervation  comjilex. 

Many  fragments  with  one  leaf  preserved  in  Its  whole.  It  is  C^  cent, 
long,  2^  cent,  broad  in  the  middle,  its  widest  part,  with  a  petiole  of  the 
same  length,  2j^  cent.  long.  The  nervation  is  complex  and  mixed.  The 
secondary  veins,  emerging  under  an  angle  of  40^,  either  curve  at  a  dis- 
tance or  near  the  borders  in  angular  bows,  their  branches  passing 
straight  from  the  angles  to  the  borders,  where  they  enter  a  very  small 
round  glandular  point:  or  these  secondary  veins  themselves  pass  up 
after  anastomosing  on  both  sides,  and  enter,  too,  a  small  gland  of  the 
borders.  The  same  nervation  and  same  form,  consistance,  &c.,  of  leaves 
are  marked  in  Aleurites  triloba^  Gr.,  of  Cuba.  I  consider  these  leaves 
referable  to  this  genus. 

Paliurus  zizYnioiDES,  Hp.  nov. 

Leaves  subcoriaceous,  entire,  oval,  or  obovate  obtuse,  curving  down 
ward  to  a  thick,  short  petiole,  five-nerved,  the  two  lowest  lateral  veins 
from  the  borders  of  the  petiole,  the  other  from  the  medial  vein  a  little 
higher;  camptodrome. 

The  leaves  vary  in  size,  the  largest  one,  nearly  round,  being  5  cent, 
wide.  They  are  proi>erly  three-nerved  from  the  base,  the  lowest  veins 
being  rather  marginal  ones,  much  shorter  than  those  of  the  first  pair. 
These  ascend  in  acute  angle  to  the  borders,  which  they  follow,  branching 
outside ;  the  medial  nerve  is  pinnately  divided  from  the  middle  upward. 
The  same  species,  represented  by  a  smaller  leaf,  has  been  found  at  Erie. 

Ehamnus  rectineuyis,  Heer. 

Represented  by  two  good  specimens. 

Eha^usus  Dechenu,  Web.,  Pal.,  VllI,  p.  90,  PI.  vi,  Fig.  2. 

A  broken  specimen  only,  representing,  however,  this  species.  It 
merely  differs  by  the  more  deeply-marked  nervilles.  The  secondary 
veins  are  not  as  strong  and  deeply  marked  as  in  the  former  species.  A 
broken  specimen  from  Golden  by  Professor  B.  F.  Meek  is  also  referable 
to  this. 


398  GEOLOGICAL  SURVEY  OF  THE  TERBIT0BIE8. 

RhAMNTTS  BI8COLOB,  «p.  HOT. 

Leaves  membranaceoas,  eatire,  roand  or  ovate,  narrowed  into  an 
obtuse  point,  rounded  to  the  abort,  thick  petiole;  secondary  TehiBaimple, 
8  to  10  pairs. 

A  fine  species,  with  leaves  varying  in  aze  firom  2^  to  6  cent,  oval,  or 
sometimes  round,  emarginate,  or  obtuse  at  the  point:  seoondaiy  veins 
diverging  40  to  50^,  curving  in  ascending  to  and  along  the  borders 
where  they  are  united  by  strong  nervilles :  always  discolor,  an  indicia 
tion  that  they  were  covered  with  a  viUosIty,  and  either  blaok  on  ttie 
yellow  surface  of  the  leaves,  or  yellow-  upon  tiie  black  ones,  oflton  qilit 
in  the  length  by  maceration  |  nervilles  distinct  and  distant.  It  has 
some  affinity  of  nervation  with  KkamnMi  brevifoKuif  Heer,  FL  Tert. 
Helv.,  p.  73,  PL  cxxiii,  Fig.  27,  for  the  curving  of  the  veins  ahmg 
the  borders.  The  lowest  pair  of  veins  join  the  medial  n^ve  by  a 
downward  (decurring)  cuirve.  Closely  allied  by  the  form  of  the  leaves 
and  the  nervation  to  Bkamnus  PurskianuSy  D.  C,  now  living  in  Oregon. 

JuGLAi^s  Baltica  (t),  Hccr,  FL  Bait,  p.  98,  PL  xxLc,  Figs.  9  and  10. 

A  fragment  only,  with  the  point  and  base  broken.  The  form  of  the 
leaf  and  its  peculiar  nervation  refer  it  to  this  species.  The  leaf  is  of  a 
thin  texture. 

JUGLANS  BUGOSA,  Lsqz. 

Bepresented  by  uncomplete  but  identifiable  specimens. 

Caepolithes  palhaeum,  Lsqz. 

A  few  specimens  of  the  same  characters,  form,  and  size  as  those 
obtained  at  Golden. 

Carpolithes  falcatus,  «p.  nov. 

A  small  scythe-shaped  frait,  attenuated  at  both  end^  narrowly  and 
distinctly  striate  in  the  length,  2  cent,  long,  4  mill,  wide  in  the  middle, 
pointed  at  one  end,  blunt  at  the  other.  The  relation  of  this  species  is 
as  yet  unknown.. 

Black  Butt€j  saurian  bed. 

The  station  of  this  bed  is  about  150  feet  higher  in  the  measures  than 
the  shale,  with  fossil-plants  of  the  former  section.  The  matter,  embed- 
ding leaves,  fragments  of  wood,  of  charcoal,  ash,  clay,  fossil  Cones  and 
shells  all  kneaded  and  mixed  together,  has  been  hardened  by  fire  and 
breaks  with  difliculty  and  in  irregular  fragments.  It  contains  an  abund- 
ance of  vegetable  remains,  mostly  broken,  however,  and  in  a  bad  state 
of  preservation. 

Sabal  CAMPBELLn,  Newb. 

In  large  specimens  bearing,  as  elsewhere,  the  character  of  very  narrow, 
close,  indistinct  striae  of  tlie  rays. 
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Fious  coRYLiFOLius,  Lsqx. 

Described  from  the  lower  statiou,  tlie  shale  above  main  coal.  Professor 
B.  F.  Meek  found  in  this  saariau-bed  a  fine  leaf  preserved  entire. 

Laurus  obovata,  Web.  Pal.,  YIII,  p.  66,  PI.  iii,  Fig.  4. 

Leaf  coriaceous,  entire,  oblong-ovate,  acuminate,  narrowed  to  a 
petiole,  pinnately  nerved,  secondary  veins  very  thin,  the  lowest  ascend- 
ing parallel  to  the  bonlers. 

The  lowest  veins  of  this  leaf  only  are  discernible  in  the  two  leaves 
found.  These  are  slightly  broader  and  shorter  than  the  one  figured  as 
marked  above,  and  could  be  referred  to  Laurus  bcfizoidea,  Web.,  Fig.  5 
of  the  same  plate,  but  for  the  secondary  veins  on  a  more  acute  angle  of 
divergence  and  the  narrower  medial  nerve.  I  believe,  however,  that 
both  these  leaves  of  Weber  represent  the  same  species. 

Platanus  Raynoldsii,  Newb. 

A  large  fragment  of  this  fine  species.  The  borders  are  scarcely 
dentate  or  less  acutely  toothed  than  in  the  normal  form.  The  substance 
of  the  leaves  is  evidently  coriaceous. 

Viburnum  dichotomum,  «p.  nor. 

Leaf  subcoriaceous,  thickish  ovate-oblong,  obtusely  pointed,  round, 
slightly  cordate  to  the  i>etiole,  sharply  serrate  from  above  the  middle, 
pinnately  nerved. 

The  lowest  secondary  veins  are  opposite,  at  some  distance  from  the 
upper  ones,  emerging  on  an  angle  of  3(P  to  35°,  branching  thrice  5  the 
upper  secondary  veins  are  alternate  and  dichotomous-like,  in  separating 
from  the  medial  nerve,  two  on  each  side  ,*  the  teeth  of  the  borders  are 
entered  either  by  the  point  of  secondary  vein  or  of  their  branches,  as 
in  Vihumum  marginatum^  Lsqx.,  to  which  this  species  is  allied.  It 
however  differs  by  the  greater  thickness  of  the  leaves,  the  smooth  sur- 
face, the  form  of  the  teeth,  whose  points  are  turned  upwards,  and 
especially  by  the  peculiar  nervation.  I  have  found  a  single  well-pre- 
served entire  specimen  of  this  form.  Professor  B.  F.  Meek  has  another 
fragment  of  the  same  from  the  same  locality.  This  species  is,  by  its 
leaves  at  least,  intimately  related  to  Viburnum  eUipticum^  Hook,  of 
Oregon. 

Black  Buti€j  red  baked  shale. 

These  shales  form  the  top  of  small  hills  about  at  the  same  level  as  the 
saurian-beds,  and  at  a  short  distance  to  the  east  They  are  as  hard  as 
bricks,  and  of  the  same  color.  By  disintegration  they  are  parted  in  thin 
lamellae  in  the  plane  of  stratification,  but  no  good  specimens  can  be 
obtained  by  the  hammer. 

Phragmites  Oeningensis,  A1.  Br. 

Fragments  of  roots  and  rootlets. 

Myrica  Torreyi,  Lsqx. 

Described  already  from  the  shale  above  the  main  coal  of  this  locality. 
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QUEBCUS  Wyoiongiana,  «p.  nor. 
Quercm  Olajmii  var.,  Heer,  Arcf*  Fl.,  p.  4=71,  PI.  xlix,  Fig.  1. 

A  large  ovate  laDceolate  pointed  leaf,  with  borders  nndnlate,  or  marked 
by  distant  short  teeth;  nervation  penninerve,  craspedodrome. 

Heer,  loe.  city  has  considered  this  species  as  probably  a  variety  of 
Quercus  OlafsenU  which  is  described  in  the  first  vol.  of  the  Arct. 
Flor.y  with  numerous  figures.  All  these  show  the  boirders  doubly 
and  obtusely  dentate,  with  mostly  simple  secondary  veins,  on.  a  broader 
angle  of  divergence  and  somewhat  curying  in  ascending  to  the  borders. 
In  this  leaf  of  Black  Butte,  as  in  that  considered  as  a  variety  by  Heer, 
the  borders  are  merely  undulate,  or  distantly  marked  with  short,  pointed, 
simple  teeth,  while  the  secondary  veins  are  on  a  more  acute  angle, 
straight  and  comparatively  much  branched.  The  permanence  of  these 
<2haracters,  remarked  in  our  specimens  from  Black  Butte,  force  us  to 
consider  them  as  specific. 

ErCALVPTI'S    IlAERINGIANA    (f),    Ett.,    Hiir.    Foss.     Fl.,    p.    84,    PI. 

xxviii.  Figs.  2  to  25. 

Leaves  small,  linear-lanceolate,  pointed,  tapering  to  the  base,  thickish, 
<»ntire,  medial  nerve  thick,  nervation  obsolete. 

The  similarity  of  these  two  leaves  of  ours  with  those  loc.  cit  Fig.  4, 
7,  and  11  is  perfect ;  but  in  the  European  species,  as  in  ours,  the  nerva- 
tion is  obsolete,  and  the  mere  outlines  of  leaves  of  this  kind,  without 
<romparison  of  specimens,  are  not  sufficient  for  identification. 

MacClixtockia  Lyallii,  Heer,  Arct.  Fl.,  i,  p.  115,  PL  xv.  Fig.  2. 

A  mere  fragment,  good  enough,  however,  to  show  the  characters  of 
this  remarkable  species.  It  is  the  lower  half  of  a  coriaceous,  entire, 
lanceolate,  or  oblong  leaf,  marked  by  five  primary  veins,  with  alternate 
thinner  secondary  ones,  all  nearly  parallel.  The  details  of  areolation 
are  not  discernible. 

IfHATMNUS  Clebuem,  Lsqx. 

Specjies  doscribiHl  from  Golden  specimens.  Professor  B.  F.  Meek 
found  two  tine  leaves  of  the  same  species  also  in  burnt  red  shale  of 
another  locality.  The  specimens  are  labeled  :  In  the  hilUt  icest  of  Black 
Butte. 

IvnAMNis  8AL1CIF0L1US,  Lsqx.,  Am.  Jour.  8ci.  &  Arts,  1808,  p.  206. 

Found,  like  the  former,  by  Professor  Meek,  at  the  same  locality. 

JuGLA>^s  RnAMNOiDES,  Lsqx.,  Kept.  1871,  p.  294. 

llepresented  by  a  large  number  of  good  specimens.  However,  the 
relation  of*  these  leaves  is  still  uncertain ;  some  of  them,  by  strong 
iibrillu3  and  secondary  veins  less  curved,  appear  referable  to  Rhamnus 
Eridani^  Heer,  though  ditt'erent  by  the  form  of  the  leaves,  while  others 
have  a  nervation  more  analogous  to  species  of  Juglans,  especially  to 
Juf/lans  ruffosa,  Lsqx. 
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Uvanstan. 

The  materials  taken  out  of  a  tunnel  and  heaped  near  its  month,  when 
former  explorers  visited  this  place,  have  furnished,  especially,  the  speci- 
mens from  which  the  descriptions  of  species  were  made  in  the  former 
Report  and  its  Supplement.  When  I  passed  Evanston,  these  shales, 
rich  in  remains  of  fossil  plants,  had  been  covered  with  slack,  and  the 
whole  heap  was  burning.  I  could  therefore  obtain  little  materials  in 
addition  to  those  from  which  is  derived  our  iicquaintance  with  the  flora 
of  that  locality, 

* 

PopuLUS  ARCTicA,  Hcer. 

A  species  common  in  the  Upper  Liguitic  formation,  already  remarked 
upon  with  specimens  from  Carbon. 

POPULUS  MUTABILIS  REPANDO-CRENATA,  Heer. 

A  splendid  leaf  of  this  species,  15  cent,  long,  without  the  8  cent,  long 
petiole,  and  8  cent,  broad  toward  its  round  truncate  base :  of  exactly 
the  same,  form  as  Fig.  4,  PI.  Ixii,  of  Flor.  Tert.  Helv.    This  leaf  is  dis- 
tinctly preserved  upon  a  block  of  sandstone  used  for  construction  at  the 
mines  of  the  Wyouiing  Company. 

Alnus  Kefersteikii,  Heer,  in  Rept.  1871,  p.  292. 

A  si>ecies  represented  with  numerous  and  well-preserved  remainsv 

Betula  Stevensoni,  Lsqx.,  Rept.  1871,  p.  203. 

Like  the  former,  very  common  at  Evanston.  I  found  mixed  with  the 
leaves  some  bracts  of  Betula^  referable  to  two  different  species.  One  of 
the  forms  is  comparable  to  the  bract  figured  by  Heer  in  Flor.  Arct.,  PL 
XXV,  Fig.  25,  which  he  refers  to  Betula  prisca^  Ett.  The  other,  with 
the  three  divisions  short  and  pointed,  is  of  the  same  type  as  that  of 
Fig.  30  of  the  same  plate  named  Betula  Forshammeri^  Heer.  Perhaps 
both  forms  belong  to  the  same  species.  I  consider,  however,  the  first 
and  more  common  one  as  referable  to  Betula  Stevensonij  Lsqx.,  most 
commonly  represented  by  its  leaves;  and  the  second  to  Betula  caudata, 
Gopp.,  a  few  leaves  of  wliich  have  been  found  at  Evanston.  With  these 
bracts  are  mixed  some  ovate-pointed  seeds,  truncate  at  the  lower 
part,  without  wings,  and  twice  as  large  as  the  seeds  of  Betula,  They 
may  be  referable  to  Alnus  Kefersteinlij  being,  for  the  upper  part  at 
least,  of  the  same  form  and  §ize  as  those  figured  by  Heer,  same  plate  as 
above.  Fig.  8.  The  lower  i^art  of  the  Arctic  specimen  is,  however,, 
destroyed.  The  shale  at  Evanston  has,  as  at  Carbon,  many  species  of 
Iruits  which  can  be  described  only  with  figures. 

DiosPiROS  LANCIFOLIA,  Lsqx.,  in  Rept.  1871,.  p.  293. 

The  leaves  referable  to  this  species  are  very  numerous  and  variable 
in  size.  I  found,  in  connection  with  them,  a  round  or  slightly  oval- 
tnmid  nutlet,  9  mill,  in  diameter,  smooth^  like  that  of  some  species  of 
Prunus.  These  leaves  migiit  then  be  referable  to  a  thick -leaved  FrunuSj, 
like  P.  sphcerocarpaj  Lois.,  of  Cuba. 

26  G  s 
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Bhaxnus  BBomnBRTiSy  Heer. 
The  same  fonn  as  described  in  Bept  1871,  p.  296. 

Bhamnub  oboyatus,  Lsqx. 

Bepreseuted  In  two  badly  preserved  specimens.  They  ftie,  bowever, 
easily  ideniifiable. 

Bhus  BvAisrsn,  Lsqx.,  Bept  1871,  p.  293. 

The  specimeDS  are  of  the  same  size  and  forin  as  those  described  in  the 
report. 

JuGLANS  BHAMNon>E8,  Lsqz.,  Bept  1871,  p.  29S. 
Already  described  fh>m  the  same  place. 

Carta  antiquorxtm,  Kewb.,  Bept  1871,  p.  294. 

I  fonnd  a  large  nnmber  of  well-preserved  leaves  referable  to  this 
species,  some  larger  still  than  the  one  formeriy  described.  The  general 
form  is  of  the  same  type  as  that  of  Juglans  ruffosa ;  the  borders  of  the 
leaves,  however,  are  crennlate  and  the  secondary  veins  craspedodrome, 
their  points  and  their  divisions  entering  the  crennles,  the  lowest  ones 
after  cnr\'ing  along  the  borders.  There  is  a  gresA  variety  in  the  nerva- 
tion of  these  leaves.    Their  substance  is  thickish,  snbcoriaceons. 

Cassia  concinna,  Heer,  Flor.  Tert  Helv.,  Ill,  p.  122,  PI.  xxxviii,  Fig.  41. 

The  figure  given  by  Heer  represents  a  branch  of  apparently  nnfoldiug 
leaves.  We  have  one  specimen  with  a  single  leaf  so  remarkable  in  form 
and  so  exactly  similar  to  that  figure  enlarged,  41^^  loc.  citj  that  it  is 
impossible  to  doubt  that  it  represents  the  same  species.  It  Is,  however, 
uncertain  if  these  leaves  represent  a  species  of  Cassia.  The  young 
brandies  of  PeltopKorum  adnatunij  Gr.,  of  Cuba,  bear  leaves  of  exactly 
tlie  same  form.  The  half  opened  buds  of  our  Gleditschia  triacaathott 
have  also  their  leaves  of  the  same  kind. 

Calycites  hexaphylla,  sp.  nav. 

An  open  calyx  or  involucre  of  a  detached  fruit,  at  the  top  of  a  slen- 
der pedicel.  The  iK)int  of  attachment  is  round,  4  mill,  wide,  with  a  cen- 
tral small  mamilla  1  mill,  broad ;  the  follicule  dividesat  a  short  distance 
from  the  central  point  in  six  linear,  entire,  undulate,  obtuse  segments,  2 
cent,  long  from  the  central  point,  diverging  star-like,  coriaceons  and 
narrowly  striate  in  the  length.  The  central  point  evidently  marks  this 
vegetable  as  representing  a  calyx,  rather  than  a  coriaceous  corolla.  It 
may  be  compared  to  what  Dr.  Newberry  has  named  CalyciieH  polysepdUij 
though  the  form  of  the  divisions  is  far  different.  It  is  apparently  refer- 
able to  an  involucre  or  persistent  ctilyx  of  some  LanraceWj  or  perhaps  of 
some  Diospiros^  though  few  species  of  this  genus  have  hexamerons 
divisions. 
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CaRPOLITHES  ARACHIOIDES,  sp.tlOV. 

Fructification  racemose;  branches  long,  3  mill,  thick,  bearing  alter- 
nate, oblong-ovate  pointed  capsules,  striated  in  the  length,  inflated  at 
one  side  near  the  point  like  a  one-celled  pod. 

These  capsules  or  pods  are  turned  upward  in  the  upper  part  of  the 
branches,  downward  or  pending  in  the  lower  part,  2^  cent,  long,  1  cent, 
wide  in  the  middle,  rounded  to  a  short  pointed  acumen,  narrowed  to 
the  point  of  attachment,  where  they  are  generally  somewhat  more 
inflated  on  one  side  than  on  the  other,  distinctly  striate  in  the  length 
except  on  the  inflated  part  near  the  point,  where  they  are  obscurely  and 
transversely  wrinkled.  These  racemes  of  fructiflcations,  of  which  I 
obtained  good  and  distinct  specimens,  are  indeed  remarkable  3  but 
their  relation  is  as  yet  unknown.  Nothing  of  this  kind  has  been  pub- 
lished, and,  except  the  pods  of  our  pea-nut  plant,  Arachis  hypogcea,  2/., 
which  they  distant!}'  resemble,  I  do  not  know  any  living  species  to 
which  they  may  be  compared. 

CARPOLITHES  PALMARUM,  Lsqx.,  Supt,  p.  13. 

As  yet  no  remains  of  leaves  of  Sabal  have  been  found  at  Evanston  ; 
the  relation  of  fruits  from  this  loadity  to  species  of  palms  is  still 
doubtful. 

Professor  IVIeek  has,  too,'  among  his  specimens,  a  few  fragments  of 
Plutanus  Ouillelmcej  Gopp.,  already  described  from  this  locality,  and 
one  obscure  fragment  of  Platantis^  which  appears  to  belong  to  P. 
nobiliSy  Newb.  j  this  last  is,  however,  uncertain. 

JSlk  Creeic,  near  YelloKstone  River. 

Specimens  in  fragments  of  hard  metaraorphic  calcareous  shale,  mostly 
representing  pieces  of  leaves  of  Platanm  nobiliSj  Newb.,  labeled  A.  (3. 
I*eale,  Jos.  Savage,  and  O.  C.  Sloane. 

CltTERITES  ANGUSTIOR,  Al.  Br. 

« 

The  specimen  is  distinct,  and  agree  exactly  with  the  figure  of  this 
species  in  Heer,  Fl.  Teit.  Helv.,  p.  79,  PI.  xxix,  Fig.  7.  The  leaf  is  2J 
mill,  broad,  with  a  thick  medial  nerve  ^  mill,  or  more,  smooth  surface, 
and  secondary  veins  totally  obsolete.  This  fragment  of  leaf  is  enlarged 
at  its  base  (?)  into  what  appears  to  be  a  vagina,  embracing  a  cylindrical 
culm  (!)  preserved  in  its  cylindrical  form  like  a  small  branch  of  i)etritied 
wood.  The  preservation  of  this  grass  stem  is  accountable  by  the  nature 
of  the  embedding  substance,  which  is  evidently  a  kind  of  calcareous 
tufa, 

Fagus  antipofi,  Heer,  Fl.  Foss.  Alask.,  p.  30,  PI.  VII,  Figs.  4-8. 

Leaf  elliptical,  narrowed  by  a  curve  to  its  base,  lanceolate-pointed, 
entire,  membranaceous  5  secondary  veins  straight,  oblique  30°  to  35^, 
sioiple,  numerous. 

This  form  is  referable  to  Heer's  species  by  its  general  oittline  and 
characters,  especially  to  var.  a :  leaves  ovate,  lanceolate,  very  entire. 
One  leaf  is,  however,  shorter  and  broader  and  apparently  more  abruptly 
pointed,  (the  iK>int  is  broken.)  The  nervilles,  too,  are  at  right  angle 
to  the  medial  nerve  and  more  oblique  to  the  secondary  veins.  The 
nervation  is  that  of  our  living  Fagus  ftrruginea.  Ait. 
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PLATAK0B  VOVtLlBi  'Sewb. 

Bepresented  by  a  large  namber  of  firagmento. 

JuaLANS  BU<H>sAy  Lsqz. 
Only  an  obscure  Bpeclmen.  .  - :  i : 

OABPOUTHE0  06SEU8,  9.  HfW 


I  .  ■  • 

I  ' 


t'\- 


Fruit  hard,  covered  with  a  thin,  bony  shell,  oompreased,  oml^  xooiid, 
obtuse  at  one  end,  obtusely  pointed  (t)  at  the  other.  1.1 

The  point  is  half  destroyed.  This  fruit  is  6  cent,  long,  3  cent  wide  in 
the  middle,  irregularly  narrowly  striate  in  the  length  and  rugoeeon  the 
surface.  It  has  the  form  of  a  large  nut,  like  those  of  some  species  of 
Astrocaryum  of  the  Palms.  It  is  slightly  flattened|  appuentlybgreom- 
INressloD. 

Six  miles  above  Sfiring  CaHoUy  near  Fart  Ellis. 

I  have  to  place  in  a  single  division  a  ifumber  of  specimeiis  maiked 
with  three  kinds  of  labels,  for  the  reason  that  they  represent  sone  iden- 
tical species  from  the  different  localiciies,  and  appear,  therefore,  as  from 
the  same  horizon.  These  labels  are :  ^^  Ne&r  Fort  Ellis,  above  coal ;  A. 
0.  Peale,  Jos.  Savage."  ^^Above  Spring  Oaflon^  near  Fort  EUia ;  Jos. 
Savage,  W.  H.  Holmes.''  **  Six  miles  above  Spring  Cailon ;  A,  O.  Feale, 
Jos.  Savage."  All  the  specimens  are  of  a  very  hard.  metambipKlc 
shale,  breaking  across  the  plane  of  stratification,  therefore,  mere  ftag- 
meuts,  rarely  representing  an  entire  leaf.  The  localities  are  indicated 
for  the  new  or  interesting  species  of  this  section. ' 

Gymnogbamma  Haydenu,  Lsqx.,  Bept.,  (1871,)  p.  293. 

Two  specimens  of  this  species,  from  above  Spring  Canon. 

Abietites  dubius,  Lsqx. 

Described  formerly  with  8i)ecimens  from  the  Baton  Mountains,  Hie 
specimens  are  from  near  Fort  £ilis«  above  coal,  and  above  Spring  Canon. 

Abies  setigera,  ep,  nov. 

Leaves  distant,  simple,  very  narrow,  needle  form,  in  right  angle 
around  and  from  the  branches. 

These  very  narrow  filiform  leaves  are  18  mill,  long,  less  than  one  mill, 
wide,  linear  sharp  pointed,  abruptly  enlarged  at  the  base  in  the  point 
of  attachment  to  the  branches,  from  which  they  diverge  all  around  in 
right  angle.  The  leaves  are  nerved,  channeled  on  one  side,  keeled  at 
the  other.  It  has  no  relation  to  any  fossil  or  living  species  known  as 
yet. 

Salisburia  polymobpha,  Lsqx.,  Ment.  Jour.  Science  and  Arts,  (1859,) 

p.  362. 

Leaf  fan-like  in  outline,  tapering  or  wedge  form  to  the  base^  divided 
upward  in  lol)os  of  various  forms,  either  linear  oblong  obtuse  #r  lance- 
olate, short  or  deeply  parted. 
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The  medial  vein  ia  marked  to  above  the  middle,  the  veins  very  thin, 
close,  vStraight,  or  nearly  so,  dichotomous  in  ascending.  *'  From  six  miles 
above  Spring  Caiiou." 

A  very  fine  find  well-characterized  si)ecies,  mentioned  from  specimens 
in  the  collection  of  Dr.  John  Evans  from  Vancouver's  Island.  The 
plants  from  this  locality  were  described  and  figured  for  a  final  rei)ort, 
which  was  delivered  to  Dr.  Evans,  bat  has  never  been  published.  A 
short  mention  only  is  made  of  this  species  in  the  Journal.  The  pres- 
ence of  this  leaf,  easily  identified,  in  strata  evidently  Eocene,  with 
species  which,  like  Plutanus  aceroides^  Quercm  Pealci^  Clnnamomum 
RoHsmaessleri,  &c.,  cannot  be  considered  as  Cretaceous,  confirm  my 
opinion  on  the  Tertiary  age  of  coal  of  Vancouver,  loc.  cit 

Caulinites  sparganioides,  Lsqx. 
Described  above  with  specimens  from  Black  Butte. 

POPULUS  LEUCOPHYLLA,  Ung. 

A  small  leaf,  representing  the  variety  figured  by  Gaudin,  1st  Mem., 
PI.  iv.  Fig.  3. 
"  Near  Fort  Ellis,  above  coal." 

POPULUS  MUTABILIS,  VAR.  REPANDO  CRENATA,  Hecr. 

A  fine  leaf,  the  upper  half  of  which  is,  however,  destroyed.  The  pre- 
served part  is  6  cent,  long,  6  cent,  wide  in  the  middle,  the  petiole  5 
cent.  long.  The  second  pair  of  lateral  veins  is  nearer  to  the  basilar  ones 
than  in  any  of  the  leaves  in  Heer  Flor.  Tert.  Helv.,  p.  62 ;  but  this  dif- 
ference is  scarcely  noticeable  for  leaves  of  so  variable  a  species  as  this. 
Though  very  common  in  the  Euroi)ean  Miocene,  it  has  few  representa- 
tives in  our  Eocene  flora. 

Salix  angusta,  (!)  Al.  Br. 

The  specimen  represents  only  the  middle  part  of  a  linear  leaf,  4  cent, 
long,  12  mill,  wide,  with  numeroussecondary,  deeply-marked  veins,  curv- 
iiig  aloug  the  borders,  and  forming  undulate  margins  by  their  depressions. 
This  fragment  is  of  the  same  type  as  that  published  by  Ludwig  in  Pal. 
Wetter.  Brkunkohle,  PI.  xxxi,  Fig.  2(?,  which,  too,  has  the  borders  undu- 
late by  the  depression  of  the  veins.  On  account  of  the  imperfect  frag- 
ment, the  identification  is,  however,  uncertain. 

Alnus  Kefersteinu,  Gopp. 

In  broken  specimens.    **  From  six  miles  above  Spring  Caiion.^ 

QiTERCUS  Wyo^iingiana,  Lsqx. 

Like  the  former,  in  fragments.    "  From  near  Fort  Ellis,  above  coal.'' 

QuERCUS  Platania,  Heer,  var.  Rotundifolia. 

Leaf  round  in  outline,  obtuse  or  obtusely  short-pointed,  deeply  cor- 
date at  base,  borders  undulate. 

These  leaves  are  three-nerved  from  the  base,  with  two  or  three  pairs 
of  upper  secondary  veins,  parallel,  mostly  opposite,  cras[>edodrome, 
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branchiDg  oateide,  and  connected  by  Sbonj(  nervilles.  This  (brm  ap- 
pears at  first  specifically  different  fVom  Beer's  species  and  aim  ftom  the 
leaf  referred  to  it  from  Carbon.  The  leaves,  9  oeat.  broad  and  Jnst  as 
long,  liave  entire  nndnlate  borders,  and  the  base  merely  eonlate.  One 
of  them,  thu  best  preserred,  baa  only  three  pairs  of  seoondaiy  veiDa; 
the  lowest  neitrly  as  strong  as  the  medial  narre,  much  divided  ootlide, 
ascending  to  the  bonlera  in  an  angle  irf  divergence  60° ;  tbe  otber,  ata 
more  acnte  angtf,  10°,  branching,  too,  and  oonneoted  with  atnmg  ner- 
villes, the  leaf,  except  for  its  form,  ^peariog  a  leaf  oi  Plmtwuu.  A 
number  of  specimens,  however,  present  nuu-ked  diflDeienoea  intenudi- 
ate  between  this  leaf  and  those  tioai  Greenland^  not  only  in  the  netra- 
tioD,  bntin  the  basilar,  anricnlate  borders,  wfaioo,  too,  in  one  spedmen, 
are  dentate.  From  tuls,  as  from  the  leaf  described  at  Carbcm,  this 
species  appears  very  variable  and  well  represented  in  onr  norUiern  tig- 
nitic  formation.  I  have  not  seen  it  as  yet  south  of  Carbon.  Tlie  Icwf 
of  oars  has  evidently  a  long  petiole. 

LApEiTs  pRmiGENiA,  Ung.,  Fl.  v.  Sotzka,  p.  38,  ?1.  XIX,  Figs.  1-1. 

Leaves  thick,  coriaceous,  lanceolate,  tapering  to  alongpeUotef  loiv«r 
secondary  veins  at  an  aoate  angle  of  divergence. 

One  of  the  specimens  represents  the  lower  half  of  a  le^with  a  atitl 
longer  petiole,  than  marked  by  TJnger,  loo.  cit. ;  another  has  uuly  theiipper 
part  with  the  point  broken.  In  both  the  oharacter  of  uei  vatioQ  and  the 
form  of  the  leaves  agree  with  those  of  this  species.  Tb^  I'lwest  pair  of 
secondary  veins  is  at  a  more  acnte  angle  than  tbe  npiK-r  ones,  anil 
ascends  higher  along  the  borders.  In  one  of  the  speoiim  tis  some  iier- 
villes  go  ont  from  the  medial  nerve  as  intermediate  wiulets  to  tlio 
secondary  veins.  The  altimate  divisions,  however,  piis.s  into  ronud, 
very  small,  areolie,  the  whole  of  the  same  type  as  1u  L<iurm  princvp*, 
Heer. 

QuEBCUS  PBALBI,  L8q,x.,  Sept.  1871,  p.  207. 

Many  specimens  of  this  fine  species  indicate  the  form  of  the  leaves  as 
variable  fi-om  broadly  ovnte  pointed  to  oval  lanceolate-pointed.  The. 
nervation  and  the  form  of  the  obtuse  teeth  is  always  as  described  in 
Xtept.,  loG.  cit.  One  of  these  leaves  is  7^  cent,  long,  only  2^  cenL 
broiid,  while  another  is  4^  cent,  broad  and  only  5  cent.  long. 

Itepresented,  like  the  former,  by  specimens  troiu  all  the  localities  of 
this  section. 

PlaTAHDS  AOBHOIDBS,  Gopp. 

A  good  specimen,  from  sis  miles  above  Spring  Oniioa. 

Ficus  AUEICULATA,  Lsqx. 

Described  with  s{>ccimens  of  Golden.  The  collection  has  an  identifiable 
fragment,  representing  the  lower  half  of  a  leaf  from  the  same  locality 
as  the  former. 

CusNAMOUUM  bossmXsslebi,  Heer. 

Sepresent«d  by  three  specimens  from  six  miles  above  Spring  CaHon. 
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FRAxinus  dentioulata,  Heer,  Arct.  Flor.  I,  p.  118,  pi.  xlvii,  Fig.  2.. 

This  leaf  is  intermediate  between  the  one  figured  loe.  cit.,  and  another 
mnch  smaller,  with  more  acute  teeth,  (PI.  XVI,  Fig.  4.)  It  is  nearly  as 
liurge  as  the  first,  with  large,  obtuse,  distant  teeth,  but  with  a  distinct 
nervation  like  that  of  the  second,  the  lowest  secondary  veins  curving 
and  anastomosing  along  the  borders,  with  divisions  or  nervilles  enter- 
ing the  teeth ;  while  the  upper  ones  directly  end  into  them.  There  is  no 
doubt  about  the  identity  of  these  leaves  with  those  figured  by  Heer, 
but  I  am  uncertain  if  they  represent  a  species  of  Fraxinus, 

QlTERCUS  chlorophylla,  (I)  Uug. 

Same  species  of  leaves  as  those  described  under  this  name  from  Mar- 
shall. 

Nyssa  lanceolata,  8p.  nov. 

Leaves  subcoriaceous,  entire,  broadly  lanceolate-pointed,  rounded  to 
the  i)etiole,  secondary  veins  alternate,  parallel  camptodrome. 

The  leaves  are  7^  cent,  long,  4  cent,  bmad  in  the  broadest  part, 
with  9  pairs  of  secondary  alternate  veins,  diverging  40^  from  the  med- 
ial nerve,  curving  in  ascending  to  the  borders,  where  they  disappear; 
areolation  punctate.  The  nervation  and  areolation  are  as  in  our  living 
Nyssa  mvltiflora,,  Wang.  The  form  of  the  leaves,  however,  is  different, 
the  fossil  ones  being  broader  below  the  middle,  more  rounded  in  descend- 
ing to  the  petiole.  Except  Nyasa  punctata^  Heer,  in  Bait.  Flor.,  the 
European  tertiary  species  are  known  only  by  the  fruits.  The  Baltic 
8|>ecies,  like  Nys^a  (f )  vetusta,  Newb.,  are  far  different  from  this  one. 
Three  species  of  Nyssa  are  known,  by  fructifications  only,  from  the 
Brandon  lignites  of  Vermont. 
Six  miles  above  Spring  Caiion. 

Rhamnus  acuxinatifolius,  O.  Web. 

Leaves  large,  broadly  oval,  accuminate  pointed,  rounded  to  the  base; 
secondary  veins  parallel,  curving  to  and  along  the  borders ;  nervilles 
indistinct. 

These  leaves,  represented  by  two  fragments  only,  differ  from  JugJans 
rugosa^  Lsqx.,  by  round  base  and  a  less  distinct  and  more  regular  nerva- 
tion. They  may,  however,  be  mere  varieties  of  this  omnipresent  and 
polymorphous  species.    The  same  form  has  been  found  at  Golden. 

Khus  BELLA,  (!)  Heer,  Flor.  Arct.  IT,  p.  483,  PI.  hi,  Figs.  4  and  5. 

The  lower  half  of  a  subcoriaceous  entire  leaflet,  gradually  tapering 
from  the  middle  to  a  petiole,  appearing  part  of  a  compound  leaf.  The 
specimen  is  not  sufiicient  for  a  reliable  identification.  The  nervation, 
like  the  form  of  the  leaf,  are,  however,  the  same  as  in  Heer's  species. 

Above  Spring  Caiion,  near  Fort  Ellis. 

JuaLANS  RUGOSA,  Lsqx. 

The  specimens  from  all  the  localities  of  this  station  represent  distant 
varieties  of  this  species.  The  leaves  are  especially  variable  in  size, 
some  still  larger  than  the  largest  forms  of  Jvglans  acuminaia^  published 
by  Heer,  some  so  small  that  though  the  characters  taken  from  nerva- 
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tion  aud  outline  are  identibal,  th<9^  cm  BOfticely  be  Teebgnf  ttfd  M  bdiMi'g- 
ing  to  this  species.  Aiiiong  tliem  are  two  spedmens  from  abor^  ti^ 
coal  of  Spring  OafioDy  near  Furt  ElHs,  representing  fbe  samelMfl'  It 
is  G  cent,  long,  3  cent*,  wide,  elHptiQaly  lanceolate-pointed,  tapning  to 
the  petiole  in  a  round  enrve,  with  secohdary  veins  namerooa,  Ttttoble 
in  distance,  some  separated  by  shorter  velnlets,  the  lower  onecj  at  > 
broader  angle  of  divergence  than  the  superior  ones,  and  the  loweelt  Hhotter 
pair  nearly  at  a  right  angle  to  the  medial  nerve;  uervillefl  perpondMiUit 
to  the  lateral  veins.  '  If  these  characters  of  nervation  ore  tho06  bf  y«f- 
lam  rtiffosaj  Lsqx.,  ail  also  of  JuglaM  acuminata^  Heer,  they  we^'thMB 
also  of  Jvglana  vetu$1a^  Heer,  Flor.  Tert.  Helv.,  p.  90,  PL  exxvii;  Figs. 
40-44 ;  a  species  with  smaller  leaves,  of  a  fbnn  similar  to  that  of  eols. 
We  have,  however,  intermediate  specimens  which,  coming  from  the 
same  stations,  seem  to  disparage  the  separation  of  these  forma  into  t#o 

species. 

* 

JuaLANS  dbntiouulta,  Heer. 

•  ■  '  I  ■ 

The  same  small  form  as  the  one  remarked  npouiu  Bepty  1871,  >pu 
208.    The  specimens  are  fh>m  the  same  place. 

Cassia  phabbolitbs,  Ung.    Fl.  v.  Sotzka,  p.  58,  PL  xlv. 

Leaves,  membranaceous ;  petiole  elliptical,  taperi;ig  downvaid  by  a 
curve  to  the  petiole ;  lowest  pair  of  secondary  veins  at  a  distanee  from 
the  base,  opposite. 

This  species  is  figured  by  Unger,  with  numerous  leaves  and  one  of  its 
pods.  Heer,  too,  has  it  in  the  same  way  in  his  Flor.  Teit.  Helv.,  PI. 
cxxlvii,  Figs.  66  to.  74.  The  numerous  specimens  obtained  from  the 
different  localities  of  this  station  merely  represent  leaves.  These  iu 
tbeir  different  forms  und  variety  of  nervation  agree  so  well  with  the 
European  leaves  that  tliey  may  be  referred  to  tliis  species  with  little 
doubt.  The  angle  of  divergence  of  the  secondary  veins  is  variable,  as 
also  the  more  or  less  rouud^  base  of  the  leaves.  It  is  often  unequilat- 
eral. 

GENEBAL  REMARKS. 

The  following  table  of  comparison,  indicating  the  distribution  of 
species  at  different  localities,  completes,  to  this  time,  the  one  published 
in  tiie  former  report.  For  researches  like  those  which  have  been  detailed 
iu  this  paper,  aud  for  a  science  which,  like  vegetable  paleontology,  isstUI. 
with  us  at  least,  in  an  incipient  state,  a  document  of  this  kind  cannot 
be  dispensed  witii.  Besides  pointing  out  the  march  of  the  researches 
and  tbe  discoveries  made  iu  tbe  flora  of  our  Tertiary,  the  table  is  a  most 
convenient  record  to  show  at  a  glance  the  x>oints  of  relations  or  of  dif- 
ferences which  may  be  more  reliably  considered  in  the  discussion  ou  the 
[reological  «nge  of  certain  groups.  It  has  been  essentially  prepared  to 
that  purpose,  and,  therefore,  slightly  modified  or  rather  simplified,  to 
render  it  more  explicit.  The  characters  of  the  Tertiary  gronps  of  Europe 
are  not  satisfactorily  fixed  by  vegetable  paleontology'' ;  therefore,  the 
relation  of  some  ourspecies  with  separate  Miocene  divisions  is  unimport- 
ant. On  another  side,  the  few  fossil  species  known  as  yet  iu  Europe  as 
truly  Eocene,  claim  a  more  scrupulous  comparison  with  onrs  on  account 
of  the  conchision  admitted  in  the  first  part  of  this  rei)ort — ^that  the 
whole  North  American  Lignitic  formation  is  Eocene.    The  table,  there- 
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fore,  has  a  single  division  for  the  European  Miocene,  and  another  for  thd 
Eocene,  both  for  indication  of  geological  age ;  and  it  has,  too,  one  for  the 
Arctic  and  another  for  the  Alaska  Tertiary,  for  indication  of  original 
derivation  of  species  rather  than  for  comparison  of  geological  divisions. 
The  American  divisions  are  defined  by  stratigraphy  as  by  paleontology. 
The  Upi)er  Tertiary  or  the  Miocene  (?)  is  represented  in  the  Rocliy 
Mountains  by  the  Green  River  Group,  and  some  identical  strata  of  Elk 
Station  and  of  South  Park.  The  second  group  in  descending  order,  named 
as  yet  Upper  Eocene,  has  for  its  essential  members  Carbon,  Evanston, 
and  Washakie  deposits,  which  may  be  hereafter  subdivided  into  two 
stages.  The  lower  Eocene  is  considered  in  separate  geographical  divis- 
ions, of  identical  age,  as  far,  at  least,  as  it  is  known  as  yet,  the  Eaton 
Mountains,  ([golden.  Black  Butte,  and  Six  miles  above  Spring  Canon. 
Detached  areas  of  the  same  group,  which  have  as  yet  furnished  to  ex- 
amination  a  too  small  number  of  fossil  plants,  are  united  with  the 
essential  divisions.  The  Placer  Mountains  and  the  Canon  City  go  with 
the  Haton ;  the  Gehrung's,  Marshall's,  and  Erie  coal  deposits  with 
Golden ;  the  Point  of  Hock  and  Hallville,  with  the  upper  and  lower 
divisions  of  Black  Butte, ;  and  the  different  localities  at  and  around 
Fort  Ellis,  with  Six  miles  above  Spring  Canon.  More  precise  details  of 
the  distribution  of  each  species  are  given,  with  their  descriptions.  The 
Elk  Creek  division  is  as  j-et  scarcely  fixed  by  its  remains  of  fossil  plants. 
It  could  have  been  omitted  or  united,  perhaps,  with  Spring  Caiion  but  for. 
a  few  peculiar  species  which  seem  to  indicate  a  distinct  flora,  and  which 
may  aflbrd  matter  for  consideration.  The  distribution  of  the  table  is, 
besides,  cleair  and  explains  itself. 
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This  table  enumerates  tbree  hundred  and  ten  species ;  that  of  the 
former  report,  established  from  the  species  published  formerly  by  myself 
from  the  Eocene  of  Mississippi  and  Tennessee,  later^  from  the  speci- 
mens which  Dr.  Leconte  had  obtained  in  exploring  the  Lignitic  of 
Colorado  and  New  Mexico,  and  also  with  the  species  described  by  Dr. 
Newberry  from  Fort  Union,  &c.,  had  only  one  hundred  and  eighty 
species.  The  addition  to  the  flora  of  the  North  American  Tertiary 
formations  amounts,  therefore,  to  more  than  one  hundred  species.  Of 
these,  sixty-one  are  new  forms,  and  forty-two  had  not  as  yet  been  recog- 
nized in  our  Tertiary  flora,  though  published  from  other  countries.  The 
large  number  of  new  species  is  explained  in  considering  the  age  of 
the  formation  where  most  of  them  have  been  obtained ;  that  is,  in 
strata  which  pertain  to  the  Lower  Eocene  at  Golden  and  at  Black 
Butte.  The  flora  of  this  formation  is  as  yet  little  known  to  European 
paleontologists. 

Considered  merely  in  a  botanical  point  of  view,  a  number  of  these 
new  species  of  ours  are  of  marked  interest.  In  the  class  of  the  Lichens 
one  species,  Opegrapha  antiqua,  is  the  flrstof  this  family  which  has  been 
found  as  yet  in  the  old  Tertiary  formation.  Eight  species  of  Lichens 
have  been  mentioned  by  Goppert  as  recognized  in  the  amber,  and  three 
upon  the  bark  of  Lignitic  wood  of  the  Upper  Tertiary  of  Germany,  bat 
none  of  them  have  been  described,  apparently  on  account  of  the  iu- 
sufiicieucy  of  specific  characters.  These  are,  however,  recognizable  in  the 
Black  Butte  species.  This  discovery,  together  with  that  of  two  sjiecies 
of  Sphcria  and  one  of  Sclerotium  in  the  same  Eocene  formation,  proves 
that  the  scarcity  of  fossil  cryptogamous  plants  of  a  lower  order  does  not 
indicate  the  absence  of  these  vegetables  at  the  former  epochs,  but  is 
due  to  the  maceration  which  spon  destroys  the  soft  cellular  tissue  of 
these  plants.  In  the  ferns,  the  list  reports  from  South  Park  one  species 
of  OphiogI()88vm^  a  fine  genus  which  was  as  yet  known,  in  a  fossil  state, 
by  a  single  species  from  the  Upper  Tertiary  of  Ital^'.  In  the  Conifers 
we  have  a  new  ScqitoUtj  whose  relation  to  Sequoia  gigantea^  the  Cali- 
fornia big  tree,  is,  by  its  leaves  at  least,  more  intimate  than  that  of  any 
fossil  species  of  this  genus;  a  Thuya  which  claims  our  T.  occidentalism 
not  as  a  relative,  but  father  as  a  mere  variety  ;  then  an  AhieSj  which 
comes  to  our  Ahies  Canadensis  in  about  the  same  degree  of  affinity. 
These  three  species  belong  to  the  Green  Kiver  or  Upper  Tertiary  forma- 
tion. From  the  Lower  Eocene  we  have  two  species  of  the  same  genus 
Ahies,  w  hose  characters  are  at  variance  with  those  of  any  species  of  Coni- 
fers known  as  yet,  either  living  or  fossil.  One  species  of  Salisburiaj  S. 
poIymorpJiaj  already  know  n  from  specimens  of  Vancouver  Island,  merits 
also  to  be  remarked  among  the  Tertiary  Coniferous  species  as  positively 
fixing  the  Eocene  age  of  the  Lignitic  of  that  island.  In  the  Glumacece 
the  Lower  Eocene  has  a  fine  species  of  Carex^  C.  Berthoudi,  found  with 
its  seeds;  in  the  Palms,  new  species  of  JSahal  and  Flabellaria)  in  the 
Spadidflorw  two  stems,  CauUnltes^  with  their  fruits,  all  from  Golden  and 
Black  Butte.  Iligher  still  in  the  vegetable  series  we  note  a  splendid 
Myricuy  M.  Torreyi^  with  its  seeds;  the  bracts  of  Betula  Stet(nisoni\  a 
peculiar  form  ot  oak,  Quercus  platania^  Ueer,  with  a  variety  distinct 
enough  to  be  considered  as  a  species ;  a  number  of  new  species  of  Ficm^ 
one  represented  with  leaves,  branches,  and  fruits;  a  Coccoloba^  three 
new  forms  of  Vihnrmnn,  one  of  them  exposing  by  its  numerous  leaves 
and  its  fructifications  the  characters  of  three  species  of  our  present  flora; 
leaves  of  Vissus  and  Vitis^  of  Asiminay  JJomheyopsis^  Sapindtts,  RhamnuSy 
Cassia,  &c.,  all  represented  by  numerous  and  well-preserved  specimens. 
With  the  leaves  some  still  more  remarkable  fruits,  Carpolitesj  whose 
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affinity  is  nnkown  as  yet ;  especially  tbat  from  E vanston — C.  arachioide» — 
represented  by  banches  of  frnctification  resembling  tbe  eommon  pea-nut. 

The  expositiqn  of  the  general  characters  of  our  Tertiary  flora,  as  indi- 
cated by  the  nomenclature  of  a  nnmber  of  its  species,  is,  however,  far 
less  interesting  and  important  than  the  documents  furnished  by  the 
table  for  definitively  solving  the  question  of  the  age  of  the  formations 
which  the  vegetable  remains  represent.  I  shall  now  use  these  documents 
especially  as  a  final  summary  of  the  arguments  in  favor  of  the  assertion 
that  the  Lignitic  of  the  Bocky  Mountains  is,  in  its  whole,  an  Eocene 
formation. 

1st.  No  section  is  marked  in  the  table  for  the  comparative  distribu- 
tion of  the  Cretaceous  flora,  for  the  good  reason  that  it  represents  the 
same  group  of  the  Cretaceous,  and  that  as  yet  not  a  single  one  of  its 
species  is  recognized  as  identical  or  even  positively  allied  to  any  of  our 
Eocene. 

2d.  The  table  has  in  the  Eocene  division  a  number  of  fucoids  or  ma- 
rine plants,  eight  species;  and,  too,  a  proportionally  large  number  of 
palms,  all  vegetables,  which  are  not  only  .homologous  or  identical  in 
forms  to  fossil  species  of  the  European  Eocene,  but  which,  taken  alto- 
gether, constitute  two  groups  characteristic  of  the  Lower  Tertiary,  and 
of  which  not  a  single  representative,  as  yet,  has  been  found  in  connec- 
tion with  a  true  Cretaceous  formation. 

3d.  The  same  may  be  said  of  some  species  marked  in  the  same  di- 
vision ;  one  Ferriy  one  MyricOj  one  Quercus,  one  Cassia^  &c,  identical 
with  species  admitted  in  Europe  as  positively  Eocene. 

4th.  Of  the  species  enumerated  from  the  Katon,  Golden,  Black  Butte, 
and  Spring  Caiion,  a  large  number  are  allied  to  Eocene  species,  as,  for 
example,  Cinnamomtim  affine,  C  miss^issi^icme,  species  of  Fi<m8^  of  Ceano- 
thusj  JDomheyopsis,  &c.,  and,  considered  in  its  essential  groups,  Fictis,  Lau- 
rus,  Cinnamomum^  Viburnum^  CisstiSj  Magnolia,  Dombeyopsis,  Sapindus, 
Rhamnus,  Juglans^  Cassia,  &c.,  the  whole  flora  bears  a  facies  which,  if 
not  positively  comparable  to  that  of  the  European  Eocene,  on  account 
of  the  scantiness  of  this  flora,  has,  however,  a  marked  analogy  to  tbat 
of  the  Lower  Miocene.  As  the  characters,  either  separately,  for  a 
number  of  species,  or  generally,  in  considering  the  facies  of  the  groups, 
are  identical  in  all  the  strata  which  we  have  considered  as  Eocene,  it  is 
evident  that  neither  Black  Butte  nor  any  other  locality  can  be  separated 
as  from  a  different  epoch^  and  that,  therefore^  no  member  of  the  Amer- 
ican Lignitic,  as  far  as  this  formation  is  known  by  its  vegetable  remains, 
can  be  referred  to  the  Cretaceous.  An  exception  to  this  conclusion 
is  claimed  for  two  localities,  Bear  Eivcr  and  Coalville,  wherefrom  no 
fossil  remains  of  land-plants  have  as  yet  been  obtained.  But  I  do  not 
see  how  the  separation  could  be  made  for  strata  which  contain  an 
abundance  of  Eocene  fucoidal  remains,  and  whose  thick  deposits  of  lig- 
nite indicate  evidently,  for  the  time,  a  land  formation  of  exactly  the  same 
nature  as  that  of  the  other  localities.  The  lignite  matter,  indeed,  by 
its  degree  of  decomposition,  its  chemical  compounds,  all  its  characters, 
bears  evidence  of  its  origin  by  the  same  kind  of  land  vegetation,  and, 
therefore,  of  its  contemporaneity.  On  another  side,  the  North  Ameri- 
can Eocene  is  considered  by  European  paleontologists,  from  the  char- 
acter of  its  flora,  as  related  to  the  Miocene  formation.  It  is,  therefore, 
convenient  to  look  further  into  the  documents  offered  by  the  table  in 
regard  to  this  last  opinion. 

The  proportion  of  sjHJcies,  of  what  is  considered  our  Miocene  flora,  as 
marked  in  the  first  three  sections,  is,  with  that  of  the  Arctic,  11^  ^^x 
cent.;  of  the  European  Miocene,  39  per  cent.    Out  T3p^et  ^oc«ii^\i^'s» 
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13}  per  cent,  of  its  species  iu  common  with  Alaska,  20|  per  cent  with 
tbe  Arctic  flora,  40  per  cent,  with  the  Miocene ;  and  our  Ix)wer  Eocene 
has  only  8|  per  cent,  of  its  species  in  common  with  the  Alaska^  10|  per 
cent,  with  the  Arctic,  and  25  per  cent,  with  the  European  Miocene. 
Or  counting  the  species  of  Alaska,  Arctic,  and  Miocene  of  Europe  as 
Miocene,  the  relation  of  the  American  Tertiary  flora  with  this  forma- 
tion of  Europe  is,  for  the  Miocene,  47J  ^  the  Upper  Eocene,  57^,  and 
for  tbe  Lower  Eocene,  37  per  cent. 

This  comparison,  somewhat  unreliable  on  account  of  the  greater  or 
less  degree  of  affinity  of  a  few  species,  may  be,  however,  admitted  in 
full  confidence  for  our  purpose^  and  proves  that  tbe  flora  which  we  con- 
sider as  representing  our  Miocene,  that  of  Green  Bivcr,  Elko,  and  South 
Park,  does  not  bear  to  that  of  Europe  a  marked  auiUogy  by  its  forms. 
These,  indeed,  appear  of  younger  type,  more  intimately  related  even  by 
identity  to  si)ecies  of  our  time.  The  flora  of  the  group  marked  as  Upper 
Eocene  has,  per  contra^  the  greatest  analogy  to  that  of  tbe  European 
Miocene  by  the  identity  of  its  most  common  species  of  Populusj  QuercuSj 
UlmuSj  Betula^  PlatanuSj  FagtiSy  &c.  It  may  be  that  farther  researches 
m.ay  force  a  separation  of  tliis  group  from  the  Eocene,  though  as  yet 
tbere  is  no  apparent  line  of  division,  either  in  the  measures  or  in  the 
distribution  of  the  flora.  I  believe  that  the  discrepancy  is  merely 
apparent,  resulting  from  and  indicating  a  precedence  in  time  of  our 
botanical  types  over  those  of  Europe.  Tbis  fact  has  already  been  re- 
mark('d  upon  in  considering  the  flora  of  the  Carboniferous  formations, 
and  it  becomes  the  more  evident  as  the  history  of  the  old  vegetable 
world  is  better  known.  The  relation  of  the  Lower  American  Eocene  to 
the  Miocene  of  Europe,  37  i^er  cent.,  does  not  indicate  a  difference  more 
marked  than  could  be  expected  between  the  flora  of  two  members  of 
the  same  formation ;  and  the  difference,  too,  is  becoming  more  and 
more  definite,  and  will  continue  in  the  same  way  as  far  as  the  acquaint- 
ance with  our  fossil  flora  is  more  intimate.  The  most  common  species 
of  fossil-i>lants  are  not  only  found  over  wide  areas,  and  therefore  col- 
lected from  all  the  explorers,  and  in  numerous  specimens ;  but  they  pass 
tbrough  the  different  stages  of  the  formations.  The  first  researches 
bring  them  to  view  from  everywhere;  the  selection,  however,  becomes 
more  discerning  and  exclusive  in  proporti(;)n  to  the  amount  of  materials 
supplied  for  comparison. 

On  the  question  of  the  distribution  of  Tertiary  fossil  species  in  regard 
to  climatic  circumstances,  the  t^ible  does  not  show  anything  more  than 
what  has  been  observed  from  that  of  the  former  report.  The  relation 
of  our  Upper  Eocene  flora  with  that  of  Alaska  and  Greenland  is  well 
delined,  while  the  vegetable  types  of  the  Lower  Eocene  are  rather  trop- 
ical than  Arctic.  Jt  is  then  possible  that  the  characters  which  I  have 
considered  as  resulting  from  climatic  influences  have  a  relation  to  difter- 
eiice  of  age  of  the  formations.  If  it  is  the  case,  we  may  expect  to  find 
the  flora  of  the  Lower  Eocene  with  the  same  southern  types  from  Van- 
couver Island  to  the  Mississippi,  while  the  Arctic  facies  may  predomi- 
nate in  the  Upper  Eocene  from  Greenland  to  the  same  southern  latitude. 

This  important  question  of  the  regulation  of  Tertiary  groups  of  vege- 
tables ac(H)nling  to  their  geological  stations,  or  to  climatic  influences, 
cannot  be  settled  without  long  researches.  Some  species  of  the  Lower 
Eocene  appear  to  have,  with  types  of  the  present  flora  of  Cuba,  a 
relation  which  has  not  been  recognized  before.  Such  are  forms  of 
Flahdlaria  and  Calamopsis  ;  Myrxca  Torreyij  compared  to  a  Lomatia  ;  a 
group  of  Ftcus,  represented  by  Ficus  planicostata,  F.  Clintoni^  F.  spec- 
tabilis,  F.  corylifolia; — CisHUs  Iwrigatus^Aleuritcs  Eocenica,  iSiml  the  group 
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of  Rhamnt;  B,  obovatus,  R.  Cleburrii,  R.  Ooldianus,  &c.,  with  inultinerve 
leaves  comparable  to  those  of  some  Bridelia.  The  poiuts  of  analogy 
are  not  precise;  they  are  merely  recorded  for  directing  further  researches. 

Description  of  species  of  fossil  plants  from  the  Cretaceous  of  Kansas, 

The  specimens  from  which  the  following  species  are  described*  were 
obtained  by  myself  from  two  localities:  1st.  From  nine  miles  above 
Salina,  in  the  Salina  Valley,  where  I  was  kindly  directed  by  Professor 
B.  F.  Mudge,  of  Manhattan  College.  2d.  From  six  miles  soath  of 
Fort  Harker,  where  specimens  of  fossil-plants  are  found  in  abundance, 
but  over  a  limited  area.  This  locality  was  discovered  and  first  explored 
by  Mr.  Charles  Sternberg,  who  resides  in  the  vicinity,  and  who  a  few 
years  ago  presented  fine  specimens  from  it  to  the  Smithsonian  Institu- 
tion. Some  of  these  specimens  have  been  previously  used  for  descrip- 
tion, especially  of  Sassafras^  there  represented  in  a  multitude  of  forms. 
The  vegetable  remains  are  found  at  both  these  places,  as  also  east  of 
Fort  Barker,  in  a  hard,  more  or  less  soft-grained,  shaly,  red,  ferruginous 
sandstone,  a  member  of  the  Dakota  group  of  Messrs.  Meek  and  Hayden. 
The  number  of  specimens,  generally  fine,  is  large,  proportionally  to  the 
number  of  species  which  they  represent. 

ZONARITES  DIGITATUS,  Brgt. 

Frond  flat,  dichotomous,  branches  of  the  same  size  or  broader  than 
the  main  axis,  diverging  in  acute  angles,  linear,  entire,  obtuse,  slightly 
enlarging  upward. 

The  divisions  or  branches  of  this  species  are  somewhat  broader  than 
in  the  specimen  figured  and  described  by  Brougniart,  Veg.  Foss.,  p.  61, 
PI.  ix.  Fig.  1.  The  whole  frond,  as  preserved,  is  9  cent,  long,  its  base 
slightly  narrowed,  the  divisions  1  cent,  broad,  the  angle  of  divergence 
about  30O. 

I  have  already  remarked  that  the  relation  of  this  form  to  other  kinds 
of  vegetables  is  not  as  yet  ascertained,  Scheuk  considering  it  as  a  fern. 
Thi^  supposition  is  inadmissible  on  account  of  tlie  connection  of  these 
remains  with  animal,  deep  marine  fossils.  I  am  even  uncertain  if  it 
represents  a  vegetable  form,  and  would  rather  consider  it  as  a  sponge. 
It  has,  indeed,  a  punctate  or  perforated-lik^  surface,  an  appearance 
which,  however,  may  be  caused  by  the  porous  compound  of  the  stone. 
I  found  it  about  100  feet  above  the  red  shale  of  the  Dakota  group  in  a 
shaly  limestone  especially  formed  of  large  shells  of  the  Fort  Benton 
group. 

Hymenophyllum  Cretaceuivi,  sp.  nov. 

Frond  linear-lanceolate,  bipinnately  divided ;  pinna?  slender,  from  a 
narrow,  smooth,  convex  rachis ;  wedge-form,  erect,  alternately  lobed. 

The  lobes  are  small,  truncate  at  the  top,  cuneate  to  the  base,  the 
nervation  dichotomous,  one  branch  ascending  to  the  i)oint  of  each  lobe. 
It  resembles  Sphenopteris  furcata^  Brgt.,  of  the  Carboniferous  measures. 
Sphenopteris  corrxigatey  Kewb.,  is  apparently  described  from  a  small  frag- 
ment of  this  species. — Fort  Barker. 

Gleichenia  Kurriana  (?)  Beer,  Mol.  FL,  p.  G,  Pl..ii,  Fig.  3. 

Frond  pinnate;  pinnoj  linear,  long,  pinnately  lobed ;  piuuv\\^^e.ovcv\^X^ 
at  base,  alternate,  oblong,  obtuse;  nervation  pinnate  •,  ^eeowOiuja^  Nv^va^ 
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alternate,  the  lower  ones  forking  above  the  middle,  the  upper  ones 
simple. 

Though  this  form  is  very  much  like  that  published  by  Heer,  Qoc. 
ctf.,)  from  the  Cretaceous  of  Moletiu,  it  differs  iu  some  points.  1.  The 
pinnules  are  connate  to  one-fourth  of  their  length :  they  are  larger, 
more  obtuse,  and  the  secondary  veins  are  forked.  In  the  specimens 
from  Moletin,  the  pinnules  are  separated  to  the  base  and  have  no  trace 
of  secondary  veins.  A  small  specimen  published  by  the  same  author 
hryrn  Quedliuburg,  PI.  i.  Fig.  3,  shows,  however,  the  pinnules  connate, 
as  in  the  American  form,  with  secondary  veins  figured  simple.  The  frag- 
ment indicates  a  smaller  form ;  not  separable,  however,  from  mere  differ- 
ence of  size.  I  consider  it,  therefore,  as  representing  the  same  species. 
As  Heer  has  figured  a  specimen  with  fructifications,  a  fructified  speci- 
men of  our  plant  may  decide  the  question  of  identity. — ^Fort  Harker. 

Sequoli  Eeighenbaghi,  Heer,  Mol.  Fl.,  p.  8,  PL  i,  Fig.  2-3. 

The  specimen  represents  a  cone  cut  vertically,  and  thus  exposing  a 
narrow  axis  on  which  are  attached  horizontally,  linear  or  narrowly  ovate 
receptacles,  attenuated  at  both  ends,  containing  a  small  oblong  seed 
separated  by  foliaceous  scales.  The  form  of  the  cone  is  the  same  as  that 
of  both  those  which  are  represented  by  Heer's  figures,  (loc,  dt)  It  is 
only  slightly  longer  and  narrower,  and  the  receptacles  of  the  seeds  more 
closely  approached  to  each  other.  The  specimen  does  not  bear  any 
remains  of  leaves  of  Conifer,  but  small  round,  smooth  branches,  appar- 
ently referable  to  the  same  species. — ^Fort  Harker. 

Oaulinites  spinosa,  sp.  nav. 

Stem  or  branch  cylindrical,  IJ  cent,  in  diameter ;  its  surface  marked 
by  small  irregular  points  or tlepressions,  resembling  scars  of  scales;  it 
bears  apparently  strong  spines ;  one  of  them  is  marked,  going  out  of 
the  stem  at  right  angles.  Its  sears  are  left  in  round  holes  through  the 
stone.  The  spines  and  the  stem,  too,  enlarge  to  the  point  of  attach- 
ment.— Fort  Harker. 

Liquid AiMBAR  iNnEGRiFOLiTJS,  Lsqx.,  Amer.  Jour.  Sci.  and  Arts,  Jul3% 

1868,  p.  93. 

I  found  at  Salina  three  loaves  of  this  species.  They  varyiu  size,  and 
also  in  the  more  or  less  pointed  form  of  the  lobes,  and  in  their  direction, 
one  specimen  showing  the  lower  divisions  turned  downward  rather  than 
horizontal. 

PopuLiTES  pagifolia,  sp.  nov. 

Leaf  elliptical,  entire,  subeoriaceous,  tapering  from  the  middle  to  a 
slightly  obtuse  point,  narrowed  to  a  thick  petiole;  pinnately  veined ; 
secondary  veins  numerous,  parallel,  craspedodrome. 

The  thick  petiole  is  broken  near  the  base  of  the  leaf,  which  tapers  to 
it.  The  general  form  is  that  of  Fopuhis  mutabilis,  the  leaf  being  en- 
larged in  the  middle,  and  tapering  upward  and  downward  about  in  the 
same  degree.  It  is  10  cent,  long,  8  cent,  broad,  with  eight  pairs  of 
secondary  veins,  the  lower  ones  dividing  outside,  all  the  veins  and 
divisions  entering  the  borders.  The  leaf  is  thickish  but  not  quite 
coriaceous. — Fort  Harker. 
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PopuLiTBS  Saline,  sp.  nav. 

Leaf  large,  thickish,  membranaceous,  smooth,  broadestnear  the  base, 
tmncate  or  subcordate,  narrowed  into  an  obtuse  point,  five-nerved  from 
its  base ;  borders  regularly  nndnlately  lobed. 

A  splendid  leaf,  preserved  entire  except  the.  petiole.  It  is  12  cent. 
Wide,  only  10  cent,  long,  triangular  in  outline,  with  the  base  subcordate 
and  the  borders  regularly  obtusely  undulate-lobed.  The  nervation  is 
in  five  primary  veins  from  the  base,  all  much  divided,  passing  with  the 
principal  divisions  to  the  point  of  an  obtuse  lobe,  anastomosing  with 
thick  perpendicular  nervilles.  The  medial  nerve  is  pinnately  divided 
from  above  the  middle  in  three  pairs  of  secondary  veins.  This  form  is 
remarkable,  and  unlike  any  leaf  known  to  me ;  it  has,  however,  a  dis- 
tant relation  to  the  leaf  published  as  Acer  obtwtilobum^  (f)  Ung.,  in 
Amer.  Jour.  Sci.  and  Arts,  July,  1868,  p.  100.  Another  specimen  refer- 
able to  this  species,  but  broken,  indicates  the  leaf  as  coriaceous,  and 
has  the  nervation  more  distinct,  much  like  that  of  a  Platanus, — Salina 
Valley. 

POPULITES  APFENIS,  Sp.  n. 

Leaf  round-quadrangular,  thickish,  membranaceous,  rounded  to  the 
petiole,  abruptly' narrowed  to  a  short  point,  with  undulate-dentate 
borders ;  nervation  pinnate,  craspedodrome. 

This  leaf  is  much  like  the  one  which  I  have  described  as  Populites 
cyclophylla,  (!)  Heer,  in  Amer.  Jour.  Sci.  and  Arts,  July,  1868,  p.  93,  dif- 
fering, however,  by  its  square  form,  its  nndnlately  distantly  dentate 
borders,  its  secondary  veins  less  numerous  and  more  divided.  The 
fibril!  se  are  distinct  and  the  areolation  alike. — Salina  Valley. 

Ficus  Sternbebgu,  sp.  n. 

Leaf  large,  thick,  coriaceous,  entire,  broadly  oval,  obtusely  pointed,  (!) 
(point  broken,)  tapering  to  the  petiole  j  nervation  pinnate,thick,  coarse, 
camptodrome. 

The  leaf,  destroyed  in  part,  measures  about  16  cent,  in  length,  9  to  10 
cent,  in  width,  has  entire  undulate  borders  and  the  nervation  of  a  Ficus. 
The  lowest  secondary  veins,  from  a  distance  above  the  base,  are  oppo- 
site, ascend  in  a  more  acute  augle  than  the  upper  ones,  (six  pairs)  which 
are  alternate  and  more  distant  from  the  basilar  pair,  all  much  divided  by 
tertiary  veinleta,  or  thick  fibrillae,  anastomosing  in  bows  along  the 
borders. — Fort  Barker. 

Sassafras  Cretaceous,  Newb. 

I  have  studied  this  form  upon  a  large  number  of  specimens,  especially 
at  Fort  Harker,  where  it  is  predominant.  It  varies,  in  the  size  of 
the  leaves,  from  4  to  14  cent,  long,  without  counting  the  petiole, 
which  is,  according  to  the  size  of  the  leaves,  from  3  to  5  cent.  long. 
Two  forms  are  especially  recognizable  as  varieties,  with  intermediate 
characters :  one  with  narrower,  more  pointed,  less  diverging  lobes;  the 
other  with  broader,  more  obtuse,  more  diverging  divisions.  The  nerva- 
tion is  the  same,  generally  deep  and  coarse ;  the  borders  are  more  or  less 
marked  with  a  few  short  teeth,  especially  on  the  lower  sides  of  the 
lateral  lobes.  The  following-described  forms  may  be  considered  as 
species,  not  only  on  account  of  their  characters,  but  also  from  tbQ.\\ 
local  distribution : 


i 
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Sassafras  Mudgii,  Lsqx.,  Amer.  Jour.  Science  and  Arts,  Jnly,  1868, 

p.  99. 

The  description  is  right.  This  species  is  found  at  Saliua  only.  £  have 
not  seen  it  represented  by  specimens  from  Fort  Barker. 

Sassafras  mirabilis,  «p.  nov. 

Leaves  large,  coriaceous,  three-lobed,  lobes  diverging  nearly  in  right 
angles  to  the  medial  nerve,  proportionally  short,  obtuse ;  nervation  very 
thick. 

Beside  the  large  size  and  broader  lobes  of  the  leaves,  the  species  dif- 
fers by  the  lobes  of  the  leaves  being  more  or  less  deeply  cut  or  undulate- 
dentate,  with  obtuse  teeth.  I  have  an  entire  leaf  of  this  species,measur- 
ing23cent.  broad,  16  cent,  long,  without  the  petiole,  which  is  G  to  7  cent 
in  length.  Though  the  nervation  is  of  the  same  type  as  in  8.  cretaoeuit. 
the  primary  veins  are  twice  as  large,  the  lateral  curving  outride  and 
diverging  from  the  medial  one.  It  has  somewhat  the  api)earance  of 
leaves  of  Flaianus.  It  is  apparently  an  incomplete  si>ecimeu  of  this 
kind  which  has  been  named  and  described  as  Platanua  latiloba  by  Dr. 
Newberry. — ^Fort  Harker. 

Sassafras  obtusus,  Lx. 

Leaves  small,  obtusely  and  equally  three-lobed  to  below  the  middle ; 
cuneate-narrowed  to  the  long  petiole ;  lobes  oblong,  very  obtuse ;  nerva- 
tion triM  from  above  the  base. 

The  leaves  of  this  species  are  proportionally  small,  of  a  thinner  sub- 
stance, with  secondary  veins,  narrow,  straight,  ascending  to  the  border  of 
the  lobes,  and  secondary  veins  thin,  mostly  camptodrome,  parallel.  In 
one  specimen  the  lateral  lobes  are  cut  in  one  short,  obtusely-pointed 
lobe,  entered  by  one  of  the  secondary  veins ;  but  in  all  the  other  speci- 
mens the  secondary  veins  are  mostly  camptodrome,  simple,  and  the  lobes 
entire.  In  report  187 J,  p.  303,  1  considered  this  species  as  the  same  as 
the  leaf  which  1  had  named  Populites  Salwbvricu/olia  in  Amer.  Journ. 
Science  and  Arts,  July,  1868,  p.  94.  It,  however,  dift'ers  by  the  more 
marked  and  diverging  entire  obtuse  lobes,  and  by  the  secondary  camp- 
todrome nervation.  In  this  new  species  of  Sassafras  the  lateral  second- 
ary veins  are  piunately  marked  on  both  sides  of  the  veins.  In  Populites 
SaUnbtirioc/olia  the  lateral  veins  divide  on  the  outside  only. — Salina 
Valley. 

Sassafras  recuryatus,  sp.  nov. 

Leaves  of  medium  size,thick,  coriaceous,  enlarged  upward,  divided  to 
below  tiie  middle  in  three  lanceolate-pointed,  long  lobes,  the  external 
ones  scythe-shaped  outside,  three-nerved  from  the  point  of  the  petiole. 

Somewhat  like  the  small  forms  of  /S'.  mirahUis^  differing  evidently, 
however,  by  narrower,  longer,  obtusely-pointed  lobes,  by  the  primary 
nervation  from  the  top  of  ^ii^  petiole,  and  by  the  lateral  veins  dividing 
near  the  base  in  two  nearly  equal  strong  branches,  one  ascending  to  the 
point  of  the  lobes,  theother  following  the  border  and  anastomosing  in  a 
curve  with  the  upper  secondary  veins.  Sometimes  this  outer  division 
of  the  lateral  veins  seems  to  curve  backwards  and  enter  another  inferior 
lobe.  But  this  appeareme  is  remarked  only  upon  one  specimen  broken 
at  the  sides,  and  whose  form  can  merely  be  surmised  from  the  direction 
of  the  veins. — Fort  Harker. 
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Sassafras  Harkeriana^  y9.  nov. 

Leaves  proportionally  small,  thick,  coriaceous,  cuneiform,  or  narrowed 
to  the  petiole,  round-truncate  from  above  the  middle,  three-lol^d,  with 
obtusely-pointed,  very  short  lobes,  and  undulate-dentate  borders  be- 
tween them. 

The  leaves  are  thicker  and  larger  than  in  S,  obtusus^  9  cent,  broad  and 
as  long,  three-nerved  from  above  the  base,  deeply  veined ;  the  secondary 
veins  camptodrome,  except  a  few,  which  pass  into  short  teeth  between 
the  lobes. 

LATJROPHYLLUM  RETICULATUM,  sp.  flOV. 

Leaves  long,  linear-lanceolate,  thick,  coriaceous,  entire,  tapering  to  a 
thick,  short  petiole ;  medial  vein  broad,  secondary  veins  open,  numerous, 
anastomosing  in  an  irregular  reticulation  from  above  the  base ;  campto- 
drome. 

These  leaves  resemble  those  of  some  species  of  Laurm  by  their  form, 
their  texture,  and  the  thick  medial  nerve ;  the  nervation,  however,  is 
of  a  different  type.  The  secondary  veins  numerous,  close  to  each  other 
at  unequal  distance,  often  intermixed  with  shorter  veins,  curve  and 
anastomose  from  near  the  base  in  Irregularly  polygonal  small  meshes, 
ascending  with  their  ramifications  to  the  borders,  and  curving  along 
them.  Professor  Heer  has  in  his  Flora  of  Moletin  a  species  Myrtophyt 
lum  Oeinitzij  which  has  the  same  form  of  leaves,  but  a  different  nervation, 
the  upper  end  of  the  veins  following  the  borders  and  uniting  as  a  kind 
of  marginal  veinlet.  This  character  is  not  remarked  in  our  leaves,  of 
which  I  have  many  specimens  with  distinct  nervation. 

It  is  remarkable,  that  this  Cretaceous  Flora  of  Moletin,  which  is 
known  as  yet  by  eighteen  species,  has  one  Aralia^  one  Credneriaj  one 
Gkichetiiaj  and  one  Sequaia,  or  four  species,  which  are,  if  not  identical, 
at  least  intimately  related  to  species  of  our  Cretaceous. 

All  the  specimens  of  this  species  are  from  Fort  Barker. 

Platanus  Herii,  Lsqx.,  Eept.  1871,  p.  303. 

Beside  the  form,  whose  characters  have  been  described,  there  is  from 
Salina  a  leaf  preserved  entire,  which  differs  by  more  acute  lobes  and  its 
apparently  membranaceous  consistence. 

Pterospeemites  quadbatus,  Lsqx.,  Kept.  1871,  p.  301. 

A  number  of  specimens  from  Fort  Harker,  varying  in  size,  confirm 
the  description  of  this  fine  species.  The  undulations  of  the  leaves  ap- 
pear more  generally  as  short,  distant  teeth,  entered  by  the  point  of  the 
secondary  veins  and  their  divisions. 

Pterospermites  STERNBERaii,  sp.  nov. 

Leaves  large,  thick,  coriaceous,  ovate,  tapering  into  an  obtuse  point, 
round  cordate  at  base ;  borders  entire,  or  slightly  undulate. 

A  splendid  leaf,  23  cent,  long,  20  cent,  broad,  deeply  piunately  nerved; 
secondary  v^ns  more  open  than  in  the  former  species,  with  two  or  three 
pairs  of  simple,  smaller  basilar  veiulets,  inclined  downward,  or  at  right 
angle  from  the  medial  nerve ;  the  other  10  to  11  pairs  above  are  parallel^ 
the  lowest  branching  twice,  the  upper  ones  sim\>le,  aW  vn:^\s»^dQ^\:«vs\ft- 
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This  species,  like  the  former,  are  referable  to  the  genus  Credneria^  one 
species  of  which,  Oredneria  Leoonteana,  Lsqx.,  is  related  to  this.  The 
description  of  Oredneria  Leconteana^  as  given  in  Amer.  jQur.  Sci. 
and  Arts,  July,  1868,  p.  98,  answers  exactly  the  desoription  and 
figure  of  Oredneria  macrcphylk^  Heer,  in  Mol.  Fl.,  p.  16,  PI.  4.  Only 
one  of  the  basilar  veinlets  is  marked  on  my  figure  of  this  species,  rep- 
resenting our  best,  though  incomplete,  specimen;  but  the  descrip- 
tion remarks  the  position  of  two  lower  secondary  pairs  of  nerves^  as 
observed  from  other  specimens,  and  which  indicate  ^/t^e^^an^ioi^oi^rao^ 
of  tlie  leaves  of  tlie  genus  Oredneria. — ^Fort  Harker. 

Ptebospeemites  Hatdenh,  Lsqx.,  llept.  1871,  p.  302. 

A  good  specimen  of  this  species  has  been  found  at  Fort  Harker.  It 
answers  in  every  point  the  description  of  this  species,  loc  cit 

Ptebospeemites  bugosus,  sp.  nov. 

Leaves  rather  small,  coriaceous,  rough  and  wrinkled  on  the  surface, 
triangular  oblong  in  outline,  truncate  obtuse  to  the  base,  obtusely 
pointed,  medial  nerve  very  thick,  overlapped  at  its  base  by  the  undulate 
borders. 

The  leaves  vary,  at  least  in  our  specimens,  from  9  to  12  cent,  long 
and  6  to  9  cent,  broad.  The  nervation  is  that  of  the  genus,  three  pairs 
of  thinner  basilar  veins  passing  horizontally,  or  in  a  downward  direc- 
tion, to  the  borders.  The  secondary  veins  above  are  thick,  emerging  at 
an  open  angle  of  divergence  from  the  medial  nerve,  branching  oujtside 
and  curving  upward  in  ascending  to  the  point  of  an  obtuse  lobe,  or  the 
enlarged  middle  of  the  leaves.  The  strong  nervilles,  deeply  impressed 
into  the  stone,  give  to  the  leaves  of  this  species  a  peculiar  ai>pearance. — 
Saliua  Vallev. 

conclusion. 

From  this  enumeration  of  Cretaceous  fossil-plants,  it  appears  that  in 
the  twenty-three  mentioned  species,  fourteen  are  considered  as  new ; 
three  as  identical  with  some  ones  already  described  from  Europe,  but 
not  as  yet  discovered  in  our  Cretaceous  strata;  and  six  have  been  for- 
merly described  from  the  same  Dakota  group.  It  is  thus  an  addition 
of  seventeen  species  to  the  American  Cretaceous  flora,  which  now  has 
about  one  hundred  and  twenty  so-called  species. 

The  remarks  made  in  the  first  part  of  this  paper,  in  regard  to  the 
analogy  of  some  vegetable  forms  of  our  Cretaceous  with  those  of  plants 
of  our  time,  and  also  of  the  Miocene  flora  of  Europe,  are  rather  con- 
firmed than  eliminated  by  the  descriptions  of  these  species.  They  rep- 
resent especially  forms  of  Sassafras^  PterospermiteSj  FopuliteSy  with  Seq- 
uoia  Eeicheiihaciii,  two  ferns,  &c.  Considering  the  relation  of  the  Cre- 
taceous groups,  enough  has  been  said  already  in  this  and  in  the  former 
report.  1  wish  only  to  record  once  more  the  geological  evidence  afforded 
by  the  remarkable  disconnection  of  the  American  Cretaceous  flora  from 
that  of  the  Eocene.  Both  these  formations  are  now  represented  by  a  num- 
ber of  species  large  enough  for  a  reliable  comparison,  which,  made  by  any 
palaeontologist,  proves  that  there  is  not  a  single  species,  eilher  identical 
or  in  intimate  relation,  in  both  the  Cretaceous  and  the  Eocene  flora  of  our 
continent.  Even  that  fucoidal  i)lant  described  as  Fucoides  digitatus^  is 
not  related  whatever  to  any  of  the  marine  species  described  from  the 
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Eocene  sandstone,  though  the  characters  of  marine  vegetables  appear 
to  have  been  preserved  somewhat  longer  in  the  series  of  geological  divis- 
ions. Such  a  total  discordance  of  types  cannot  be  supposed  for  a  flora 
of  a  same  period,  not  even  for  members  separated  by  a  great  thickness 
of  strata.  Most  of  the  genera  of  animal  fossils,  and  a  large  number  of 
species,  too,  are  represented  in  all  the  Cretaceous  divisions,  from  the 
lowest  member  to  the  base  of  the  Eocene.  In  the  Tertiary'  formations 
the  vegetable  types  represented  by  most  of  the  genera,  and  by  a  large 
number  of  species,  too/  are  recognized  identical  in  the  whole  extent  of 
the  measures.  The  same  remark  can  be  applied  to  the  vegetable  and 
animal  remains  of  all  the  formations.  It  is,  then,  judicious  to  admit  as 
a  conclusion,  that  such  a  marked  disconnection  of  the  typical  character 
of  a  whole  flora  is  a  positive  evidence  of  a  new  geological  period,  and 
that,  therefore,  the  whole  Lignitic  of  the  Rocky  Mountains  is,  from  the 
base  of  the  fucoidal  sandstone,  a  Tertiary-Eocene  formation. 
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PEEUMINAEY  PAIEONTOIOOICAL  REPORT, 


CONSISTING   OF 


LISTS  AND  DESCRIPTIONS  OF   FOSSILS, 


WITII  REMARKS  ON  THE 


AGES  OF  THE  ROCKS  IN  WHICH  THEY  WERE  FOUND,  ETC.,  ETC. 


By   F.   B.   MEEK,   Paleontologist, 


GENERAL  REMARKS. 

SILUBIAN  AGE. 

Ecigt  side  Gallatin  River^  &c, — AU  of  the  Silurian  fossils  coHected  by 
the  survey,  during  the  explorations  of  1872,  evidently  came  from  compara- 
tively near  the  base  of  the  system.  The  specimens  from  the  east  side 
of  Gallatin  River,  above  Gallatin  City,  Montana,  were  collected  from 
four  subdivisions.  Those  from  the  lowest  or  fourth  subdivision,  (num- 
bering from  above,)  are  few,  and  in  a  fragmentary  condition.  Among 
them  we  have  one  of  those  curious  bodies  formerly  sometimes  called 
bilobites,  apparently  under  the  erroneous  supposition  that  they  have  some 
relations  to  the  Crustacea  known  as  trilobites,  though  they  are  now  gener- 
ally regarded  as  marine  plants,  and  designated  by  the  generic  name  Cruz- 
ianay  d'Orbigny,  (Rusophycus,  Hall.)  Along  with  this  fossil  were  found 
imperfect  specimens  of  Lingula,  or  lAngulepis^  ConocOryphej  Bathyurm^ 
&c.,  which,  when  taken  together,  point  to  a  rather  low  position  in  the 
series,  especially  in  view  of  the  forms  that  occur  in  the  succeeding  sub- 
divisions above. 

From  the  third  and  second  subdivisions,  occurring  successively  above, 
we  have  the  genera  Acrotreta,  Eyolithes^  Agnostus,  Conocoryphe,  Bathy- 
urtiSj  &c,  a  group  of  types  which,  in  the  present  state  of  paleoutological 
science,  could  hardly  be  expected  to  occur  together^  higher  in  the  series 
than  the  Quebec  group  of  the  Canadian  survey.  And,  when  we  take 
into  consideration  the  entire  absence  among  these  collections  of  any 
type  elsewhere  peculiar  to  any  higher  horizon,  and  the  fact  that  several 
of  the  species  are  closely  allied  to  forms  found  in  rocks  of  that  age,  we 
feel  quite  safe  in  referring  these  beds  to  the  Potsdam,  or  Primordial 
zone. 

Big  Horn  Mountain. — The  same  may  probably  be  said  of  the  rocks 
from,  which  a  few  fragments  of  Conocoryphe  and  Dikelocephalm  were 
collected  on  the  west  face  of  Big  Horn  Mountain. 

The  few  specimens  from  the  first  or  upper  of  the  subdivisions  at  the 
locality  referred  to  above  Gallatin  City,  are  in  a  fragmentary  condition^ 
but  from  the  position  of  this  subdivision  above  the  ottiet^^^x.'&N^^  ^& 
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from  the  character  of  the  fossils,  aDd  the  simih'arity  of  the  rock  in  textare 
and  composition  to  beds  to  be  mentioned  below  at  another  locality  of 
the  age  of  the  Quebec  group,  it  probably  belongs  to  that  horizon, 

Malade  City. — The  collections  from  Malade  City,  Northern  Utah, 
iuclude  the  genera  Camerella,  OrthiSj  JSuomphalua^  AgnosUiSj  Conocoryphej 
BaihyurelluSj  BathyuruSj  Asaphus,  and  perhaps  DikelocephaluSy  most  of 
which  are  common  to  the  Potsdam  and  Quebec  groups;  but  from  the 
afSnities  of  most  of  the  species  and  the  actual  identity  of  others  with 
Quebec  forms,  it  appears  quite  clear  that  these  beds  belong  to  that 
horizon,  as  stated  by  Professor  Bradley  in  the  Am.  Jour,  of  Science. 
Two  of  the  species  of  Euomphalus^  for  instance,  seem  to  be  identical 
with  forms  described  by  me  some  time  back  among  Mr.  King's  collec- 
tions from  Muddy  Creek,  Utah,  and  referred  to  the  horizon  of  the  New 
York  Calciferous  group;  generally  regarded  as  representing  in  part,  at 
least,  the  Quebec ;  while  a  species  of  Camerella  and  one  of  Orthis  seem 
to  be  identical  with  Canadian  species  of  that  age.  Bathyurus  Saffordiy 
a  Canadian  Quebec  species,  is  also  represented  among  these  collections 
by  specimens  agreeing  exactly  with  authentic  examples  of  the  same, 
sent  from  that  horizon  in  Canada.  Several  of  the  other  genera  are 
represented  by  species  most  nearly  allied  to  Quebec  forms. 

Flat-Head  Pass. — A  few  specimens  from  Flat-Head  Pass,  Montana, 
consisting  of  fragments  of  Bathyurellus^  and  perhaps  DikelocephaluSj 
seem  also  to  be  of  the  same  age  as  the  above,  judging  from  the  occur- 
rence among  them  of  Dikelocephalus  f  truncat'ua,  one  of  the  Malade 
species. 

CARBONIFEROnS  AGE. 

Mystic  LaJcCj  dkc, — The  fossils  Arom  the  outlet  of  Mystic  Lake;  Cafion, 
east  side  of  Madison  Eiver;  Bridger  Peak,  near  Fort  Ellis:  Black-Tail 
Deer  Creek;  north  side  Gros  Ventres  Butte;  Flat-Head  Pass;  north 
side  Henry's  Lake;  and  Canon  west  of  Gallatin  Kiver,  (all  in  Montana,) 
and  Camp  19,  Idaho,  all  evidently  came  from  the  same  geological  forma- 
tion, a  considerable  portion  of  the  species  being  common  to  several  of 
these  localities.  They  belong,  without  exception,  to  genera  that  are 
common  both  to  the  Carboniferous  and  Devonian,  while  a  smaller  pro- 
portion of  the  genera  are  also  represented  even  in  the  Silurian.  That 
these  fossils  are  not  of  Silurian  age,  however,  is  obvious  at  a  glance ; 
but  as  most  of  the  species  are  either  new,  or,  owing  to  the  state  of  pre- 
servation of  the  specimens,*  not  in  a  condition  to  be  certainly  identified 
with  known  forms,  almost  the  only  guides  we  have  in  determining 
whether  wo  should  refer  them  to  the  Carboniferous  or  Devonian  are  the 
absence  of  certain  genera  and  the  general  specific  affinities  of  the  entire 
group  of  forms.  Some  of  the  Producti^  ChoneteSy  and  Spirifer  have 
rather  a  Devonian  look,  while  a  very  finely  striated  Hemipronites  is  very 
similar  to  some  of  the  Devonian  types  of  that  genus.  Even  the  form 
I  have  referred  to,  H,  crenistria^  is  quite  as  nearly  like  some  varieties  of 
E.  Chemiingensis  {Streptorkynchtis  ChemnngensiSj  of  the  4th  vol.  Paleont, 
N.  Y.,)  from  the  Chemung  and  Hamilton  groups  of  the  New  York 
Devonian,  as  it  is  like  the  Carboniferous  forms  of  R.  crenistria.  Ac- 
cording to  Mr.  Davidson  and  others,  however,  II.  crenistria  occurs  in 
both  the  Carboniferous  and  Devonian  of  Europe,  while  the  New  York 
form,  U.  Chemungensi^^  differs  mry  little  from  some  varieties  of  H.  cren- 
istria from  the  Carboniferous. 

*  Tbcsc  colloctioDs  consist  mainly  of  separate  valves  of  brachiopoids,  imbedded  in 
2iard  limestone. 
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Notwitbstanding  tbe  resemblance  of  some  of  these  fossils  to  Devonian 
forms,  and  the  fact  that  scarcely  any  of  the  species  can  be  identified 
beyond  doabt  with  forms  pecoliar  to  the  Carboniferous,  I  must  regard 
the  whole  as  belonging  to  the  lower  part  of  the  lower  Carboniferous. 
It  is  extremely  improbable  that  in  a  collection  containing  so  many 
brachiopods  there  would  be  no  Atrypa,  StropJiodontaj  Peutameroid,  and 
other  Devonian  and  older  types,  if  the  rock  belonged  to  the  Devonian. 
The  entire  absence  of  any  strictly  Devonian  and  older  types  of  corals, 
crinoids,  Lamellebranchs,  &c.,  also  favors  the  conclusion  that  this 
formation  belongs  to  the  Carboniferous,  which  conclusion  is  also  sup- 
ported by  the  specific  affinities,  if  not  even  by  the  specific  identity,  of 
some  of  the  species  of  Spu  ifevj  Productus^  Chonetes^  Betzia,  &c. 

In  looking  over  the  collections  from  these  localities,  I  have  been  im- 
pressed with  the  similarity  of  their  general  facies  (without  being  quite 
sure  that  any  of  the  species  are  identical)  to  the  fauna  of  the  Waverly 
group  of  Ohio,  now  known  to  beh)ng  to  the  Carboniferous.  At  the 
same  time  that  1  would  refer  the  beds  from  which  these  fossils  were 
obtained  to  the  Carboniferous,  it  should  be  remarked  that  we  have  every 
reason  to  believe  that  they  belong  to  a  lower  horizon  in  the  series  than 
those  from  which  nearly  all  of  the  collections  from  '*01d  Baldy,"  Mon- 
tana, were  obtained ;  also,  than  the  fossiliferous  beds  on  the  divide  be- 
tween Koss  Fork  and  Lincoln  Valley,  Montana. 

Lyon  Hill, — The  fossils  from  Lyon  Hill,  Ophir,  East  Canon,  Utah,  are 
of  Carboniferous  age,  but  it  is  not  possible  to  determine,  owing  to  the 
small  number  and  imperfect  condition  of  the' specimens,  the  particular 
horizon  in  that  system  to  which  they  belong. 

Swan  Valley. — A  few  specimens  from  Swan  Valley,  Idaho,  have  been 
placed  provisionally  in  the  Carboniferous  list,  but  they  are  very  frag- 
mentary and  difficult  to  make  out,  and  may  belong  to  rocks  of  some 
other  age. 

Between  Ross  Fork  and  Lincoln  Valley. — The  species  from  the  divide 
between  Koss  Fork  and  Lincoln  Valley,  marked  with  ao  asterisk  in  the 
list,  are  nearly  all  very  small  fossils,  and  occur  crowded  together  in 
such  great  numbers  that  all  the  specimens  in  the  collection  (including 
many  individuals  of  some  species)  were  broken  from  a  few  fragments  of 
the  matrix,  perhaps  altogether  not  more  than  one-tenth  of  a  cubic  foot 
in  volume.  Some  seven  or  eight  of  the  thirty-two  or  thirty-three  species 
thus  found,  seem  to  be  in  all  respects,  so  far  as  the  specimens  afford  the 
means  of  comparison,  identical  with  forms  occurring  at  the  celebrated 
Si>ergen  Hill  locality,  near  Bloomingtou,  Indiana,  while  five  or  six  others, 
if  not  more,  may  be  only  varieties  of  Spergen  Hill  species ;  and  nearly  all 
of  the  remainder  belong  to  genera  found  at  that  locality,  and  so  closely 
resemble  in  their  small  size  and  other  characters,  that  they  may  be  re- 
garded as  i^i)resentative  forms. 

The  occurrence  of  so  many  apparently  identical  and  representative 
species  of  such  a  peculiar  groui)  of  pigmy  forms,  all  crowded  together 
in  the  same  way,  at  these  two  widely  separated  localities,  is  certainly  a 
very  remarkable  and  interesting  fact ;  and  one,  too,  so  far  a«  yet  known, 
without  a  parallel  in  all  of  our  American  rocks.  It  is  all  the  more 
curious  because  not  a  single  species  of  these  little  fossils  has  hitherto 
been  identified  from  any  intermediate  locality  west  of  Iowa  and  Mis 
souri,  and  even  there  the  few  species  that  have  been  found  generally 
o<'cur  isolated  among  larger  species.  In  comparing  two  collections  of 
such  peculiar  fossils  from  localities  so  remotely  separated,  many  inter- 
esting questions  bearing  on  the  geographical  distribution  of  s^e.e\&<& 
naturally  suggest  themselves.    Adopting  the  view  that  ea<^  ^^<^^\^v(x 
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all  cases,  originated  at  some  single  locality,  and  thence  distribnted  itself 
over  the  world  wherever  we  now  find  its  remains,  and  admitting  that  a 
part  of  these  little  shells,  at  the  two  localities,  are  really  exactly  iden- 
tical, specifically,  it  may  be  asked,  were  these  species  created  some- 
where in  the  bottom  of  the  old  Carboniferous  sea,  at  or  ne<ar  the  Indiana 
locality,  from  which  they  migrated  1,200  to  1,500  miles  to  the  northwest- 
ward 5  or,  was  the  reverse  the  direction  of  their  distribution  f  Such  ques- 
tions are,  of  course,  far  more  easily  asked  than  answered ;  but  if  we  do 
not  admit  that  there  were  distinct  centers  of  distribution  for  species,  it 
would  seem  more  probable  that  these  forms  originated  at  some  interme- 
diate point,  (where  the  strata,  containing  their  remains,  are  now  beneath 
thousands  of  feet  of  more  modern  rocks,)  and  migrated  thence  southeast- 
ward and  northwestward  to  the  two  remotely  separated  localities. 

Professor  Edward  Forbes  maintained  that,  to  find  the  same  group  of 
fossils  at  two  distantly  separated  localities,  as  in  this  case,  so  far  from 
proving  that  the  rocks  are  exactly  contemi)oraneous,  as  often  supposed, 
demonstrates  exactly  the  reverse ;  or,  in  other  words,  that  time  enough 
must  have  intervened  between  the  deposition  of  the  strata  at  the  two 
localities,  for  the  migration  of  the  species  of  fossils  through  all  the 
intermediate  distance.  However  this  may  be,  there  is  little  reason  to 
doubt  that  in  such  cases  the  rocks  occupy  very  nearly  the  same  relative 
horizons  in  the  series  of  their  resi)ective  districts,  whatever  may  be  the 
difi'erences  between  their  actual  ages.  Hence,  I  regard  the  bed  from 
which  these  little  fossils  were  obtained  in  Montana  as  representing  the 
Saint  Louis  limestone  of  fhe  Lower  Carboniferous  series  of  the  Missis- 
sippi Valley,  to  which  horizon  the  Spergen  Hill  beds  are  known  to 
belong.  It  is  also  evident  that  the  physical  conditions  affecting  animal 
life  must  have  been  very  similar  at  these  localities  during  the  deposi- 
tion of  the  strata  in  which  these  fossils  occur,  although,  lithologically, 
the  rocks  are  quite  diflFerent,  that  in  Montana  being  a  bluish- gray,  some- 
what crumbling  semi-crystalline  limestone;  while  that  at  Spergen  Hill 
is  a  li^htcolor^  oolite  mass. 

''  Old  Baldy.^— The  conceptions  from  "  Old  Baldy,"  near  Virginia  City, 
Montaun,  present  a  group  of  forms  that  could  only,  in  our  present  state 
of  knowledge,  be  referred  to  the  Lower  Carboniferous  series.  The 
presence  among  them,  however,  of  such  coal-measure  types  as  Athyris 
mhtilitay  Pleurotoviaria  aphctrvlata^  Astartella  Keicherryi^  &c.,  with  tiie 
attinities  of  other  species,  point  to  a  high  x)osition  in  this  lower  series; 
while  the  occurrence  in  the  same  association  of  Pentremites  Godoni  and 
P.  symmeirwusy  or  very  closely  allied  representative  forms,  together 
with  the  affinities  of  other  types,  show  that  their  position  is  that  of  the 
Chester  beds  (or  i)ossibly  of  the  Saint  Louis  limestone)  of  the  Mississippi 
Valley. 

A  single  species,  however,  Strophoniena  analoga^  Phillips,  from  the 
same  locality,  would  indicate  that  lower  members  of  the  series  probably 
also  exist  thei^,  as  this  species,  if  I  remember  correctly,  is  not  known 
to  occur  above  the  horizon  of  the  Burlington  beds,  in  the  Carboniferous 
series  of  the  Mississippi  Valley.  There  is  thickness  enough,  however, 
of  Carboniferous  strata,  at  these  distant  northwestern  localities,  for  this 
whole  system  of  rocks  to  be  de\  eloped  there. 

The  collections  from  this  and  some  of  the  other  localities  in  Montana 
contain  the  first  specimens  of  the  genus  Pentremites  I  have  ever  seen 
from  any  localities  west  of  Missouri  and  Iowa. 

JURASSIC  AGE. 

Loirer  Canon  of  Yellowstone, — The  collections  from  the  Lower  Canon 
of  the  YeJiowstone,  the  lower  beds  aX.  ^\>i'\w^  C-d^VLOw^aud  those  from  the 
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DeTiPs  Slule,  Montana,  nre  evidently  all  of  Jurassic  age.  They  are 
nearly  all  bivalves^  and  belong  to  genera  that  also  occar  in  the  Creta- 
ceoas,  and  in  part  in  older  formations  than  the  Jnrassic,  as  well  as  in 
more  modem  rocks  than  the  Cretaceons.  None  of  them  are,  beyond 
doubt,  identical  with  foreign  Jurassic  species ;  but  from  their  specific 
affinities  to  European  Jurassic  forms,  and  their  positive  identity,  in« 
few  instances,  with  species  found  at  other  localities  in  the  West,  in  well- 
determined  Jurassic  beds,  as  well  as  from  the  entire  absence  among 
tliem  of  any  strictly  Cretaceous  types,  we  can  safely  refer  the  rocks  in 
which  they  occur  to  the  Jurassic. 

luring  Canon. — The  few  specimens  from  the  upper  beds  at  Spring 
Caiion  are  probably  also  Jurassic  types,  but  the  number  and  condition 
of  the  specimens  scarcely  warrant  the  expression  of  a  positive  opinion 
on  this  point. 

Those  from  the  lower  beds  near  Fort  Hall,  Idaho,  although  all  belong- 
ing to  one  species,  evidently  came  from  a  Jurassic  rock ;  while  a  few 
casts  from  the  upper  beds  at  the  same  locality,  also,  seem  to  belong  to 
the  same  epoch ;  but  the  specimens  being  all  casts,  cannot  be  satisfac- 
torily studied. 

CRETACEOUS  AGE. 

« 

Coalville, — The  coal-bearing  rocks  at  Coalville,  Utah,  are  undoubtedly 
of  Cretaceous  age,  as  stated  by  Mr.  King  and  Mr.  Emmons,  and  as  was 
from  the  first  maintained  by  myself.  During  the  past  summer  I  had 
an  opportunity  to  examine,  personally,  this  interesting  locality,  and  to 
note  the  thickness,  order  of  succession,  and  composition  of  the  great 
group  of  beds  exposed  there,  as  well  as  to  collect  and  study  a  large 
series  of  the  organic  remains  found  in  the  same.  From  these  observa- 
tions it  is  now  proposed  to  give,  below,  some  remarks  on  this  extensive 
series,  in  more  detail  than  has  hitherto  been  done.  Before  proceeding 
to  do  so,  however,  it  seems  desirable  that  a  few  words  should  be  said  in 
regard  to  what  has  been  already  published  respecting  the  geological  age 
of  this  formation,  as  there  would  at  least  appear  to  be  some  misappre- 
hensions on  this  point.  Perhaps  the  shortest  way  to  place  this  prelimi- 
nary information  before  the  reader  will  be  to  quote  from  Dr.  Hayden's 
Keport  of  1870,  page  299,  the  following  paragraphs,  written  by  myself, 
on  this  coal  series,  in  a  paper  contributed  to  that  report : 

Some  of  tbe  specimens  from  near  Bear  River,  and  at  Coalville,  Utah,  from  a  light 
colored  sandstone,  containing  beds  of  a  good  qnality  of  brawn  coaL  appear  to  belong 
to  a  member  of  the  Cretaceoos  series  not  corresponding  to  any  of  those  named  in  the 
Up]>er  Missonri  country,  though  it  is,  as  I  believe,  represented  by  a  similar  sandstone 
under  the  oldest  Estuary  Tertiary  beds  at  the  month  of  Jndith  River,  on  the  Upper 
Missonri.  In  1860,  Colonel  Simpson  brought  from  this  rock,  on  Sulphur  Creek,  a  small 
tributary  of  Bear  River,  in  Utah,*  several  cast^  of  Inoceramus  and  other  fossils;  and 
in  some  remarks  on  Colonel  Simpson's  collection,  published  by  the  writer,  in  connection 
with  Mr.  Henry  Engelmaun,  the  geologist  of  Colonel  Simpson's  survey,  we  referred 
this  formation  to  the  Cretaceous.t  The  collections  that  have  been  brought  in  from 
Utah,  by  Mr.  King's  and  Dr.  Huyden's  surveys,  confirm  the  conclusion  that  it  beloigs 
to  the  Cretaceons,  ns  they  contain,  among  other  things,  species  of  Inoceramus^  Anchuraj 
and  Gyrode*— genera  that  seem  not  to  have  survived  the  close  of  the  Cretaceous  period. 
In  addition  to  this,  there  is  among  Dr.  Hayden's  collections  from  this  rock,  at  Coal- 
ville, a  Turritella  that  I  cannot  distinguish  by  the  figure  and  description,  even  specifi- 
cally from  T,  Martinesaisisj  described  by  Mr.  Gabb,  from  one  of  the  upper  beds  in  Cali- 

•  This  locality  on  Bear  River  is  really  within  the  western  border  of  Wyoming, 
though  it  was  supposed  by  me  at  the  time  of  writing  this  paragraph  to  be,  like  Co^* 
ville,  in  Utah. 

t  See  Proceed.  Acad.  Nat.  Sci.,  Philad.,  18C0. 
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foruia,  referred  to  the  Cretaceous.  A  Modiola  from  the  same  horizon,  also,  appears  to 
be  specilically  identical  with  M.  Pedemalis,  of  Roemer,  from  the  Cretaceous  of  Texas. 
Dr.  Hayden  also  has,  from  a  little  above  the  coal-beds  at  Coalville,  specimens  of  Ostrea, 
that  seem  much  like  O.  Idriaensis  and  O.  Bretcerif  of  Gabb,  from  the  upper  beds  of  the 
California  Cretaceous.  As  no  other  fossils  were  found  directly  associated  with  these 
oysters,  however,  nor  any  marine  forms  above  them,  it  is  possible  that  they  may  be- 
l<jug  to  the  Lower  Tertiary. 

From  the  affinities  of  some  of  these  fossils  to  forms  found  in  the  latest  of  the  beds 
referred  in  California  to  the  Cretaceous,  and  the  intimate  relations  of  these  marine 
coal-beariug  strata  of  Utah  to  the  oldest  Tertiary  of  the  same  region,  and  the  apparent 
occurrence  of  equivalent  beds  bearing  the  srme  relations  to  the  oldest  brackish-water 
Tertiary  beds  at  the  mouth  of  Judith  River  on  the  Upper  Missouri,  I  am  inclined  to 
believi;  that  these  Coalville  beds  occupy  a  higher  horizon  in  the  Cretaceous  than  even 
the  Fox  Hills  beds  of  the  Upper  Missouri  Cretaceous  series ;  or,  in  other  words,  that 
they  belong  to  the  doHng  or  latest  member  of  the  Cretaceous, 

These  remarks  certaiuly  ought  to  make  it  clear  eoough,  one  would 
think,  that  I  regarded  the  coal-bearing  strata  at  Coalville,  Utah,  and 
near  the  mouth  of  Sulphur  Creek,  on  Bear  River,  Wyoming,  as  being 
of  Cretaceous  age.*  A  few  pages  further  on  in  the  same  report,  I  gave 
a  list  of  all  the  fossils  collected  during  the  preceding  summer  by  Dr. 
IJayden's  party,  that  I  referred  to  the  Cretaceous  epoch.  In  this  list,  it 
will  be  seen,  I  placed  all  of  the  few  fossils  in  the  collections  then  under 
coDsideration,  from  the  coal  series  at  Coalville,  Utah,  and  Bear  River. 

In  making  out  the  Cretaceous  list  mentioned  above,  I  endeavored  to 
express,  by  a  number  opposite  the  name  of  each  species,  the  particular 
horizon  in  the  Cretaceous  series  of  the  Upper  Missouri,  to  which  the 
bed  that  contained  it  belongs.  This  I  fully  explained  on  page  289  of 
the  same  report  cited,  as  follows:  *'The  numbers  1,  2,  3,  4,  and  5,  along 
the  right-hand  margin  of  the  list,t  opposite  the  localities,  show  to  which 
member  of  the  Upi)er  Missouri  Cretaceous  each  species  belongs,  the 
subdivisions  of  the  Upper  Missouri  Cretaceous  having  been  severally 
named  and  numbered  from  below  upward,  as  follows:  No.  1,  Dakota 
group;  No.  2,  Fort  Benton  group;  No.  3,  Niobrara  division;  No.  4, 
Fort  Pierre  group ;  and  No.  5,  Fox  Hills  beds;  the  names  being  derived 
from  localities  where  the  several  formations  are  well  developed.^ 

In  accordance  with  this  plan,  I  assigned  each  species  in  tlio  list  to  its 
proper  horizon  in  the  Cretaceous  series,  by  adding  after  the  locality, 
^'Cret.  No.  1,"  "Cret.  No.  2,'^  &c.,  according  to  its  position,  except- 
ing those  from  Coalville.  These  I  could  not  refer  to  their  precise 
horizon  in  the  Cretaceous,  because,  although  not  doubting  that  they 
belong  to  the  Cretaceous  system,  1  was,  ns  already  explained,  in  doubt 
whether  the  beds  in  which  they  were  found  correspond  exactly  to  any 
of  the  recognized  subdivisions  of  the  Upper  Missouri  series,  being,  as 
stated,  rather  inclined  to  think  they  form  the  closing  member  or  divis- 
ion ot  the  Cretaceous,  holding  a  position  above  the  horizon  of  No.  5  of 
the  Upi)er  Missouri  section.  Consequently,  in  order  to  give  expression 
to  this  doubt,  as  well  as  to  follow  out  the  system  of  notation,  I  placed 
opposite  each  of  the  species  from  Coalville,  and  the  coal-bearing  sand- 
stones at  Bear  River,  the  words  ''Cret.  No.  l'^  meaning  thereby, 
of  course,  that  I  was  in  doubt  whether  these  beds  corresponded  exactly 
with  any  particular  one  of  the  recognized  subdivisions  of  the  Upper 
Missouri  series ;  which,  it  should  be  remembered,  only  represents  a  part 
of  the  whole  Cretaceous  system. 


*  Another  quite  distinct  formation  at  the  Bear  Eiver  locality,  containing  a  peculiar 
Ijroun  of  fresh  and  hrackish  water  types  of  fossils,  all  entirely  difterent  from  forms 
tound  iu  the  marine  heds  containing  the  valuahle  beds  of  coal  there,  was  referred  by 
me  provisionally  to  the  lower  Eocene. 

t  These  numbers  were  placed  on  the  right-hand  margin  of  the  list  in  the  MS.,  but 
are  not  exactly  so  in  the  list  as  printed. 
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In  readiug  over  the  last  proof  of  this  list,  it  occurred  to  me  that  pos- 
sibly the  query  alter  the  words  "(^ret.  No.f'  might  be  misunder- 
stood as  intended  to  express  a  doubt  in  regard  to  the  Cretaceous  age  of 
these  species.  Consequently,  I  struck  out,  with  a  pencil,  the  abbrevia- 
tion "  Cret.,"  leaving  it  simply  "  No.  f  ^  after  each  of  these  species. 
But  afterward  I  thought  there  could  certainly  be  no  misunderstanding 
on  this  point,  with  the  accompanying  explanations,  and  made  an  effort 
to  rub  out  the  pencil-markings  I  had  made  in  the  proof.  The  printer, 
however,  being  misled  by  the  soiling  of  the  paper,  did  not  understand 
what  I  wanted,  and  instead  of  leaving  it  ''  Cret.  No.  f  "  in  all  these 
cases,  only  left  it  so  alter  one  species  5  while,  after  another^  he  struck 
out  "  Cret.,''  leaving  it  merely  "  No.  f  " ;  after  two  others  he  struck  out 
the  abbreviation  "  No.f  "  leaving  it  "  Cret., !  "  and  after  two  others  he 
struck  it  all  out. 

In  regard  to  the  two  Coalville  species,  by  mistake  of  the  printer,  left 
with  only  *'Cret.  f '^  after  them,  I  admit  that  it  might  appear,  to  one 
glancing  hastily  over  the  list  without  reading  the  remarks  and  explana- 
tions on  the  preceding  pages  of  the  same  report,  that  I  had  intended  to 
express  doubts  respecting  their  Cretaceous  age.  It  certainly  seems  to 
me,  however,  that  any  person  reading,  with  even  a  moderate  degree  of 
attention,  my  remarks  and  explanations  respecting  this  list,  and  the 
age  of  the  Coalville  and  Bear  River  coal-bearing  strata,  in  the  same 
report,  ought  to  understand  that  I  did  not  question  the  fact  of  these 
beds  belonging  to  the  Cretaceous  system. 

Again,  in  giving  a  list  of  the  Cretaceous  fossils  collected  by  Dr.  Hay- 
den's  party,  at  various  localities  during  the  summer  of  1870,*  in  his  re- 
l)ort  of  1871,  pages  375  and  376,  I  placed  in  it  a  few  additional  forms 
from  Coalville,  nearly  all  of  which  are  entirely  distinct  from  any  I  had 
before  seen  from  there,  or,  indeed,  from  any  other  locality.  These  are 
mainly  casts  in  hard  arenaceous  rock ;  and  as  I  had  little  or  no  time 
then  to  work  out  and  study  them,  1  merely  placed  them  in  the  Creta- 
ceous list,  without  specific  names,  and  with  a  mark  of  doubt  in  regard 
to  the  genera  to  which  five  of  them  belong.  1  explained,  however,  in 
the  accompanying  remarks,  that  I  regarded  them  as  Cretaceous  species, 
giving  my  reasons  for  so  doing. 

I  have  been  somewhat  particular  in  giving  the  foregoing  statement 
of  formerly  published  opinions  respecting  the  age  of  the  rocks  under 
consideration,  because  the  question-marks  used  in  the  lists  mentioned 
have  been  alluded  to  as  if  they  had  been  used  to  express  doubts  in  regard 
to  the  Cretaceous  age  of  the  coal-bearing  rocks  at  Coalville  and  other 
localities  in  this  region ;  and  my  opinion  on  this  subject  has  been  con- 
sequently treated  as  if  so  vague  and  undecided  that  it  was  not  even 
necessary  for  any  one,  subsequently  arriving  at  the  same  conclusion  in 
regard  to  the  Cretaceous  age  of  any  of  the  coals  of  this  region,  even  so 
much  as  to  allude  to  it.t 

Having  thus  briefly  cleared  away  some  misapprehensions  in  regard  to 
what  has  been  well  known  for  some  years  past  respecting  the  Cretaceous 
age  of  the  coal-deposits  of  Coalville,  Utah,  and  at  Bear  River,  Wyoming, 

*It  should  be  remembered  that  each  of  these  lists  only  includes  the  collections 
brought  in  from  the  explorations  of  the  preceding  summer,  and  that  they  were  not  in- 
tended to  include  all  of  the  known  species  that  had  previously  been  found  in  the  same 
beds,  at  the  same  localities. 

t  See  a  pai)er  on  the  existence  of  Dinomuria  in  the  transition  beds  of  Wyoming,  by 
Prof.  Edward  D.  Cope,  read  before  the  Am.  Philosophical  Society,  1872;  also,  Remarks 
on  the  Geology  of  Wyoming,  by  Prof.  Edward  D.  Cope,  Proceed.  Acad.  Kat.  Sci.  Philad., 
December,  lb72,  page  279. 
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I  will  proceed  to  describe  in  detail  the  various  beds  composiDg  the  great 
thickness  of  strata  exposed  at  and  near  Coalville ;  also  to  explain  their 
order  of  succession,  the  nature  of  the  organic  remains  found  in  each,  &c. 

In  order  that  these  remarks  may  be  tiie  more  readily  understood,  the 
accompanying  section  has  been  prepared,  from  observations  made  at 
the  locality  during  the  past  summer.  It  runs  from  the  principal  coal- 
bed  near  Coalville,  in  a  northwesterly  direction  to  Echo  Ci^on,  a  dis- 
tance, by  a  right  line  a  little  obliquely  across  the  strike  of  the  rocks,  of 
perhaps  three  to  three  and  a  half  miles. 

it  may  be  proper  to  explain  here  that  the  beds  were  not  always  found 
well  enough  exposed  to  afford  absolutely  exact  measurements  of  their 
thickness,  while  the  elevations  of  the  ridges  crossed,  as  well  as  the 
breadth  of  intervening  valleys,  were  merely  estimated.  Another  sec- 
tion across  the  same  outcrops  on  a  different  line,  even  at  no  great 
distance  from  that  of  the  section  here  given,  would  probably  not  agree 
in  minor  details,  because  the  beds  are  liable  to  vary  in  thickness  and 
composition  at  different  localities  in  this  series  of  rocks.  The  heavy 
beds  of  harder  sandstone  are  more  persistent,  and,  as  might  be  expected, 
generally  more  exposed  than  those  of  softer  material.  Those  of  soft, 
decomposing  sandstones,  shales,  clays,  &c.,  more  frequently  form  slopes, 
and  consequently  are  more  apt  to  be  covered  and  obscured  by  loose 
earth.  In  some  cases  we,  therefore,  had  no  other  means  of  determining 
the  nature  of  the  strata  Occupying  such  spaces,  than  by  examining  the 
disintegrated  surface  materials,  and  a  few  small  projecting  ledges. 
Hence  some  of  these  spaces  that  appeared  to  be  occupied  by  clays  or 
shales,  with  only  a  few  intercalations  of  sandstone,  may  be  mainly  or 
entirely  made  up  of  soft  sandstones,  or  alternations  of  the  same  with 
clays  and  shales.  Again,  it  is  an  important  point  to  be  remembered, 
that  there  may  be  other  beds  and  seams  of  coal,  in  addition  to  those 
represented  in  the  section,  because  these  coals  generally  occur  in,  or 
are  connected  with,  clays  and  shales,  or  other  soft  beds  such  as  are  most 
frequently  hidden  from  view. 

A  mile  or  so  in  a  southeasterly  direction  from  Sprigg's  mine,  situated 
directly  in  Coalville,  coal  has  been  found  in  one  or  two  openings  not 
more  than  about  forty  feet  above  the  valley  of  Weber  Iliver ;  and  the 
bed  or  beds  have  been  by  some  supposed  to  hold  a  lower  position  iu 
the  series  than  the  main  coal  (division  5)  of  our  section.  The  locality 
of  these  openings,  with  relation  to  the  known  position  and  dip  of  the 
main  bed,  would  certainly  indicate  for  them  a  lower  horizon  in  the  se- 
ries, and  they  may  possibly  belong  lower ;  but  from  all  the  appearance 
at  these  excavations,  (which  had  partly  fallen  in  at  the  time  of  our 
visit,)  I  have  the  impression  that  this  coal  is  merely  a  portion  of  the 
same  bed  thrown  out  of  its  natural  horizon  with  relation  to  the  rocks 
represented  in  the  section,  by  the  same  powerful  forces  that  upheaved 
and  tilted  all  of  the  strata  of  this  region.  We  did  not  see  more  than 
five  or  six  feet  of  this  coal  exposed,  but  it  is  overlaid  by  a  sandstone 
similar  to  that  forming  the  roof  of  the  main  bed  at  Sprigg's  mine  in 
Coalville,  and  seemed  to  correspond  in  other  respects,  excepting  in  show- 
ing a  ([)robably  local)  reversed  dip. 

Between  this  locality  and  the  lowest  beds  represented  in  the  section, 
as  they  are  seen  nearly  at  Coalville,  there  is  a  space  not  well  exposed  at 
any  points  examined,  and  consequently  we  did  not  determine  the  thick- 
ness and  nature  of  the  beds  occupying  the  same. 

Commencing,  then,  with  the  lowest  strata  represented  in  the  section 
on  the  right,  and  describing  the  beds  in  ascending  order^  we  have  the 
following  series : 
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Ft.    Id. 
.  Xo.  1.  Thin  beds  and  seams  of  ssndstooe  and 
,         clays,  reddish  and  gray  below,  with  some 
d         pebbly  beds  near  the  middle,  and  whitish 
'         and  light-gray  fioft  sandstones  and  clays 

above 120    0 

ISo.  2.  Yellowish  and  reddish  sandy  clays 13    0 

°  Xo.  3.  AltemalioDs  of  light-gray  and  yellowish 
sandy,  more  or  less  laminated,  clays,  and 
beds  and  thin  layers  of  sandstone,  with 

-  Inoceramu*  problematicuB,  Cardium  lubeur- 
turn,  Lueina,  Macrodon,  Modiola  multilini- 

-  ,      gera.Arcopagia  Utahensit,  Oorimla,  MarieHa, 

and  many  other  bivalves ;  with  Neritina 
jyitum,  Turritella  CoalmllensU,  JErtUma  funi- 
culus, Futus  {Septuneat)  tlabbi,  Melampua, 

(Be,  (fee 130    0 

Xo.  4.  Light-grayish  and  ash-colored  clays,  with 
occasional  beds  and  seams  of  Sandstones, 

altogether  from  60  to  80  feet 80    0 

Ko.  5.  Heavy  bed  of  good  coal,  said  to  vary  from 

11  to  13  feet  in  thickness 13    0 

3  No.  6.  Yellowisb-gray  sandstone  forming  roof 
~         of  coal,  and  containing  Ottrea  soleniscus  ft  J 

2         and  Inoceramus 25    0 

'  No.  7.  Dark-colored  (nearly  black)  clay  with  Jn- 
s         oceramua  problematieva ;  varying  from  60  to 

*  100  feet  in  thickness 100    0 

No.  8.  Space  mainly  covered  where  examined, 

but  apparently  occupied  by  clays  and  soft 
"         sandstones,  altogether  perhaps  80  to  lUO 

feet  iu  thickness 100    0 

No.  0.  a.  Massive  whitish  and  yellowish  sand- 
stones, with  casts  and  impressions  of 
g  a  peculiar  Fucoid,  Avicula,  Cardium, 

K  Trapezium,  &c.,  45  feet. 

^  b.  Yellowish  sandstone  with   many  bi- 

*  vlaves,  25  feet. 

D  e.  Massive  whitish  sandstone,  with  Art- 

cula,  Tellina,  &c.,  &e.,  30  feet 100    0 

No.  10.  Yellowish  and  light-gray  clays,  with 

some  beds  and  layers  sandstone 80    0 

No,  11,  a.  Beddisb,  sandy,  and  pebbly  clays, 
not  well  exposed,  20  to  30  feet. 

b.  Conglomerate,  10  to  15  feet. 

c.  Brightyellow  sandstone;  jificulajjo*. 
trodea,  Cardium,  Telliva,  Arcopa- 
gia,(fj  Gyrodes,  Cyprimera  inonetaa, 
Gyrodea  depreasa,  Fuaus  (Neptunea  f) 

8  Vtakettsu,  &c.,  &c.,  50  to  60  feet. 

d.  Heavy,  massive,  whitish  sandstone, 
with  Ottrea  soteniscus,  Cardium,  &c., 
70to80feet \Wi    % 
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No.  12.  a.  Clays  and  sandstones  ^  the  latter  in  thin  layers,  55 
feet. 

b.  Light-gray  and  yellowish  clay,  20  feet 75    0 

No.  13.  a.  Gray  conglomerate  and  sandstone,  42  feet. 

2^.  Light-yellowish  and  grayish  clays  and  pebbly  sand- 
stones, 40  feet. 

c.  Conglomerate,  12  to  15  feet 172    0 

No.  14.  Valley ;  no  good  exposures,  but,  probably,  mainly  shales 

and  clays 600    0 

No.  15.  Alternations  of  shale  and  sandstone 37    0 

No.  IG.  Coal 2    G 

No.  17.  Alternations  of  dark-bluish  fire-clay,  shale,  gray  clay, 
and,  more  or  less,  sofk  sandstone.  Numerous  fresh  brackish 
water  and  marine  types  of  fossils  mingled  together,  such  as 
Anoniia^  Inoceramus,  UniOy  Cardium^  Cyrenn  Carltoni^  Neri- 
Una  Bannisteri,  Neritina  (Dostia  tj  bellatula^  N.  fD.fJ  car- 
ditifonnis^  Eulima  chrysalis^  E.  inconspicua,  Turritella  spiro- 

nemay  Melamptis  antiquus,  Physa^  Valvata,  &c.,  &c 48    0 

No.  18.  a.  Coal,  (Carltpns  bed,)  3  feet  to  3  feet  4  inches. 

b.  Coal  and  black  shale,  1  feet  2  inches. 

c.  Coal,  1  foot '. 5    6 

[There  may  be  a  space  here  of  50  to  60  or  more  feet,  occupied 

by  unknown  beds.] 
No.  19.  Great,  massive,  light-grayish  and  yellowish  sandstone, 

estimated  at  220  feet 220    0 

No.  20.  Gray  sandstone  and  sandy  clays,  with  numerous  Ostrea 

aoleniscus   14    0 

No.  21.  Sandstones  and  clays ...   S5    0 

No.  22.  Valley,  showing  at  places  sandstones  and  sandy  clays, 

estimated  thickness 600    0 

No.  23.  Light-colored  sandstones  and  clays   90    0 

No.  24.  Gray,   soft    sandstone,   with    many  large  Inoceramus, 

Oittrea,  Cardhim,  &c 30    0 

No.  25.  Gray  sandstones  and  clavs ,   18    0 

No.  26.  Whitish  sandstones  and  sandy  clays,  with  fragments  of 

Ostrea  lying  loose  on  surface  of  slope    150    0 

No.  27.  Soft,   light-gray,  coarse  sandstone,  with  some  pebbles    23    0 

No.  28.  Valley,  no  rocks  exposed,  300  to  380 380    0 

No.  29.  Soft,  decomposing,   light-gray,  coarse  sandstone,    and 

conglomerate  . 200    0 

No.  30.  Keddish-brown  conglomerate,  with  local  streaks,  and 
thin  beds  of  soft,  whitish  sandstone,  500  to  600  feet  thick- 
ness     600    0 

No.  31.  Whitish,  soft,  coarse  sandstone,  with  more  or  less  peb- 
bles       60    0 

No.  32.  Great  Echo  Canon  conglomerate,  (brownish  tinge,)  com- 
posed of  pebbles,  bowlders,  and  sandstone,  700  feet  or  more  700    0 

By  footing  up  this  long  list  of  subordinate  beds,  it  will  be  seen  that, 
if  there  are  no  faults  or  down-throws  along  the  line  of  observation,  there 
would  be,  including  the  great  conglomerate  near  the  mouth  of  Echo 
Canon,  and  about  390  feet  of  beds  below  the  main  II  to  13  foot  coal,  an 
aggregate  of  some  4,680  feet  of  strata  embraced  in  the  section.  As 
already  explained,  however,  it  is  not  pretended  that  the  details  of  this 
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section  bave  been  worked  oat  witb  tbe  degree  of  precision  attainable 
by  instrumental  observation,  the  main  object  in  constructing  it  being 
merely  to  illustrate  approximately  tbe  position  and  vertical  range  of 
fossils  with  relation  to  the  coal-beds,  and  to  give  a  general  idea  of  the 
lithological  characters  of  the  series.  It  should  be  stated,  however,  that 
the  dip  and  estimated  distance  across  the  strike  of  the  strata  would 
indicate  even  a  greater  thickness  than  the  sum  of  the  individual  beds 
observed. 

The  dip  of  the  beds,  including  the  main  coal  (5)  toward  the  lower 
part  of  the  section,  seemed  not  to  differ  much  from  about  8^  to  IQo  below 
the  horizon,  to  the  northwestward ;  but  it  increases  gradually  in  that 
direction,  so  that  at  the  fourth  ridge  it  is  about  25o.  Between  this 
ridge  and  the  mouth  of  the  canon  we  observed  no  marked  change  of 
dip,  though  there  appeared  to  be  a  slight  unconformability  between  the 
conglomerate  and  the  lighter  colored  beds  below  at  this  place;  and  this 
unconformity  is  more  obvious  at  other  points  near  here;  while  farther 
up,  near  the  head  of  the  caiion,  it  is  very  strongly  marked,  the  discord- 
ance being,  according  to  Mr.  Emmons,  as  much  as  25^, 

Unfortunately,  we  have  no  means  of  ascertaining  the  precise  distance 
by  an  air-line  traversed  by  the  section,  the  linear  survey  of  the  Coal- 
ville township  not  yet  being  completed.  If  we  estimate  the  distance  at 
three  miles,  and  the  mean  dip  at  17°,  however,  it  would  give  a  thick- 
ness not  materially  greater  than  the  aggregate  of  beds  noted  in  the 
section.  If  the  distance  should  be  as  much  as  three  and  a.  half  to  four 
miles,  however,  the  difference  would  be  so  great  a«  to  warrant  the  con- 
clusion that  we  have  overestimated  the  dip,  or,  what  is  much  more 
probable,  underestimated  tbe  breadth  of  some  of  the  valleys  between 
tbe  ridges,  and  consequently  the  thickness  of  strata  hidden  beneath  the 
same.  As  evidences  of  horizontal  displacements  of  some  of  the  ridges, 
however,  were  observed,  it  is  possible  that  the  discrepancy  may  be,  in 
part  at  least,  accounted  for  in  that  way.* 

Mr.  Emmons  gives  in  Mr.  King's  rei)ort  about  6,000  feet  as  the  entire 
thickness  of  the  Cretaceous  series  here,  exclusive  of  the  Echo  Caiion 
conglomerate,  which  is  apparently  Tertiary.  But  I  infer  that  he  includes 
in  this  estimate  a  considerable  thickness  of  lower  strata  farther  up 
Weber  Kiver  than  our  examinations  extended. 

All  of  the  lower  beds  forming  divisions  1  to  6,  inclusive,  of  this  section 
are  seen  in  a  low  hill,  or  rising  space,  directly  on  the  southeastern  mar- 
gin of  Coalville,  flexed  around  so  as  not  to  conform  to  the  general  dip 
and  strike  of  the  strata  between  this  vicinity  and  Echo  Canon ;  their 
strike  being  nearly  north  and  south,  and  their  dip  nearly  westward, 
some  14P  below  the  horizon.  About  two  miles  to  the  northeastward, 
however,  and  at  a  higher  elevation,  coal-mines  have  been  opened  on  the 
main  bed  forming  No.  5  of  the  section,  that  show  this  bed  and  the  over- 
lying sandstone  and  other  strata,  conforming  there  with  the  general  dip 
and  strike  of  the  beds  between  theie  and  Echo  Caiion.  Between  these 
mines  and  Coalville,  the  highly  fossiliferous  strata  forming  the  division 
No.  3,  which  we  know  properly  holds  a  position  below  the  main  coal- 
bed,  occur  some  hundreds  of  feet  north  of  a  right  line  between  these 
mines  and  the  coal-mine  directly  at  Coalville,  in  the  same  bed ;  thus 

*  Along  Grass  Creek  we  observed  some  curious  indications  of  lateral  displacements. 
This  creek  cuts  very  obliquely  through  some  of  the  ridges,  which  do  not  correspond  on 
opposite  sides.  That  is,  the  ends  of  the  ridges  on  opposite  sides  of  the  creek  do  not 
coincide  exactly,  those  on  one  side  ending  opposite  intervening  valleys  between  those 
on  the  other,  as  if  there  had  been  a  fracture  along  the  course  of  the  creek.,  o^ii!^  \)b\'aXA6\'^ 
displacement  of  the  strata  on  one  or  both  sides  of  the  Bame. 
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appearing  aa  if  they  really  hdd  a  higher  horiaon  in  the  atiiiea  flmi  the 
main  coal  (5)  of  the  aectioii.  At  thia  place  theae  more  foaailiferona  beda 
are  seen  in  a  ridge,  abutting  direetly  againat  the  lighter-odcwedj  mote 
massive  aandatonea  of  divinon  9,  fjwming  the  flrat  ridge.  In  following 
this  ridge  along  in  a  aootliweaterly  direotion  we  come  anddenly  to  a 
point  where  the  more  massive,  lighter-eoloced  sandstones  of  division 
9  end,  and  we  pass,  almost  by  a  single  step,  npon  the  thinner,  more  foa- 
siliferous  layers  of  division  3 ;  the  two  divisions  coming  as  abruptly 
together  as  if  their  strata  had  been  sawed  off  and  placed  end  to  end 
against  each  other.  Hare  the  atrike  of  the  strata  of  these  two  divis- 
ions is  nearly  the  same,  and  the  dip  also  of  both  is  northwestward,  but 
those  of  division  3  dip  at  a  somewhat  higher  angle  than  division  9. 

This  lateral  displacement  of  portions  of  these  lower  strata  is  very 
puzzling,  and  had  led  to  the  oonolusion  that  they  belong  above  the 
horizon  of  the  main  coal.  We  were  so  fortunate,  however,  as  to  And 
them  cropping  out  at  pointa  within  a  mile  to  the  southeastward  ot  the 
coal-mine  in  the  main  bed,  direotly  at  Coalville,  readily  recognisable  by 
their  characteristic  fossils  and  lithological  eharaoters,  and  yet  dearly 
dipping  under  the  division  4^  which  was,  in  the  same  way,  traced  along 
the  outcrops  to  where  it  is  distinctly  seen  to  dip  under  the  main  coal, 
directly  at  Coalville.  There  can^  therefore,  be  no  question  whatever  in 
regard  to  these  beds  holding  a  position  beneath  the  main  coal-bed ; 
that  is,  the  lowest  coal  represented  in  the  section  here  given. 

The  determination  of  tlie  position  of  these  beds  beneath  this  coal  is 
a  matter  of  some  little  interest,  because  it  ediows  that  in  viewing  Uiis 
series  in  the  ascending  order,  we  start  with  a  succession  of  highly  fos- 
siliferous  beds,  containing  a  group  of  forms,  among  which  we  recognize 
the  Cretaceous  and  older  genus  InoceramuSj  represented  by  the  well- 
known  Cretaceous  species  J.  problemoHcui.  The  other  fossils  found  in 
these  beds  seem  to  be  all  new  species,  though  several  of  them  are  nn- 
distinguishable  from  forms  found  in  the  beds  far  above  the  main  coal. 
The  TurriteUusLud  ModioUij  from  this  locality,  that  I  at  onetime  thought 
probably  identical  with  Cretaceous  species  from  California  and  Texas, 
came  from  these  beds ;  and  although  later  comparisons  have  satisfied 
me  that  they  are  new  species,  they  are  certainly  very  closely  allied  to 
the  Cretaceous  forms  with  which  I  had  compared  them. 

Although  nearly  all  the  fodsils  from  these  beds  are  certainly  marine 
types,  a  few  of  them,  such  for  instance  as  two  or  three  species  of  Nere- 
Una  and  one  of  ^felampus^  indicate  that  streams  of  fresh  water  proba- 
bly flowed  into  the  sea,  bay,  or  inlet  in  which  the  marine  forms  lived, 
from  close-lying  land,  during  the  deposition  of  these  rocks. 

The  local  displacement  of  portions  of  the  lower  beds  of  the  section  at 
Coalville,  mentioned  above,  doubtless  caused  the  impression  at  one  time 
entertained,  that  the  dark-colored  clay  ^division  7  of  the  section)  con- 
taining Tnoceramus  problematicusj  and  pernaps  fragments  of  AmnumiteSy 
seen  in  some  of  the  excavations  there,  probably  held  a  position  beneath 
the  main  coal,  (division  5.)  An  inclined  shaft,  however,  in  course  of 
excavation  directly  at  Coalville,  during  the  past  sammer,  demonstrates 
in  the  clearest  and  most  satisfactory  manner  that  its  position  is  above 
the  horizon  of  the  sandstone  forming  the  roof  of  this  coal,  as  the  shi^ 
passes  lirst  down  through  some  50  or  more  feet  of  this  clay  before  it 
strikes  the  sandstone  immediately  over  this  coal.  Large  quantities  of 
this  clay  were  observed  lying  near  the  top  of  the  shaft,  when  we  were 
at  the  locality,  and  numerous  specimens  of  Inoceramus  problenuitieus 
wei-e  to  be  seen  in  it. 

Of  course  no  attempt  has  been  made  to  illustrate,  in  the  accompany- 
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iDg  section,  this  fault  and  local  displacement  of  the  lower  beds  of  the 
same,  observed  here  at  Goalville,  because  the  fracture  runs  so  nearly 
pfurallel  to  the  section  that  it  could  not  be  done. 

At  one  place  on  the  southeastern  side  of  the  first  ridge,  almost  ex- 
actly at  the  point  where  the  fault  already  mentioned  crosses,  some  coal 
was  found  in  a  drift  excavated  into  the  side  of  the  hill,  i)erhaps  80  to  90 
feet  above  the  horizon  of  Weber  Valley.  As  this  coal,  however,  was 
soon  found  to  end  abruptly,  on  following  it  in,  it  is  probably  only  a  de- 
tached portion  of  the  main  bed,  (5,)  thrown  that  far  out  of  its  natural 
position  with  relation  to  the  other  strata,  by  the  fault  cutting  through 
the  whole.  As  suggested  by  Mr.  Emmons,  however,  it  could  certainly 
be  found  again  at  a  lower  position  on  the  same  side  of  the  ridge,  pro- 
vided the  search  should  be  made,  on  the  northeastern  side  of  the  line  of 
fracture.  Its  position,  however,  on  the  other  side  of  the  fault,  would 
be  on  the  opposite  or  northwestern  side  of  the  ridge,  since  that  end  of 
the  ridge  is  composed  of  beds  really  belonging  below  the  horizon  of  this 
coal.  It  is  probable,  however,  that  if  bodies  of  this  coal  exist  on  the 
northwest  side  of  this,  ridge,  near  the  line  of  fracture,  they  would  be 
found  so  much  broken  up  and  distorted  as  to  be  of  little  practical 
value. 

Some  facts  observed  at  the  locality  gave  origin  to  the  suspicion  that 
possibly  the  whole  of  that  portion  of  the  first  ridge  on  the  northeastern 
side  of  the  fault  may  really  be  only  a  down-thrown  part  of  the  second 
ridge,  or  even  that  both  this  and  the  second  ridges  might  be  down- 
throws of  the  third;  though  the  subordinate  beds  composing  these 
ridges  do  not  seem  to  correspond  closely  enough  to  warrant  this  conclu- 
sion. 

The  fault,  or  lateral  displacement,  mentioned  in  the  first  ridge,  is  also 
strikingly  manifest  in  the  second ;  the  lateral  movement  there  being 
more  than  100  feet,  precisely  as  if  the  whole  ridge  had  been  cut  across 
by  a  gigantic  saw,  and  the  strata  on  the  southwest  side  of  this  division 
slipped  that  far  to  the  northwestward,  or  the  portion  on  the  northeast 
side  as  far  southeastward.  Evidences  of  this  fracture  are  to  be  seen  in 
the  other  ridges,  and  I  have  no  doubt  that  it  cuts  through  the  whole 
to  Echo  Canon,  and  possibly  far  beyond  in  a  north  or  northwesterly 
direction,  not  exactly  but  more  or  less  nearly  at  right  angles  to  the  trend 
of  the  ridges  and  strike  of  the  strata.* 

Divisions  14, 15, 10,  and  17  were  not  seen  well  exposed  on  the  line  of 
the  section,  or  even  on  the  east  side  of  Weber  Eiver,  though  they  are 
doubtless  exposed  at  some  localities  on  that  side.  On  the  west  side  of 
the  river,  however,  at  Mr.  Oarleton's  coal-mine,  about  two  miles  in  a 
southwesterly  direction  from  Coalville,  and  at  a  higher  elevation,  these 
beds  were  cut  through  by  a  drift  excavated  into  the  side  of  the  hill 
horizontally,  nearly  in  the  direction  of  the  dip,  which  is  there  to  the 
northwestward  about  20^  below  the  horizon.  Coal,  however,  has  beeu 
found  at,  or  very  nearly  at,  this  horizoa  on  the  east  side  of  the  river; 
while  the  great  massive  sandstone  composing  division  18  forms  a  pre- 
cipitous escarpment  above  Mr.  Carleton's  mine,  and  thence  extends  con- 
tinuously, in  a  northeasterly  direction,  to  Weber  Kiver,  at  a  point  nearly 
opposite  the  third  ridge  on  the  east  side,  thus  leaving  little  room  to 
doubt  that  Carleton's  coal  and  the  associated  beds  occupy  the  i)osition 
assigned  them  in  the  section  there,  as  they  do  on  the  west  side  of  the 
river. 

'Other  Himilar  fanUs,  or  later  displacements,  were  alao  seen  in  the  ridgea  «Ai  qV.\i<^\. 
I>oint8  a  mile  or  ao  farther  eaistward. 
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Division  17  of 
Coalville  sec- 
tion. 


As  the  drift  at  Mr.  Carleton's  mine  penetrates  almost  horizontally, 
and  nearly  in  the  direction  of  the  dip  of  the  beds,  of  coarse  it  cnts 
obliquely  through  them  from  below  upward.  Owing  to  the  darkness  in 
the  mine,  however,  and  the  presence  of  timbers  at  places,  we  could  not 
examine  the  beds  there  very  carefully ;  but  Mr.  Carleton  kindly  gave 
us  the  following  detailed  statement  of  their  thickncHS,  order  of  succes- 
sion, &c.: 

Ft.  In. 

A.  Sandstone,  forming  the  roof  of  the  coal  and 

shale,  containing  Inoceramus 

B.  Coal 1 

C.  Impure  slaty  coal  and  shale 1 

D.  Coal  of  good  quality 3 

E.  Fireclay 1 

F.  Soft  gray  sandstone,  InoceramuSy  Unio,  Car- 

diunij  and  Anomia 12 

G.  Dark-bluish,   or  nearly  black,  and  lighter 

colored  indurated  clays,  containing  many 
fresh  and' some  salt-water  types  of  shells, 
such   as  Physa^  Valvatu,  Cyrena^  Neritina^ 

Melampufty  Eulimaj  Turritelkiy  &c 10  0 

H.  Shale 40 

1.  Soft  rusty  sandstone,  with  Cardium  and  frag- 
ments of  other  fossils. 15  0 

J.  Fire-clay 6  0^ 

K.  Coal 2  6 

L.  Shale 10  0 

M.  Dark  sandy  shale 20  0 

N.  Sandstone 7  0 

O.  Iron  ore 4  1 

P.  Dark  shale 6  0) 


0 


-    Division  16. 


Division  15. 


Division  14. 


Although  we  could  not,  as  stated,  examine  all  of  the  beds  and  seams 
of  these  divisions  of  the  section  in  as  much  detail  as  desired,  there  being 
no  surface  outcrops  of  the  same  here,  we  nevertheless  did  see  nearly  all 
of  them  in  place,  with  their  characteristic  fossils,  in  passing  nlong  the 
drift  or  gallery  leading  to  the  coal,  and  in  part  immediately  over  the 
same.  At  some  places  in  the  mine,  the  clays  and  thin  seams  of  coal 
above  the  coal  D  had  fiillen  in,  so  as  to  expose  the  overlying  sandstone 
A,  and  in  the  under  surface  of  this  we  shw  many  casts  of  Inoteramiis. 
In  the  bed  F  we  likewise  saw  Inoceramus^  Cardium^  and  imperfect  ex- 
amples of  V7iiOj  while  from  the  dark  clays  G  we  picked  a  few  shells, 
when  examining  this  bed  in  the  drift.  Considerable  qu.intities  of  the  re- 
moved portions  of  all  of  these  beds  were  also  to  be  seen  lyinji:  in  heaps 
at  the  entrance  of  the  drift,  and  that  from  each  could  there  be  i^eadily 
identified  by  Mr.  Carleton,  so  that  we  had  no  diflQculty  in  referring  all 
of  the  fossils  found  in  this  loose  material,  which  had  not  been  long  ex- 
posed to  the  weather,  to  their  proper  beds. 

It  was  the  opinion  of  the  miners  here  that  the  sandstone  A,  in  which 
we  saw  casts  of  Inoceramus^  in  the  mine,  is  the  lower  part  of  the  massive 
division  18  of  the  section.  Although  this  view  was  adoi)ted  in  con- 
structing the  section,  it  is  possible  that  it  may  be  a  lower  bed  of  sand- 
stone, separated  from  the  base  of  the  massive  stratum  18  by  50  or  60 
feet  of  clay  or  other  material,  as  there  seemed  to  be  rather  too  long  a 
slope  between  the  base  of  the  exposed  part  of  the  sandstone  18,  seen 
'jhovef  and  the  entrance  of  the  drilt,  to  be  filled  by  the  beds  obliquely 
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perforated  by  the  same;  though  we  had  no  means  of  determining  how 
much  of  the  lower  part  of  this  sandstone  may  be  hidden  in  this  slope. 

The  group  of  fossils  found  in  the  dark  indurated  clay  G  is,  in  several 
respects,  a  very  interesting  one,  not  only  because  every  species  is  new 
to  science,  and  all  of  them  entirely  different  from  any  yet  found  at  any 
other  locality,  or  even  in  any  other  beds  at  this  locality,  (with  possibly 
one  or  two  exceptious,)  but  on  account  of  their  modern  affinities.  Here 
we  have,  from  beds  certainly  overlaid  by  more  than  1,000  feet  of  strata 
coutaiuiug  Gretuceous  types  of  fossils,  a  little  group  of  forms,  present- 
ing such  modern  affinities  that,  if  placed  before  any  paleontologist  un- 
acquainted with  the  facts,  they  would  be  at  once  referred  to  the  Tertiary. 
Such  examples  as  this  illustrate  the  difficulties  with  which  the  paleon- 
tologist sometimes  has  to  contend,  and  show  how  very  cautious  we  should 
be  iu  deciding  from  the  affinities  of  new  species  of  fresh  and  brackish 
water  types  of  shells  (the  vertical  range  of  which  is  unknown)  the 
geological  age  of  rocks  in  which  they  are  found ;  because  species  of  this 
kind,  from  rocks  of  various  ages,  often  closely  resemble  each  other, 
while  they  rarely  present  such  well-marked  distinctive  features  as  we 
see  in  marine  shells  from  different  horizons.  Some  of  the  species  of 
Physa,  Cyrena^  NerUirm^  &c.,  for  instance,  from  the  clays  under  consid- 
eration, closely  resemble  existing  species ;  while  one  or  two  of  Melampus 
present  but  very  slight  differences  from  Paris  Basin  Tertiary  species, 
figured  by  Deshayes  under  the  name  Auricula. 

It  would  appear  that  the  indurated  clay  containing  these  mixed  types 
of  shells  must  have  been  deposited  in  the  form  of  fine  mud,  in  an  estu- 
ary, or  posvsibly  a  larger  body  of  salt  water,  into  which  the  fresh-water 
shells  were  swept  by  streams  flowing  in  from  adjacent  land.*  There 
were  probably  here,  however,  during  the  deposition  of  all  this  great 
group  of  coal-bearing  strata,  as  during  the  formation  of  the  far  more 
ancient  Carboniferous  coals,  various  oscillations  of  the  earth's  surface, 
because  we  have  every  reason  to  believe  that  every  bed  or  seam  of  coal, 
even  if  only  a  few  inches  iu  thickness,  was  formed  in  marshes,  by  the 
growth  and  accumulation  of  vegetable  matter,  at  or  a  little  above  the 
sea-level,  while  we  find  marine  types  of  fossils  through  most  of  the  in- 
tervening strata ;  showing  that  after  the  accumulation  of  the  material 
of  each  bed  and  seam  of  coal,  there  was  a  subsidence,  and  a  return  of 
the  sea. 

Above  the  horizon  of  Mr.  Carleton's  mine,  we  only  saw  marine  types 
of  fossils,  though  there  may  be  other  beds  containing  fresh-water  shells 
higher  in  the  series.  As  already  explained,  we  saw  in  the  sandstone 
supposed  to  be  the  lower  part  of  division  18,  in  Mr.  Garleton's  coal-mine, 
casts  of  one  or  more  species  of  the  marine  genus  Inoceramus.  We  also 
saw  higher  in  that  division,  on  the  east  side  of  Weber  River,  casts  of 
the  marine  genus  Cardium ;  while  in  some  thinner  beds  of  sandstone 
and  clays  forming  division  19,  just  above  18,  there  occur,  on  the  east 
side  of  the  river,  numerous  casts  and  shells  of  a  peculiar  oyster  I  have 
called  0,  soleyiiscus. 

This  oyster,  which,  as  already  stated,  occurs  at  several  horizons  far 
down  in  the  series,  is  very  peculiar,  and  easily  recognized  by  its  unusually 
narrow,  elongated,  and  generally  quite  straight  form.  At  the  locality 
mentioned  above,  on  the  east  side  of  the  river,  many  examples  of  it 

'  It  is  evident  that  these  firesh-water  sheUs  could  not,  however,  have  been  trans- 

Eorted  very  far,  because ,  although  quite  thin,  they  are  not  water- worn,  bat  seem  to 
ave  been  deposited  in  an  unbroken  condition.    Many  of  them,  however,  are  found  in 
a  crashed  condition,  evidently  from  pressure  during  the  consolidation  of  tbL!i&  ^\o^. 
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were  seen,  presenting  a  cnrioas  and  puzzling  appearance.  They  had 
grown  crowded  together  by  thousands,  beak  downward;  i^hile,  in  most 
cases,  the  shell  itself  was  dissolved  away,  leaving  only  the  internal  casts, 
often  12  to  13  inches  in  length  and  only  about  2  inches  in  breadth, 
standing  side  by  side,  with  their  longer  diameters  at  right  angles  to 
the  plane  of  the  bed  in  which  they  were  enveloped.  At  first  it  was 
rather  difficult  to  comprehend  what  they  could  be,  but  on  drawing  some 
of  them  that  were  loose  from  the  cavities  they  were  found  to  be  the 
internal  casts  of  this  peculiar  oyster,  showing  the  muscular  scars  quite 
distinctly.  In  a  few  instances,  however,  some  of  these  specimens  also 
retain  the  shell  itself  entire. 

The  highest  horizon  in  this  great  series  of  beds  at  which  fossils  were 
seen  in  situ  was  in  division  23  of  the  section,  (fourth  ridge.)  Here  we 
found  in  a  light-grayish,  soil  sandstone  numerous  casts  and  broken 
shells  of  a  large  InoceramuSj  with  fragments  of  Ostrea  and  casts  of  a 
Cardium.  The  Inoceramus  found  here  is  a  suborbicular,  rather  com- 
pressed or  moderately  convex  species,  with  a  rather  short  hinge  and 
regular  concentric  undulations.  It  agrees  well  with  Upper  Missouri 
specimens  vre  have  always  referred  to  L  nebrascensiSj  Owen,  from  the 
Cretaceous,  excepting  that  none  of  the  specimens  found  are  quit€  so 
large  as  Owen's  type ;  the  size  being  about  intermediate  between  I. 
8agen8is,  and  L  nebrascensi^^  Owen,  which,  however,  may  be  only 
varieties  of  one  species.  The  fragments  of  Ostrea  and  casts  of  Cardium 
found  in  the  same  association  were  too  imperfect  for  satisfactory  identi- 
fication, but  seemed  to  be  very  like  forms  found  far  below  this  horizon 
in  other  beds. 

Along  a  slope  formed  by  division  25  loose  fragments  of  Ostrea  were 
observed,  that  appeared  to  be  the  same  form  found  associated  with  the 
Inoceramus  and  Cardium,  in  division  23,  but  none  were  seen  in  place. 

Beyond  this,  toward  Echo  Oafion,  as  we  ascend  in  the  series  the  same 
light-gniyish  colors  prevail  in  the  sandstones  and  intercalated  beds  of 
conglomerate,  for  perhaps  five  or  six  hundred  feet  or  more  before  we 
come  to  the  great  brownish  conglomerate  of  the  caiion.  These  lighter 
colored  sandstones,  however,  are  coarser  and  less  coherent  than  most  of 
those  below  the  division  26.  We  looked  carefnlly  for  fossils  in  these 
beds,  but  found  no  traces  of  organic  remains  of  any  kind ;  and,  judging 
from  the  coarseness  of  the  material,  it  is  probable  that  it  was  rapidly 
deposited  during  the  prevalence  of  physical  conditions  unfavorable  to 
animal  life. 

The  same  was  also  evidently  the  case,  even  in  a  far  more  marked  de- 
gree, during  the  deposition  of  those  huge,  massive  beds  of  brownish 
conglomerate,  at  Echo  Caiion,  (divisions  29  to  31,  inclusive,  of  the  sec- 
tion,) which  are  so  coarse  a«  to  present  the  appearance  of  consolidated 
drift.  These  beds  are  mainly  composed  of  water- worn  rocks  of  every 
size,  from  that  of  small  pebbles  to  bowlders  from  6  to  10  inches  in 
diameter,  the  larger  sizes  more  frequently  predominatinjf.  The  inter- 
stices are  filled  with  arenaceous  matter,  and  the  whole  firmly  cenientt*d 
together.  So  far  as  examined,  near  the  mouth  of  the  caiion,  a  large  ma- 
jority of  these  pebbles  and  bowlders  wen*  found  to  be  very  hard,  light- 
grayish  siliceous  rock,  apparently  metamorphosed  sandstone,  though  a 
few  of  igneous  origin  were  occasionally  seen.  The  whole  formation  is 
so  massive  that  it  would  often  be  difficult  to  see  in  it  any  evidences  of 
stratification,  if  it  were  not  for  occasional  seams  and  lenticular  bodies 
of  intercalated  sandstone  along  certain  horizons.  These  have  a  deep 
reddish-brown  color,  and,  as  they  are  liable  to  weather  out,  where  ex- 
posedf  thoy  leave  lines  of  cavities  that  impart  to  the  surface  of  precip- 
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itoas  exposures  a  stratified  appearance.  Tbe  coloring  matter  by  which 
the  whole  formation  is  tinged  brownish-red  evidently  comes  from  these 
intercalated  seams  of  sandstone,  and  the  same  material  forming  the 
I)aste  of  the  conglomerate ;  becaase  the  pebbles  and  bowlders  them- 
selves forming  the  main  body  of  the  same,  when  washed,  often  retain 
little  of  this  fermginouH  tinge. 

Of  coarse  we  can  scarcely  hope  to  find  organic  remains  in  snch  a  for- 
mation as  this,  which  must  have  been  deposited  by  the  action  of  powerful 
currents  of  water,  in  which  mollusks  or  other  organisms  could  not  have 
lived ;  and  if,  by  any  chance,  their  shells  or  other  solid  parts  should 
have  been  placed  there,  they  would  probably  have  been  ground  to  pow- 
der by  attrition  among  the  rolling  pebbles  and  bowlders  and  whirling 
sands.  If  any  traces  of  fossils,  however,  exist  in  any  part  of  this  forma- 
tion, it  18  among  the  seams  and  intercalated  beds  or  lenticular  masses . 
of  sandstone,  or  local  bodies  of  finer  material,  that  they  most  probably 
occur. 

This  immense  massive  conglomerate  not  only  composes  the  towering 
walls  of  Echo  Caiion — at  places  forming  perpendicular,  or  even  over- 
hanging escarpments,  500  to  800  feet  in  height — but  also  rises  into 
mountain  masses  on  the  west  side  of  Weber  River  near  the  mouth  of 
the  canon.  Opposite  Coalville,  on  the  same  side,  five  miles  farther  up, 
it  likewise  forms  the  upper  part  of  the  mountains  above  the  Cretaceous; 
while  south  of  Coalville,  on  the  east  side  of  the  river,  it  is  developed  in 
such  great  force  as  apparently  to  form  much  of  the  entire  mass  of  the 
mountains  seen  there.  I  am  not  sure  that  we  saw  its  entire  thickness 
exposed  at  any  one  place,  but  it  probably  attains  a  thickness  of  2,000 
feet  in  places. 

That  this  great  conglomerate  formation  is  of  Tertiary  age,  as  suggested 
by  Dr.  Hayden,  Mr.  King,  and  Mr.  Emmons,  I  know  of  no  reason  to  ques- 
tion. This  view  not  only  accords  with  the  fact  of  its  position  above  such 
an  extensive  series  of  Cretaceous  rocks,  but  with  its  non-conformability 
with  the^ame,  as  well  as  with  its  remarkably  coarse  material.  The  line 
of  separation  between  the  two  formations  is  probably  that  separating 
divisions  29  and  30  of  our  section — that  is,  all  below  that  line  probably 
belongs  to  the  Cretaceous — though  we  did  not  find  any  fossils  in  place 
above  division  23,  and  those  found  there  were  certainly  Cretaceous  types. 

When  referring  the  coal  series  at  Coalville  to  the  Cretaceous,  in  Mr. 
King's  and  Dr.  Hayden's  reports,  I  called  attention  to  the  very  unusual 
entire  absence,  so  far  as  known,  of  the  genera  Ammonites^  Scaphitesy 
BacuUteSj  and  all  of  those  various  other  Cephalopoda,  as  well  as  of  many 
other  types,  so  generally  at  once  distinguishing  marine  Cretaceous 
rqcks  from  those  of  Tertiary  age.  At  the  same  time,  however,  I  noticed 
the  presence  of  several  species  of  Inoceramus,  one  of  Anchura^  and  one 
of  Oyrodes,  genera  that  do  not  occur  in  more  modem  rocks  than  those 
belonging  to  tbe  Cretaceous  period ;  and  it  was  on  this  evidence,  and 
the  specific  afl^ities  of  some  of  the  other  types,  that  I  was  led  to  refer 
this  series  to*he  Cretaceous.  The  genus  Cyprimera,  Conrad,  (and 
probably  several  other  genera  yet  only  known  in  the  condition  of  casts,) 
may  now  be  added  to  the  list  of  Cretaceous  types  found  in  this  series ; 
while  the  species  of  Cyprimera  discovered  here  is  so  nearly  like  C.  de- 
pressaj  from  the  Cretaceous  of  North  Carolina  and  Mississippi,  as  to 
leave  doubts  whether  it  may  not  really  be  the  same.  We  also  now 
have  the  well-known  Cretaceous  species  Inoceramus  problematicus,  from 
boih  above  and  below  the  main  coal-bed  at  Coalville;  while  another 
larger  InoceramuSj  from  far  above  all  the  coal  here,  is  apparently  ideii- 
tical,  specifically,  with  an  Upper  Missouri  Cretaceous  s^^\^:&. 
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As  I  have,  however,  mentioned  faults  and  lateral  displacements  of 
the  strata  here,  it  may  be  thought  by  some  who  are  yet  incredulous  in 
regard  to  the  Cretaceous  age  of  these  coals  that  these  disturbances  of 
the  strata  may  have  given  origin  to  erroneous  conclusions  respecting 
the  positions  of  the  beds  containing  the  Cretaceous  types  with  relation 
to  the  coals.  This,  however,  is  simply  impossible,  because  these  fossils 
occur,  as  elsewhere  stated,  both  abov^e  aod  below  the  coal-beds,  even  in 
local  exposures,  where  all  the  strata,  and  inclnded  coal-beds,  can  be 
clearly  seen  conformable  and  in  their  natural  ))ositions  with  relation 
to  each  other.  Consequently  it  would  not,  in  the  slightest  degree,  weaken 
the  force  of  the  evidence,  even  if  we  should  admit  any  conceivable 
amount  of  dist.irbance  of  the  beds,  or  even  if  we  were  to  suppose  the 
whole  vast  series  of  beds  had  been  bodily  tilted  up  and  completely  in- 
verted, (of  which  condition  of  things  there  is  no  evidence,)  because,  even 
in  that  case,  we  would  still  have  unquestionable  Cretaceous  types  both 
above  and  below  the  coal-beds. 

In  the  reports  above  cited,  I  stated  some  reasons  for  supposing  this 
whole  group  of  Cretaceous  rocks  to  belong  to  a  more  recent  meml)er  of 
that  system  than  any  of  the  recognized  subdivisions  of  the  Upper  Mis- 
souri Cretaceous.  The  facts  observed  at  the  locality  last  season,  how- 
ever, seem  to  demonstrate  that  this  is  not  the  case.  For  instance,  we  found 
toward  the  lower  part  of  the  section,  both  above  and  below  the  main 
coal-bed,  Inoceramm  problematicusj  a  widely  distributed  species  that  is 
very  characteristic  of  the  Niobrara  and  Benton  groups  of  the  Upper 
Missouri, .which  there  occupy  positions  below  the  middle  of  the  series; 
and,  so  far  as  I  know,  this  species  never  occurs  in  this  country  above 
this  horizon.*  Again  we  found,  far  above  this,  in  division  23  of  the  sec- 
tion, numerous  specimens  of  a  larger  Inoceramv^^  which,  if  not  really 
identical  with  one  of  those  forms,  is  scarcely  distinguishable  from  J. 
Hagensis  and  L  Nebrmcensis  of  Owen,  which  occur  in  the  later  members 
of  the  Upper  Missouri  series.  From  these  fact*,  it  is  more  probable 
that  we  have  here,  at  and  near  Coalville,  representatives  of  the  whole 
Upper  Missouri  series,  with  possibly  even  lower  members,  farther  up 
Weber  River,  than  any  of  the  known  Upper  Missouri  subdivisions  of  the 
Cretaceous,  if  this  is  so — and  there  seems  to  be  little  reason  to  doubt  it — 
the  marked  ditferonce  observed  between  almost  the  whole  group  of  fossils 
found  here,  and  those  of  the  Upper  Missouri  Cretaceous,  would  seem  to 
indicate  that  there  was  no  direct  communication  between  the  Cretaceous 
seas  or  gulfs  of  that  region  and  those  in  which  these  Utah  beds  were 
deposited.  Ditfereuces  of  physical  conditions,  however,  probably  also 
played  an  imporUmt  part  in  the  production  of  this  diversity  of  life, 
since  it  is  evident  from  the  great  predominance  of  clays  and  other  fine 
materials  in  the  Cretaceous  beds  of  the  Upper  Missouri,  that  they  were 
deposited  in  comparatively  deeper  and  more  quiet  waters  than  those  in 
Utah,  in  which  coarse  sandstones,  with  occasional  pebbly  beds,  predom- 
inate. 

Although  the  Coalville  coals,  and  indeed  all  of  thos^of  this  entire 
region  of  country,  belong,  (as  might  be  expected  from  their  compara- 
tively modern  age,)  chemically  speaking,  to  the  brown-coal  series,  they 
are  of  unusally  good  quality,  being  generally  as  hard,  black,  compact, 
and  shining  as  the  far  older  Carboniferous  coals.  They  burn  much  like 
bituminous  coal,  being,  in  fact,  semi-bituminous.    As  they  contain  more 


*For  tho  information  of  European  geologists,  not  familiar  with  the  details  of  our 
geology,  it  8honl(i  be  stated  that  the  entire  Upper  Missouri  Cretaceous  series  belongs  to 
the  upper  part  of  that  system. 
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water,  however,  their  heating  properties  are  not  equal  to  those  of  the 
older  Carboniferous  coals,  while  they  are  more  liable  to  crumble  from 
exposure  and  handling.  Still,  when  we  take  into  consideration  the  great 
scarcity  of  wood  throughout  immense  areas  of  this  internal  part  of  the 
continent,  the  thickness  and  extent  of  some  of  the  beds,  and  their  prox- 
imity to  the  Pacific  Eailroad,  it  will  readily  be  understood  that  these 
mines  must  be  of  great  value. 

The  main  bed  (division  6  of  the  section)  must  contain  practically  in- 
exhaustible quantities  of  coal,  and  has  a  moderately  firm  roof  of  sand- 
stone. Some  difficulties,  however,  will  be  met  with  at  places,  in  mining 
it,  ou  account  of  faults  and  dislocations  of  the  strata,  but  not  greater 
than  in  coal-mining  in  other  disturbed  districts. 

It  is  also  evident  that  in  mining  these  coals,  great  care  should  be 
taken  not  to  allow  the  refuse  thrown  from  mines  to  accumulate  at  the 
entrance,  in  contact  with  the  outcrop  of  the  coal-bed  in  place ;  because 
this  refuse  coal,  as  thus  exposed  to  the  weather,  is  liable  to  take  fire 
spontaneously,  and  ignite  the  coal  in  the  mine,  causing  great  trouble 
and  loss,  not  always  so  much  from  the  amount  of  coal  consumed  as  from 
filling  portions  of  the  mine  with  suffocating  gases  and  smoke,  as  well 
as  from  causing  the  falling  in  of  the  overlying  strata. 

At  Spriggs's  mine,  directly  in  Coalville,  the  strata,  as  already  explained, 
do  not  conform  to  the  general  dip,  and  strike  on  the  other  side  of  Chalk 
Creek,  a  little  north  and  east  of  here,  the  strike  being  nearly  north  and 
southj  and  the  dip  but  little  north  of  west,  about  14^  below  the  horizon. 
The  rising  up  of  the  beds  here  is  almost  concident  with  the  western 
slope  from  a  little  plateau  of  30  to  40  feet  elevation  above  the  valley  on 
the  southeast  margin  of  the  town.  Formerly  the  mine  here  was  worked 
by  drifts  or  galleries,  following  the  coal  directly  from  the  surface  under 
the  inclined  sandstone,  (division  6,)  which  forms,  at  places,  the  surface 
*of  the  slope  from  the  little  plateau.  Fire,  however,  was  communicated 
from  the  burning  slack  coal  at  the  entrance  of  the  mine,  to  the  outcrop 
of  the  coal-bed,  and  burned  under,  causing  the  sandstone  to  fall  in,  and 
filling  parts  ot  the  mine  with  smoke  and  gases,  which  were  escaping 
from  cracks  in  the  fallen-iu  sandstone  and  overlying  earth  when  we 
were  there. 

Whether  ou  account  of  inconvenience  caused  by  the  burning  coal,  or 
for  other  reasons  we  did  not  learn,  they  were,  when  we  were  at  the  lo- 
cality, sinking  a  highly  inclined  shaft,  commencing  a  little  above  the 
base  of  the  slope  mentioned,  and  cutting  down  obliquely  through  the 
clay  of  division  7  and  division  6,  to  strike  coal-bed  some  distance  below 
the  bottom  of  the  valley. 

The  dip  of  the  strata  here  must  cause  the  coal  to  plunge  beneath  the 
valley,  and,  if  there  are  no  faults  or  fissures,  to  pass  under  Weber  River, 
at  a  vertical  depth  of  between  300  and  400  feet.  It  is  therefore  possible, 
as  suggested  by  Mr.  Emmons,  that  there  may  be  much  trouble  with 
water  in  working  this  bed  far  beneath  the  surface  here,  unless  the 
heavy  bed  of  impervious  clays  (division  7)  may  prevent  water  from  this 
source  from  percolating  down  to  the  coal-bed. 

The  other  mines,  two  to  two  and  a  half  miles  farther  northeastward, 
on  the  same  bed,  and  at  considerable  higher  elevations,  will  probably 
be  less  troubled  with  water.  Indeed,  there  is  little  reason  for  doubting 
that  slightly  inclined  tunnels  might  be  started,  at  much  lower  horizons 
on  this  bed,  between  the  mines  now  worked  there  and  Coalville,  and 
extended  in  a  northwesterly  direction,  so  as  to  drain  themselves  and  all 
the  mines  on  this  bed  above. 

Of  the  mines  over  on  Grass  Creek,  some  four  or  five  m\l^^  \iQt\[Xvft»j^ 
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ward  of  Coalville^  we  only  visited  one,  owned,  I  believe,  by  Mr.  Joseph 
Yoang,  one  of  Bngham  Yoang's  sons.  This  mine  is  situated  in  the  bot- 
tom of  Grass  Greek  valley,  or  canon ;  and  as  it  seems  to  be  exactly  on  the 
line  of  strike  of  the  other  mines  between  it  and  Goalville,  and  does  not 
differ  very  materially  in  strike,  dip,  and  thickness,  there  can  scarcely  be 
any  doubt  that  it  is  in  the  same  bed  of  coal.  This  view  is  also  supported 
by  the  fact  that  the  coal  is  immediately  overlaid  by  a  sandstone  like 
that  seen  over  the  mines  between  here  and  Coalville,  and  at  Goalville  f 
while  we  saw  in  this  sandstone  apparently  the  same  oyster  observed 
in  that  forming  the  roof  of  Spriggs's  mine  at  Coalville. 

The  mines  in  the  higher  part  of  the  series,  although  in  thinner  beds 
than  the  main  one  far  below,  must  be  of  considerable  value.  That 
owned  by  Mr.  Carleton,  on  the  west  side  of  Weber  Eiver,  in  division  17 
of  the  section,  afifords  a  good  quality  of  coal.  The  thickness  of  the  bed 
is  about  3  feet  4  inches,  with  one  foot  of  black  shale  and  impure  coal 
above  it,  and  over  this  1  foot  and  2  inches  of  coal.  Where  the  shale  is 
firm  enough  not  to  require  much  timbering  to  hold  it  up,  it  can  probably 
be  left  as  a  roof  to  the  mine;  but  where  the  shale  is  thin  and  friable, 
the  whole  thickness,  including  the  upper  1  foot  seam  of  coal,  up  to  the 
sandstone,  will  have  to  be  taken  out.  Indeed  it  is  possible  that  the  shaly 
parting  between  the  two  may  become,  at  places,  sufficiently  carbonaceous 
to  serve  for  the  supply  of  fuel  for  machinery  at  the  mine,  and  in  that  case 
it  would  bo  the  best  economy  to  work  the  whole  thickness.  The  ridge  at 
this  mine  extends  apparently  without  break  for  two  miles  or  more,  and 
it  seems  probable  that  the  coal  is  equally  accessible  throughout  the 
whole  extent. 

Bear  River, — On  Sulphur  Creek,  near  Bear  Eiver,  in  Western  Wyoming, 
there  are  to  be  seen  some  very  interesting  exposures  of  Cretaceous  rocka^ 
including  valuable  beds  of  coal.  These  exposures  are  directly  on  the 
Union  Pacific  Eailroad,  and  evidently  belong  to  the  same  horizon  as 
the  coal  series  at  Coalville,  Utah. 

As  long  back  as  18G0  the  strata,  including  the  coal  here,  were  referred 
to  the  Cretaceous  by  the  writer  and  Mr.  Henry  Engelmanu,  in  a  paper  on 
Colonel  Simi)son's  collections.*  They  were  also  referred  to  the  same 
age  by  Mr.  King,  Mr.  Emmons,  Dr.  Hajden,  and  myself  in  1870.t  There 
is,  however,  also  here,  associated  with  the  above-mentioned  bedef,  another 
quite  distinct  formation,  containing  an  entirely  different  group  of  fossils, 
consisting  of  a  mingling  of  both  fresh  and  brackish  water  types,  which 
I  have  always  considered  most  probably  of  lower  Eocene  age. 

While  on  an  excursion  to  Wyoming  and  Utah  during  the  past  sum- 
mer, accompanied  by  Dr.  Bannister,  we  availed  ourselves  of  the  oppor- 
tunity to  stop  at  the  Bear  Eiver  locality  to  examine  the  rocks  and  collect 
fossils,  and  from  our  notes,  observations,  and  collections,  I  have  prepared 
the  accompanying  section  of  the  strata  exposed  there.  Most  of  these 
beds,  it  will  be  seen,  are  thrown  up  into  a  nearly  vertical  posture,  with 
an  approximate  north  and  south  strike ;  and  the  section,  which  is  a  little 
more  tban  one 'mile  in  length,  crosses  the  strike  at  right  angles  from 
east  to  west.  Commencing  at  the  right  hand,  or  eastern  end  of  this 
section,  and  going  westward,  we  meet  with  the  following  strata: 

•Proceed.  Acad.  Nat.  Sci..  Pbilad.,  Apr.,  1830,  p.  130. 
tMr.  Kiug's  aud  Dr.  Ilaydcii's  Reports  for  Ib/O. 
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^o.  1. — Black  ftbale,  only  Been  iq  bottom  of  Snl- 
.  phur  Creek,  thickness  unknown. 

No.  2.— Slope  apparently   occupietl  by  clays, 

thickness  perhaps  100  feet  or  more 100    0 

No.  3. — Soft  light  grayish   sandstone,  nearly 

vertical 90    0 

No.  i. — Covered  space,  probably  occupied  by 
clays,  bat  sboviug  some  sandstone  that 
mayormay  not  be  ill  place;  perhaps  room 
euongh  for  250  to  300  tfeet 300    0. 

No.  5. — Two  or  three  rather  heavy  beds  of  light 
yellowish  gray  sandstone,  separated  by 
clays,  probalily  occupying  some  of  the  space 
iDclude<l  in  division  4.  Near  the  lower  part 
two  layers  15  to  18  inches  each,  of  sand- 
stODO,  coDtaiiiiiig  Ootrea  solenuicus,  T}-ap- 
ezium  micronttna,  &c.  Altogether  W)  to  100 
or  more 100    0 

No.  6. — Greenish  and  bluish  gray  saudy  clays, 

with  some  dark  shale  at  places 100    0 

No.  7. — Bed  of  good  coal,  said  to  be  7}  feet  iu 

thickness 7     6 

No.  8. — Heavy  massive  be<l  of  light  colored 
8and8tone,about  90  feet  in  thickness,  stand- 
ing nearly  vertical,  with  some  3  to  5  feet 
of  sandy  clay  between  it  and  the  coal  of 
division  7 95    0 

No.  9. — Gray  sandy  shales  with  aiteruatious  of 

sandstone  and  clays 255    0 

No  10. — Light  gray  sandstone 20    0 

No  11. — Slope  and  unexjKised  space,  perhaps 
200  yards  or  uiore  across. 

J«o  12. — Light  gray  sandstones  and  clays,  in- 
cluding a  bed  of  good  coal,  sitid  to  be  7J 
feet  in  thickness ;  all  dipping  south-sontb- 
east  550  below  horizon ;  and  the  sandstone 
above  the  coal  containing  many  casts,  Jhoc- 
eramus  probleviaticus,  with  a  few  casts  of 
Cardium  and  umleteraiiueduuivulves;  al- 
together showing  about .''. 150    0 

No  13. — A  valley  or  depi-ession  showing  uo 
rocks,  perhaps  150  yards  across. 

No.  14. — Ferruginous  saudstoue  in  thin  hiyers, 
dipping  north-west  about  80°  below  hori- 
zon      40    0 

No.  15. — Bluish  laminated  clays  with,  at  to|>, 
(left  or  west  side,)  a  two-foot  lay^r  of  sand- 
stone, containing  fragments  of  sheila  not 

seen  in  a  condition  to  be  determined 125    0 

'  No.  16. — Clays  and  sandstone  below,  (20  feet;) 
gray  and  brown  pebbly  saudstoue  above, 
(25  feet) ^5    ^ 
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No.  17. — Brownish  and  bluish  days,  with  some  beds  of  white, 

greenish,  and  brownish  sandstones 115    0 

No.  18. — Hard  gray  conglomerate,  standing  nearly  vertical,  and 

forming  crest  of  hill  about  350  feet  high 40    0 

No.  19. — Slope  showing  above  some  masses  of  conglomerate,  like 
that  of  division  18,  perhaps  not  in  place,  with,  at  places  below 
this,  some  reddish  clays ;  altogether  space  enough  for  500  to 
600  feet  in  thickness 600    0 

No.  20. — Greenish- white  sandstone 40    0 

No.  21. — Brownish  clays  and  sandy  layers 60    0 

No.  22. — Brownish  clays  and  beds  of  sandstone,  the  latter  light 

gray  below 110    0 

No.  23. — Whitish  sandstone— forms  crest  of  hill  about  220  to  240 

feet  in  height 40    0 

No.  24. — Conglomerate  and  some  red  clays 20    0 

No.  25. — Brownish  and  reddish  clays  with  a  few  distantly  sepa- 
rated thin  beds  and  layers  of  gray  sandstone,  altogether  750 
to  800  feet  in  thickness 800    0 

No.  26. — Gray  sandstone  in  place,  apparently  connected  with 
some  masses  (that  may  not  be  in  place)  so  as  to  include  space 
enough  for  60  to  80  feet — forms  crest  of  a  hill 80    0 

No.  27.  A  long  space  of  perhaps  260  yards  or  more,  with  only 
a  few  low  exposures  of  light-gray  sandstone,  showing  a 
slight  westward  dip. 

No.  28.  Numerous  thin  seams  and  layers  of  dark  carbonaceous 
shales,  with  harder  thin  bands  of  varions  colored  argillace- 
ous, arenaceous,  and  calcareous  matter,  including  a  few  verv 
thin  streaks  of  qobI  ;  the  whole  being  highly  charged  witii 
vast  numbers  of  fresh  and  brackish-water  shells,  such  as 
species  of  Unio^  Corhiculaj  Corhula^  Pyrgulifera^  Viviparus^ 
Melampus^  &c.  Dip  nearly  east,  about  75^  below  the  hori- 
zon ;  thickness  175  to  200  feet  exposed 200    0 

This  section  has  been  constructed  rather  with  the  view  of  giving  a 
general  idea  of  the  upheaved  and  confused  condition  of  the  strata,  and 
(so  far  as  can  be  done)  of  the  relations  of  the  undoubted  Cretaceous 
beds  containing  workable  beds  of  coal  here,  to  the  fresh  and  brackish- 
water  formation  at  its  westeru  end,  than  as  an  illustration  of  minute 
details.  The  elevations,  as  well  as  the  horizontal  distances  between 
exposures,  are  only  given  from  estimates  carefully  made  at  the  locality; 
while  the  thickness  of  the  subordinate  beds  can  scarcely  be  regarded 
as  more  than  approximately  correct,  as  they  are  not  all  suflBciently  well 
exposed  direc^y  along  the  line  of  the  section,  to  show  their  exact  limits, 
and  our  examinations  were  not  extended  very  far  laterally.  It  is  be- 
lieved, however,  that  the  section  will  be  found  sufficiently  accurate  to 
serve  the  purpose  for  which  it  is  given. 

That  the  strata  in  which  the  workable  beds  of  coal  occur  here  (divis- 
ions 1  to  12,  inclusive)  belong  to  the  Cretaceous,  has,  as  already  ex- 
plained, been  well  known  for  some  years  past.  It  is  also  evident  that 
this  formation  belongs  to  the  same  series  as  the  Coalville  coals.  The 
evidence  of  this  is  not  only  the  general  correspondence  of  the  litholog- 
ical  characters  of  the  rocks  at  these  localities,  but  the  presence  here  of 
some  of  the  same  si)ecics  of  fossils  found  associated  with  the  coal  beds 
at  Coulville.  Three  of  these  fossils,  Ostrea  soleniscus^  Trapezium  micro- 
nema^  and  Inoceramu.s  prohlcmaticus,  are  also  peculiar  forms  that  can  be 
iden tided  with  the  fullest  confidence. 
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All  of  that  poTtioD  of  the  well-marked  Cretaceous  series  here  forming 
divisioos  1  to  10,  iDclasive,  along  with  an  important  bed  of  coal,  it  wiU 
be  seen,  stands  in  very  nearly  a  vertical  posture.  On  going  a  little  far- 
ther westward,  however,  across  a  lower  space,  showing  no  rocks,  we 
come  to  another  Gretaceoas  exposore,  (division  12  of  the  section,)  con- 
sisting of  thin  layers  of  light  colored  sandstone,  including  a  workable 
bed  of  coal,  all  dipping  at  an  angle  55^  below  the  horizon,  in  a  nearly 
south-southeast  direction.  In  this  sandstone,  above  the  coal,  numerous 
casts  of  Inoceramus  problematUmSy  and  a  few  other  Cretaceous  fossils 
occur. 

That  the  bed  of  coal  found  in  this  last  mentioned  outcrop,  although 
said  to  agree  with  the  bed  7  in  thickness  and  other  characters,  is  reaUy 
not  a  part  of  the  latter  thrown  over  from  above,  or  flexed  and  thrust  up 
from  beneath,  is  almost  beyond  doubt ;  because  the  rocks  in  which  it  is 
included  do  not  agree  lithologically  with  those  immediately  associated 
with  the  bed  7,  while  none  of  the  fossils  fiUing  the  sandstone  of  division 
12  were  seen  in  any  of  the  rocks  directly  associated  with  the  coal  7. 

It  therefore  appears  to  be  quite  evident  that  there  are  at  least  two 
distinct  beds  of  coal  in  the  Cretaceous  rocks  here.  Exactly  how  the 
beds  forming  division  12,  with  their  included  coal,  connect  with  the 
other  Cretaceous  strata,  included  in  the  divisions  1  to  10,  we  cannot 
very  clearly  explain.  The  probability  is,  however,  that  they,  and  possibly 
other  associated  strata  hidden  under  the  soil,  were  originally  tilted  with 
the  other  Cretaceous  beds,  (1  to  10,)  to  a  vertical  posture  at  the  time  of 
the  upheaval,  and  then  fell  over  to  the  present  inclined  condition.  We 
observed  no  evidence  whatever  that  they  correspond' to  any  part  of  the 
series  included  in  the  same  section  farther  west. 

If  only  the  strata  already  mentioned  (1  to  12  inclusive)  at  this 
locality  are  Cretaceous  there  would  then  be,  exclusive  of  other  beds 
that  may  be  hidden  in  the  spaces  11  and  13,  about  1,213  feet  of  rocks 
seen  here  that  are  certainly  of  Cretaceous  age. 

West  of  the  out-crop  of  division  12,  we  have  first  another  lower 
space  of  probably  about  450  feet,  in  which  no  exposures  of  rock  in  place 
were  seen.  Then  we  come  suddenly  to  a  great  series  of  sandstones, 
clays,  conglomerates,  &c.,  more  than  2,000  feet  in  thickness,  (forming 
divisions  14  to  2G,  inclusive  of  the  section,)  all  standing  in  a  vertical 
posture,  excepting  the  beds  from  14  to  about  the  18th,  all  of  which  lean 
slightly  to  the  eastward  of  an  exact  perpendicular.  Whether  or  not  all 
of  this  great  series,  from  division  14  to  26,  should  also  be  included  in 
the  Cretaceous  along  with  those  forming  the  eastern  portions  of  the 
section,  we  were  unable  to  determine,  because  we  saw  no  organic  re- 
mains in  any  of  these  beds,  excepting  a  few  undeterminable  fragments 
of  shells  in  the  upper  layer  of  division  15.  The  fact,  however,  that 
these  strata  stand  so  very  nearly  conformable  to  the  well-marked  Cre- 
taceous beds,  from  1  to  10,  would  rather  favor  the  conclusion,  that  they 
belong  to  the  same  system  of  rocks,  though  it  would  not  necessarily 
demonstrate  that  this  is  the  case. 

West  of  division  26,  we  come  to  a  space  of  about  260  yards  or  more,  in 
which  no  rocks  were  observed  in  place,  excepting  a  few  low  out-crops  of 
light  grayish  sandstone,  but  little  aoove  the  base  line  of  the  section. 
These  are  almost  horizonUil,  or  show  only  a  slight  inclination  below  the 
horizon  toward  the  west;  being  thus  strikingly  unconformable  to  all  of 
the  other  strata  of  the  section.  We  saw  no  fossils  in  these  beds,  but 
they  are  almost  certainly  Tertiary. 

Immediately  on  the  west  of  the  last-mentioned  outcrops,  and  nearly 
in  contact  with  one  of  them,  there  is  exposed,  in  a  cut  mavi^  ioY  MXi^^^JSA- 
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age  of  the  railroad,  one  of  the  most  interesting  series  of  beds  (division 
28)  anywhere  to  be  seen  on  the  whole  line  of  the  Union  Pacific  Bail- 
road.*  This  cut  is  about  150  to  200  yards  in  length,  and  passes  through 
the  strata  nearly  at  right  angles  to  their  strike.  The  beds  thus  exposed 
consist  of  numerous  thin  seams  of  dark  and  light  grayish  colors  alternat- 
ing, so  as  to  present  a  banded  or  striped  appearance,  the  darker  bands 
being  more  or  less  Carbonaceous,  or  even  in  some  cases  containing  thin 
streaks  of  coal ;  while  the  lighter  layers  are  more  arenaceous,  calcareous, 
or  argillaceous.  All  of  these  beds  and  seams  are  tilted  up  so  as  to  dip 
nearly  eastward  at  an  angle  of  about  75^  Ijelow  the  horizon,  being  thus 
not  exactly  conformable  to  any  of  the  other  divisions  of  the  section, 
though  apparently  upheaved  at  the  same  time.  They  contain  immense 
numbers  of  fossil  shells,  belonging  to  a  few  species  of  fresh  and  brackish 
water  types,  some  of  which  are  closely  allied  to  European  Lower  Eocene 
species. 

Toward  the  western  extremity  of  this  cut  the  upper  ends  of  the  strata 
are  suddenly  flexed  westward,  as  if  they  had  been  struck,  after  their  up- 
heaval, by  an  iceberg,  or  some  other  tremendous  force,  coming  from  the 
east.  There  is  no  evidence,  however,  that  this  flexure  was  produced  by 
any  agency  of  this  kind :  on  the  contrary,  it  is  almost  certainly  a  mere 
fragment,  as  it  were,  of  one  of  the  folds  of  the  strata,  caused  by  the  powerful 
forces  to  which  they  have  been  subjected,  by  the  combined  action  of 
upheavals  and  lateral  pressure. 

This  division  of  the  section,  I  have  always  referred  provisionally  to 
the  Lower  Eocene,  though  I  have,  at  the  same  time,  intimated  that  it 
may  yet  be  found  to  belong  more  properly  to  the  Upper  Cretaceous.  I 
will  return  to  this  subject  again,  however,  in  another  place,  further  on, 
when  speaking  of  Tertiary  collections. 

In  regard  to  the  coal  beds  7  and  12,  in  the  Cretaceous  formation  here 
at  Bear  Eiver,  I  should  think  that  there  can  scarcely  be  any  reasonable 
doubt  that  they  will  be  of  considerable  value.  The  mines  had,  however, 
apparently  been  worked  but  little,  and  as  nothing  had  been  done  in 
them  for  some  time  before  our  visit,  the  entrances  were  partly  filled  by 
the  falling  of  the  adjacent  rocks  and  shale,  so  that  we  could  not  exam- 
ine them  very  carefully.  We  were  informed  by  Mr.  Thorpe,  however, 
the  owner  of  the  property,  that  each  of  the  beds  seen  there  is  7  J  feet  in 
thickness,  and  that  the  coal  is  of  excellent  quality.  It  is  doubtless  simi- 
lar to  that  mined  in  the  same  formation  at  Coalville.  Tlie  mines  are 
exceedingly  convenient  to  the  railroad,  which  passes  along  so  close  to 
that  in  the  bed  7,  that  the  miners'  carts  can  run  out  upon  a  platform  at 
the  entrance  of  the  mine  and  tip  directly  into  coal-cars  on  the  railroad; 
while  the  opening  into  the  other  bed,  12,  is  only  about  100  to  150  yards 
from  the  road. 

Below  Qallatin  City. — The  fossils  from  near  the  Missouri  Eiver,  below 
Gallatin  City,  Montana,  belong  clearly  and  beyond  doubt  to  the  Cre- 
taceous, and  about  to  the  horizon  of  the  Fort  Benton  group  or  subdi- 
vision of  the  Upper  Missouri  Cretaceous  series.  A  few  of  the  bivalves 
appear  to  belong  to  the  fresh  or  brackish  water  type,  Yeloritina^ 
but  all  of  the  others  are  marine  forms.  It  is  an  interesting  fact  that  a 
Trigonia^  in  this  collection,  is  so  near  T.  Evaim  from  the  Cretaceous 
beds  of  Vancouver's  Islanii,  that  no  reliable  differences  can  be  seen 
from  the  imperfect  specimens  found.    So  far  as  I  have  been  able  to  de- 

•  For  a  very  minutely  detailed  section  of  tliis  cnt,  prepared  by  H.  R.  Dnrkee,  esq., 
one  of  the  engineers  of  the  Union  Pacific  Railroad,  see  Dr.  Hayden's  report  of  1870,  p. 
153.  It  only  illustrates  the  beds  seen  in  the  cut,  however,  without  showing  their  rela- 
tione  to  the  other  beds  seen  in  our  section. 
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termiDe,  none  of  tbe  species  from  this  locality  seem  to  be  certainly 
identical  witb  any  of  tbose  from  any  of  tbe  recognized  subdivisions 
of  the  Upper  Missouri  Cretaceous,  but  some  of  them  occur  at  other 
localities  along  with  the  characteristic  forms  of  the  Benton  group. 

Cinnabar  Mountain. — The  species  from  Cinnabar  Mountain,  Yellow- 
stone Valley,  belong,  almost  certainly,  to  the  same  horizon  as  those  from 
Missouri  Eiver  below  Gallatin,  the  species  of  Trigonia  mentioned  from 
that  locality  being  the  same  found  at  this.  There  can  be  little  doubt  in 
regard  to  these  fossils  belonging  to  the  Fort  Benton  group  of  the  Cre- 
taceous, because  1  recognize  among  them  Scaphites  ventricosus^  one  of 
the  most  characteristic  fossils  of  that  horizon. 

BridgerPeak, — The  few  things  from  east  foot  of  Bridger  Peak,  (four  miles 
from  Fort  Ellis,)  Montana,  are  nearly  all  mere  casts  in  a  bad  state  of  pre- 
servation, but,  so  far  as  I  have  been  able  to  determine,  none  of  the 
species  appear  to  be  identical  with  any  of  those  known  from  the  recog- 
nized subdivisions  of  the  Upper  Missouri  Cretaceous ;  though,  from  their 
general  facies,  there  is  still  little  room  to  doubt  that  they  belong  to  the 
Cretaceous  system.    They  are  certainly  not  Tertiary. 

Colorado  Springs. — A  small  collection  from  Colorado  Springs,  Colorado, 
evidently  belong  to  the  horizon  of  the  Fort  Pierre  group  of  the  Upper 
Missouri  Cretaceous  series. 

BocJc  Creel'. — The  Collections  found  by  Professor  Lesquereux  on  Rock 
Creek  are  all  Cretaceous  forms  from  the  horizon  of  the  Niobrara  division 
of  the  Upper  Missouri. 

Fort  HarJcer. — ^Those  collected  by  him  from  near  Fort  Barker  are  also 
Cretaceous,  and  from  the  horizon  of  the  Fort  Benton  group. 

Bitter  Creek  series. — Along  Bitter  Creek,  (a  small  tributary  of  Green 
River,  in  Wyoming,)  from  Black  Butte  northwestward  to  Salt  Wells 
Station  on  the  Union  Pacific  Railroad,  and  at  Rock  Spring  and  some 
other  points  west  of  Salt  Wells,  there  is  an  extensive  series  of  rocks,  in 
regard  to  the  age  of  which  somewhat  diflerent  opinions  are  entertained. 
For  a  detailed  description  and  sections  of  this  formation  the  reader  is 
referred  to  Dr.  Bannister's  report,  forming  a  following  section  of  this 
volume,  my  object  here  being  merely  to  say  a  few  words  mainly  respect- 
ing the  age  of  this  group.  In  general  terms  it  may  be  briefly  described 
as  a  vast  succession  of  rather  soft,  light-yellowish,  lead-gray,  and  whit- 
ish sandstones,  with  seams  and  beds  of  various  colored  clays,  shale, 
and  good  coal,  the  whole  attaining  an  aggregate  thickness  of  more  than 
4,000  feet. 

The  invertebrate  fossils  hitherto  found  at  different  horizons  in  this 
series  present  a  mingling  of  fresh,  brackish,  and  salt-water  types,  such 
as  Goniobasis^  ViviparuSj  Corhicula^  Corhxda^  Ostrea,  Anoniia,  and  Modiola. 
All  of  these  genera  are  found  represented,  either  directly  in  the  same  bed, 
or  very  nearly  so,  near  the  very  top  of  the  series  at  Black  Butte  Station,  in 
Division  E  of  Dr.  Bannisters  section.  At  Ilallville,  three  miles  farther 
west,  and  1,600  to  1,800  feet  lower  in  the  series,  in  Division  K  of  the 
same  section,  a  Corbicula,  and  another  form  like  a  Corhula^  both  scarcely, 
if  at  all,  distinguishable  from  species  found  in  the  higher  beds  at  Black 
Butte,  occur  in  a  black  slate  over  a  bed  of  coal.  Near  the  same  hori- 
zon, at  Point  of  Rocks,  seven  or  eight  miles  farther  down  Bitter  Creek, 
great  numbers  of  a  fine  large  oyster  also  occur,  above  the  fourth  (or 
still  higher  bed)  of  a  series  of  beds  of  coal,  seen  in  the  face  of  a  nearly 
X)erpendicnlar  precipice,  about  300  feet  above  the  bottom  of  the  valley 
on  the  north  side.  Three  or  four  miles  west  of  this,  and  at  a  horizon 
probably  600  feet  lower,  in  Division  M,  of  Dr.  Bannister's  section,  there 
IS  a  be4  15  to  18  inches  in  thickness,  almost  entirely  compo^dol  tql^- 
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lions  of  shells  of  Anamia  and  Ostreaj  togefher  with  a  few  of  Cbrfruloy  Gor- 
JriculOy  Modiola^  and  CHmiobaHB^  all  apparently  of  different  species  from  (bat 
some  of  them  very  closely  allied  to)  those  fonnd  higher  in  the  series. 
Again,  at  Bock  Spring  perhaps  twelve  miles  fieuiher  westward,  and 
not  far  below  the  honzon  of  the  last-mentioped  localities,  we  n>w:id 
nnmerons  specimens  of  (krhulaj  (Mreay  Corftioula,  ModioUiy  and  Oofitobo- 
n9,  all  associated  in  the  same  bed,  the  species  being  again  distinct,  except- 
ing probably  the  Oorhicula  and  (h^eoy  from  those  found  at  any  of  the 
other  localities,  thongh  the  Oorhula  and  OtmiohoMiB  are  of  the  same  type 
as  those  fonnd  Itt  Black  Bntte. 

At  Black  Bntte  Station,  in  the  bed  containing  most  of  tbe  diells  al- 
read;^  mentioned  as  occnrring  there,  we  fonnd,  along  with  nnmerons 
specimens  of  beantifhl  impressions  of.  leaves  of  dicotyledonoos  trees, 
some  large  bones  of  a  huge  reptilian.*  We  also  observed  nearly  all 
through  this  formation  impressions  of  the  leaves  of  the  higher  types  of 
dicotyledonous  trees,  in  some  instances  belonging  to  the  same  genera 
as  those  comi>osing  our  existing  forests  of  the  temperate  zone;  also 
fragments  of  fem-p^m  leaves,  and  the  stems  of  marine  plants.t 

]^m  such  a  group  of  organic  remains,  it  seems  scarcely  to  admit  of 
doubt  that  this  formation  was  deposited  in  a  body  of  water,  which, 
although  salt  enough  to  permit  the  existence  of  some  marine  types,  was 
still  probably  so  tempered  by  the  influx  of  the  streams  that  brought  in 
the  land  and  fresh- water  remains,  as  to  be  at  least  un&vorable  to  the 
extensive  development  of  marine  life.  The  presence  of  numerous  beds 
and  seams  of  coal  also  indicate  that  there  were  alternate  elevations  and 
depressions  of  this  whole  region  during  the  deposition  of  this  formation. 
That  is,  if  we  admit  the  most  generally  accepted  theory  that  such  de- 
posits of  coal  were  formed  by  tiie  g^rowth,  on  the  spot^  of  vegetation  in 
marshes  at,  or  a  little  above,  tiie  sea-level.  Because  we  find  some 
marine  or  brackish  water  types  between  nearly  all  the  coal-beds,  thus 
showing  that  after  the  accumulation  of  the  material  of  each  bed  of  coal, 
it  was  again  covered  by  salt,  or  at  least  strongly  brackish,  water. 

It  is  not  necessary,  however,  to  suppose  that  each  elevation  was  equal 
to  the  preceding  subsidence,  because  the  accumulation  of  sedimentary 
matter  during  the  interval  probably  largely  compensated  for  the  sink- 
ing, so  that  the  elevations  may  have  been  comparatively  very  slight  to 
bring  the  bottom  again  slightly  above  the  sea-level.  At  any  rate,  what- 
ever theory  we  may  adopt  in  regard  to  the  formation  of  such  coals,  it 
appears  exceedingly  improbable  that  the  coal  beds  of  this  region  were 
formed  by  the  drifting  together  of  the  trunks  and  fragments  of  trees 
and  other  vegetation ;  bcK^ause,  although  we  sometimes  see  small  frag- 
ments of  this  coal  showing  woody  structure,  as  we  do  in  those  of  the  old 
Garboniferous  period,  they  are  not  in  any  proper  sense  lignite,  so  far  as 
structure  is  concerned,  but  seem  to  have  been  mainly  formed  by  the 
growth  and  accumulation  of  smaller  kinds  of  vegetation,  and  are  as 
I>ersistent,  compact,  and  homogeneous  as  any  of  the  old  bituminous 
varieties. 

From  near  Salt  Wells  southeastward  to  Black  Butte  Station,  this 

*  On  hearing  of  these  discoveries  from  some  friends  Arom  the  East,  to  whom  I  had 
mentioned  the  same  at  Salt  Lake  City,  Professor  Cope  visited  the  locality  on  his  retnm 
home,  some  time  in  Angust,  1873,  and  dng  out  more  of  the  hones  of  the  reptilian,  which 
he  soon  after  described  in  a  paper  sent  on  to  the  Philosophical  Society,  as  the  type  of  a 
new  genns  of  Dinosanrians,  nnder  the  name  Agai^wmM  aylvestrU,  and  expressed  the 
opinion  that  it  proves  the  rock  to  he  Cretaceous. 

t  All  of  the  remains  of  plants  collected  firom  this  and  other  formations  by  the  Survey, 
2tuve  been  ably  reported  on  by  Professor  Lesqnerenx. 
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formation  shows  a  geotle  eastward  dip,  which  caases  it  to  pass  ander 
another  very  similar  series  of  strata,  to  which  Dr.  Hayden  has  applied 
the  name  Washakie  group.  In  the  latter,  so  far  as  our  present  knowl- 
edge extends,  only  fresh  water  and  land  types  of  fossils  have  yet  been 
foond,  and  we  have  always  regarded  it  as  being  of  Tertiary  age.  Exactly 
where  the  one  ends  and  the  other  begins  we  did  not  see;  though  the 
Bitter  Greek  series  certainly  come  eastward  to  division  E  of  Dr.  Bannis- 
ter's section,  at  Black  Butte,  as  we  found  its  characteristic  moUuscan 
remains  there  in  the  same  bed  containing  the  reptilian  bones. 

Between  Black  Butte  and  Bitter  Greek  Stations  (separated  by  a  dis- 
tance of  only  about  six  miles  by  a  right  line  east  and  west)  we  ob- 
served no  marked  change  of  lithological  characters,  from  the  Bitter 
Greek  series  to  the  Washakie  group,  while  the  two  series  seemed  to  be 
conformable  in  dip.  Although  our  observations  in  this  interval  were 
too  limited  to  warrant  a  positive  opinion  on  that  point,  we  left  Black 
Butte  Station  under  the  impression  that  the  brackish-water  types  of  the 
Bitter  Greek  series  probably  extend  little,  if  any,  higher  in  the  series, 
or  farther  eastward,  than  the  tops  of  the  hills  near  Black  Butte. 

At  Salt  Wells  station,  which  is  situated  in  an  anticlinal,  owing  to  the 
rising  of  the  strata,  as  we  come  westward,  (see  Dr.  Bannister's  section,) 
a  lower  series  of  rocks  comes  up  from  beneath  the  Bitter  Greek  beds. 
This  lower  group  consists  of  thin  layers  of  grayish  and  drab  slabby 
sandstones,  and  shales  witb,  at  places,  some  appearances  of  coal  in  the 
Tipper  part.  It  seems  to  be  conformable  with  the  Bitter  Greek  series, 
and  probably  belongs  to  the  Gretaceous,  though  we  saw  no  fossils  in  it. 
From  exposures  seen  near  Salt  Wells,  there  would  appear  to  be  700  to 
possibly  1,000  feet  of  these  lower  rocks  here,  above  the  valley. 

In  going  westward  from  Salt  Wells  station  we  soon  observe  a  reverse 
of  dip,  and  the  Bitter  Greek  beds  again  appear,  dipping  westward  or 
northwestward.  At,  and  near  Bock  Springs,  extensive  coal-beds  occur 
in  this  formation,  and  here  we  found  associated  with  or  near  one  of  these 
beds  the  fresh,  brackish,  and  salt-water  types  of  shells  already  men- 
tioned. The  dip  of  the  strata  here  is  to  the  northwestward,  at  an  angle 
of  lOo  to  12°  below  the  horizon,  so  that  a  short  distance  farther  west 
the  whole  group  passes  under  a  great  series  of  whitish,  greenish,  and 
at  places  reddish  laminated  clay  of  Tertiary  age,  forming  Dr.  Hayden's 
Green  Eiver  group,  and  rising  into  hills  700  to  800  feet  in  height  above 
the  valley.  The  strata  of  this  latter  group  are  distinctly  unconformable 
to  those  of  the  Bitter  Creek  series,  their  dip  being  only  2°  to  3°  west- 
ward. 

But,  returning  to  the  question  respecting  the  age  of  this  Bitter  Creek 
series,  it  may  be  stated,  in  the  first  place,  that  Mr.  Emmons  evidently 
regarded  it  as  Gretaceous,  as  may  be  seen  from  his  remarks  in  Mr. 
King's  report,  published  in  1870 ;  while  Dr.  Ilayden  favored  the  conclu- 
sion that  it  is  a  marine  Tertiary  group,  or  a  transition  series  between 
the  Tertiary  and  Gretaceous,  in  his  reports  of  that  and  the  following 
years. 

The  only  fossils  I  had  ever  seen  from  this  formation,  previous  to  vis- 
iting the  region  during  the  past  summer,  were  two  species  of  Ostrea 
and  one  of  Anomiu  from  Point  of  Eocks;  and  two  shells,  one,  or  possi- 
bly both,  related  to  Corbicula^  from  Hallville.  Those  from  Point  of 
Bocks  I  referred  to  the  Gretaceous,  placing  them  in  the  Gretaceous  list, 
in  Dr.  Hayden's  report  of  1871.  This  I  did,  mainly  because  there  were 
among  them  no  fresh-water,  or  strictly  brackish-water  types;  while  up 
to  this  time  we  know  of  no  Tertiary  of  exclusively  marine  origin  in  all 
this  internal  region  of  the  continent.    I  was  also,  mp^Tt/\\A\vevi^^^Va. 
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making  this  reference  by  the  similarity  of  one  of  the  oysters  to  a  Cre- 
taceous species  found  in  California,  while  the  Anomia  likewise  closely 
resembled  a  Texas  Cretaceous  shell,  described  by  Eoemer  under  the 
name  of  Ostrea  anomiceformi^y  which  certainly  seems  not  to  be  a  true 
oyster.  The  two  shells  from  Hallville,  however,  I  referred  to  the  Eocene, 
not  only  because  they  are  very  closely  aUied  to  Eocene  brackish-water 
forms  from  the  Paris  Basin,  (peculiar  depressed  and  elongated  forms  of 
Corhicula^  f )  but  because  I  was  not  aware  at  the  time  that  the  Hallville 
mines  occur  in  the  same  formation  as  the  Point  of  Rock  beds,  nor  even 
within  fifty  to  seventy-five  miles  of  the  same  locality.  Hallville  is  not 
laid  down  on  any  map  I  have  even  yet  seen,  and  I  was  entirely  ignorant 
of  its  position,  both  geologically  and  geographically,  with  relation  to 
Point  of  Eocks ;  and  as  the  species  were  new,  I  had  no  other  guide 
than  their  aflSuities,  which  would  certainly  place  them  in  the  Tertiary. 

On  visiting  these  localities,  however,  last  summer,  I  was  somewhat 
surprised  to  find  that  the  Hallville  mines  are  only  some  seven  or  eight 
miles  from  Point  of  Rocks,  and  belong  to  the  same  geological  formation. 
A  careful  examination  also  soon  rendered  it  evident  that  all  of  the  rocks, 
for  1,600  to  1,800  feet  or  more  above  the  Hallville  coal-beds,  up  to  and 
including  the  stratum  in  which  we  found  the  large  reptilian  remains  at 
Black  Butte,  and  for  even  a  little  greater  thickness  below  the  Hallvillie 
horizon,  certainly  belong  to  the  same  group  or  series  of  strata;  and  that 
fresh  and  brackish-water  types  of  fossils  occur  along  with  salt-water 
forms,  at  all  horizons,  wherever  we  found  any  organic  remains  through- 
out this  whole  series. 

As  we  discovered  in  these  rocks  between  three  and  four  times  as 
many  species  of  fossils  as  had  been  previously  known  from  the  same,  it 
becomes  a  matter  of  some  interest  to  consider  the  whole  with  regard  to 
their  bearing  on  the  question  as  to  the  age  of  the  group.  The  reptilian 
remains  found  at  Black  Butte,  near  the  top  of  the  series,  have,  as  else- 
where stated,  been  investigated  by  Professor  Cope,  and  by  him  pro- 
nounced to  be  decidedly  Dinosaurian  and,  therefore,  indicative  of  Cre- 
taceous age;  on  the  other  hand,  the  fossil  plants  from  the  same  beds 
have  been  studied  by  Professor  Lesquereux,  who  informs  me  that  they 
are  unquestionable  Tertiary  types.  My  own  investigations  having  been 
confined  to  the  invertebrates,  it  is  of  these  chiefly  that  I  will  speak  here. 
In  the  first  place,  it  will  be  seen  that  all  of  these  yet  known  belong  to  a 
few  genera  of  mollusks,  represented  by  some  twelve  or  fourteen  species. 
And  just  here  it  may  be  stated  that,  although  partly  committed  in  favor 
of  the  opinion  that  this  formation  belongs  to  the  Cretaceous,  and  still 
provisionally  viewing  it  as  most  probably  such,  I  do  not  wish  to  dis- 
guise or  conceal  the  fact  that  the  evidence  favoring  this  conclusion  to 
be  derived  from  the  mollusks  alone,  as  now  known,  is  by  no  means  strong 
or  convincing.  The  genera  are  probably  all  common,  both  to  the  Cre- 
taceous and  Tertiary,  as  well  as  to  the  present  epoch,  unless  Leptesthes 
and  Yehritina,  which  have  been  separated  subgenerically  from  CorhiculUj 
may  be  distinct  genera^  the  European  representatives  of  these  being 
mainly,  if  not  entirely.  Tertiary  forms,  while  they  do  not  appear  to  in- 
clude living  species.  Goniobasis  is  also  not  known  in  either  Cretaceous 
or  Tertiary  rocks  of  the  Old  World ;  but  then  it  is  an  American  type, 
greatly  developed  among  our  existing  mollusca,  as  well  as  in  the  far 
western  Tertiary  rocks,  and  we  can  scarcely  doubt  that  it  will  be  found 
in  unquestionable  Cretaceous  beds  there,  even  if  some  of  the  imperfect 
specimens  already  known  from  the  same  are  not  such.  It  should  be 
remembered,  however,  that  even  the  specimens  I  have  referred  to  this 
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genus  from  the  Bitter  Creek  beds  are  not  iu  a  condition  to  show'  the 
aperture,  beyond  doubt,  to  possess  the  characters  of  Ooniobasis. 

The  entire  absence  among  the  fossils  yet  known  from  this  formation 
of  Baculites^  ScaphiteSj  AncyloceraSj  FtychoceraSj  Ammonites^  Oyrodes^ 
Anchuraj  Inoceramus,  and  all  of  the  other  long  list  of  genera  character- 
istic of  the  Cretaceous,  or  in  part  also  extending  into  older  rocks,  cer- 
tainly leaves  its  moUuscan  fauna  with  a  strong  Tertiary  facies.  Nor 
can  we  quite  satisfactorily  explain  this  away  on  the  ground  that  the 
water  in  which  this  series  of  rocks  was  deposited  partook  too  much 
of  the  character  of  that  of  an  estuary,  to  have  permitted  the  existenC'e 
of  any  of  these  marine  genera,  because  we  do  find  in  it  the  genus  Ostrea^ 
Anomiay  and  ModiolUj  which  probably  required  water  salt  enough  to 
have  permitted  the  existence  of  Inoceramus^  Anchuraj  and  Oyrodes,  if 
not  of  some  or  all  of  the  genera  mentioned  above.  Indeed,  at  Coalville, 
we  find  Inoceramus  associated  with  some  brackish- water  types,  and  the 
additional  Cretaceous  genera,  Cyprimera^  Anchuta,  Qyrodes^  &c.,  in 
closely-associated  beds. 

When  we  come  to  consider  the  invertebrate  fossils  yet  known  from 
this  formation,  in  their  specific  relations,  we  find  all,  with  possibly  two 
or  three  exceptions,  new  to  science  and  different  from  those  yet  found 
either  at  Bear  Kiver,  Coalville,  or  indeed  elsewhere  in  any  established 
hoiizon ;  so  that  we  can  scarcely  more  than  conjecture  from  their 
specific  affinities  to  known  forms  as  to  the  probable  age  of  the  rocks  in 
which  we  find  them.  Considered  in  this  respect  their  evidence,  how- 
ever, is  conflicting.  Two  of  the  species  of  Corbulay  for  instance,  (C7. 
tropidophora  and  C  undifera^)  are  most  similar  to  species  found  in  the 
brackish -water  beds,  at  the  mouth  of  Judith  River  on  the  Upper  Missouri, 
that  we  have  always  considered  Lower  Tertiary ;  though  there  are  some 
reason  for  suspecting  that  they  may  be  Upper  Cretaceous.  A  Corhiculaj 
both  from  the  Black  Butte  and  Point  of  Rocks  localities,  is  even  so  very 
nearly  like  C  cytheriformis  from  the  Judith  River  beds,  that  I  have 
referred  it  doubtfully  to  that  species. 

Agaiu,  the  species  Anomia  gryplwrhynchuSj  found  so  abundantly  at 
Point  of  Rocks,  in  the  same  bed  with  the  above-mentioned  Corhicula 
and  Corbula  tropidapJiora,  so  closely  resembles  a  Texas  Cretaceous  shell 
described  by  Roemer  under  the  name  Ostrea  anomiafarmisj  that  I  am 
strongly  inclined  to  suspect  they  may  be  the  same ;  though  whether 
identical  or  not,  at  least  our  shell  is  certainly  not  an  oyster,  as  it  has  its 
muscular  and  cartilage  scars  precisely  as  in  Anomiay  while  its  beak  is 
never  marginal,  and  it  has  no  ligament  area.  In  all  of  these,  (and 
indeed  in  all  other  characters,)  the  Texas  shell,  as  illustrated  by  Roemer, 
seems  to  agree  precisely  with  ours,  excepting  that  he  represents  it  as 
having  only  one  central  muscular  scar,  instead  of  three.  In  many  of 
our  specimens,  however,  the  two  smaller  of  these  scars  are  very  obscure, 
and  might  be  easily  overlooked.  It  is  true  he  figures  a  nearly  flat 
valve  without  any  byssal  perforation,  and  a  convex  one,  as  opposite 
valves;  and,  if  they  are  such,  the  shell  would  certainly  not  be  an 
Anomia.  Among  a  large  collection  of  our  shells,  including  thousands 
of  specimens,  however,  I  have  not  yet  seen  a  single  perforated  valve, 
though  they  vary  much  in  convexity,  some  of  the  valves  being  nearly 
as  depressed  as  the  one  Roemer  figures  as  the  upper  valve,  supposing 
it  to  be  an  oyster.  If  these  depressed  specimens  in  our  collection  are 
opposite  valves  to  the  convex  ones,  then  the  shell  would  neither  be  an 
Ostrea  nor  an  Anomia,  but  would  almost  certainly  fall  into  Morris  and 
Lycett's  genus  FlacunopsiSj  which,  so  far  as  known  in  Europe,  is  a 
Jurassic  group.    Consequently,  if  our  shell  should  fall  in^Ai  \Xv^\»  ^^ewas^ 
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it  would,  when  viewed  in  connection  with  its  assooiateB,  and  all  the 
other  known  f acts,  famish  a  strong  argament  in  &vor  of  the  formation 
being  at  least  as  old  as  the  Oretaoeons.  There  are  good  reasonSi  how- 
ever, for  believing  these  depressed  8peGimen&  as  well  as  the  convex 
ones,  are  all  npper  valves  of  the  same  shell,  only  modified  in  convexity 
by  accidental  drcnmstances  of  station,  as  their  dight  obliquity  as  seen, 
for  instance,  in  a  look  at  the  interior  of  both,  is  found  to  be  in  the  same 
direction,  instead  of  the  reverse,  as  would  be  the  case  if  they  were  oppo- 
site valves  of  the  same  shell ;  while  among  thousands  of  specimens  no 
example  of  a  depressed  and  a  convex  valve  united  has  been  seen,  nor 
have  any  been  found  that  would  come  near  fitting  together. 

On  the  other  hand,  the  Oorbiculas  are  decidedly.  Tertiary  in  their 
specific  affinities,  as  well  as  in  their  subgeneric;  O./rooto,  for  instance, 
and  0.  croMatmiformiSy  firom  the  Hallville  mines,  being  vei^  closely 
allied  to  Paris  Basin  Tertiary  forms,  the  first-mentioned  species  being 
the  type  of  a  sub-genus,  so  &r  as  known,  peculiar  to  the  Tertiary  else- 
where. The  same  may  also  be  said  of  0.  egthieriformiB^  which  also  seems 
to  belong  to  a  group  ( YdwiHna)  peculiar  to  the  Tertiary  in*  Europe. 

Bat  the  most  snrpnsing  &ct  to  me,  supposing  this  to  be  a  Cretaceous 
formation,  is,  that  we  found  directly  associated  with  the  reptilian  remains 
at  Black  Butte,  a  shell  I  cannot  distinguish  firom  YiviMTfu  iroekifarmiSj 
originally  described  from  the  Lignitic  fbrmation  at  Fort  Clark,  on  the 
Upper  Missouri,  a  formation  that  has  always  been  regarded  as  Tertiary 
l]ty  all  who  have  studied  its  fossils,  both  animal  and  vegetable.  The 
specimen  mentioned  does  not  show  the  aperture,  nor  all  of  the  body 
ydution ;  but,  as  fisur  as  can  be  seen,  it  agrees  so  exactiy  with  that  very 
I>ecaliar  species  in  siise,  the  form  and  proportions  of  its  volutions,  the 
slopes  of  its  spires,  its  surfieu^  markings,  the  nature  of  its  suture,  and, 
in  fBLcty  in  every  respect  so  far  as  can  bo  seen,  that  I  have  scarcely  any 
doubt  of  its  identity  with  the  same. 

The  occurreDce  of  this  last-mentioned  species  here,  along  with  a  Cre- 
taceous type  of  reptiliaa.  and  a  Carbicula  apparently  ideotical  with  C 
cytheriformis  of  the  Juditn  Biver  brackish- water  beds,  together  with  the 
presence  of  Corbulas  very  closely  allied  to  Judith  Biver  species,  at  lower 
horizons  in  this  series,  and  the  occurrence  of  some  vertebrates  of  Cre- 
taceoas  affinities  at  the  Judith  Biver  localities,  would  certainly  strongly 
favor  the  coDclusioD,  not  only  that  this  Judith  formation,  the  age  of 
which  has  so  loDg  been  in  doubt,  is  also  Cretaceous ;  but  that  even  the 
higher  fresh-water  lignite  formation  at  Fort  Clark  and  other  Upper 
Missouri  localities  may  also  be  Upper  Cretaceous  instead  of  Lower  Ter- 
tiary. 

That  the  Judith  Biver  beds  may  be  Cretaceous,  I  am,  in  the  light  of 
all  now  known  of  the  geology  of  this  great  internal  region  of  the  con- 
tinent, rather  inclined  to  believe.  But  it  would  take  very  strong  evi- 
dence to  convince  me  that  the  higher  fresh-water  lignite  series  of  the 
Upper  Missouri  is  more  ancient  than  the  Lower  Eocene.  That  they  are 
not  is  certainly  strongly  indicated,  not  only  by  the  modem  affinities  of 
their  moUuscan  remains,  but  also  by  the  state  of  the  preservation  of  the 
latter.  Indeed,  these  shells  (PlanorhiSj  VivipamSj  QoniolxmSy  Physa^ 
&c.)  are  found  loose,  as  they  fall  from  the  incoherent  sand  in  great 
numbers,  so  entirely  free  from  adhering  matrix,  either  internal  or  exter- 
nal, and  so  little  changed,  that  any  one  not  familiar  with  the  existing 
species  of  the  country  would  naturally  think  them  merely  dead  shells 
of  the  same,  picked  up  along  the  shores  of  tiie  streams.  The  entire 
flora  of  this  Upper  Missouri  lignite  group  has  also  always  been  consid- 
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ered,  by  the  highest  aathorities  on  that  department  of  paleontology, 
unquestionably  Tertiary. 

From  the  foregoing  remarks  it  will  be  seen  that  oar  present  informa- 
tion in  regard  to  the  age  of  the  Bitter  Greek  series  may  be  summarily 
stated  as  follows : 

•  

1.  That  it  is  conformable  to  an  extensive  fresh- water  Tertiary  forma- 
tion above,  ^m  which  it  does  not  differ  materially  in  lithological 
characters,  excepting  in  containing  numerous  beds  and  seams  of  coal.* 

2.  That  it  seems  also  to  be.  conformable  to  a  somewhat  differently 
composed  group  of  strata  (1,000  feet,  or  possibly  much  more  in  thick- 
ness) below,  apparently  containing  little  if  any  coal,  and  believed  to  be 
of  Gretaceous  age. 

3.  That  it  shows  no  essential  difference  of  lithological  characters  from 
the  Gretaceous  coal-bearing  rocks  at  Bear  Eiver  and  Goalville. 

4.  That  its  entire  group  of  vegetable  remains  (as  determined  by  Pro- 
fessor Lesquereux)  presents  exclusively  and  decidedly  Tertiary  affinities, 
excepting  one  peculiar  marine  plant,  (HalymeniteSj)  which  also  occurs 
thousands  of  feet  beneath  undoubted  Gretaceous  fossils,  at  Goalville,  in 
Utah.+ 

5.  That  all  of  its  animal  remains  yet  known  are  specifically  different 
from  any  of  those  hitherto  found  in  any  of  the  other  formations  of  this 
region,  or,  with  perhaps  two,  or  possibly  three  exceptions,  elsewhere. 

6.  That  all  of  its  known  invertebrate  remains  are  moUusks,  consisting 
of  about  thirteen  species  and  varieties  of  marine,  brackish,  and  fresh- 
water types,  none  of  which  belong  to  genera  peculiar  to  the  Gretaceous 
or  any  older  rocks,  but  all  to  such  as  are  alike  common  to  the  Greta- 
ceous, Tertiary,  and  present  epochs,  with  possibly  the  exception  of 
Ooniobasis,  (which  is  not  yet  certainly  known  from  the  Gretaceous.) 

7.  That,  on  the  one  hand,  two  or  three  of  its  species  belong  to  sec- 
tions or  subgenera  (Leptesthss  and  Vdaritina)  apparently  characteristic 
of  the  Eocene  Tertiary  of  Europe,  and  are  even  very  closely  allied  to 
species  of  that  age  found  in  the  Paris  Basin:  while,  on  the  other  hand, 
one  species  seems  to  be  conspeciflc  with,  and  two  congeneric  with,  (and 
closely  related  specifically  to,)  forms  found  in  brackish-water  beds  on 
the  Upper  Missouri,  containing  vertebrate  remains  most  nearly  allied  to 
types  hitherto  deemed  characteristic  of  the  Gretaceous. 

8.  That  one  species  of  Anomia  found  in  it  is  very  similar  to  a  Texas 
Gretaceous  shell,  and  perhaps  specifically  identical  with  itj  while  a 
ViviparuSj  found  in  one  of  the  upper  beds,  is  almost  certainly  identical 
with  the  V.  trochiformis  of  the  fresh-water  Lignite  formation  of  the 
Upper  Missouri ;  a  formation  that  has  always,  and  by  all  authorities, 
been  considered  Tertiary. 

9.  That  the  only  vertebrate  remains  yet  found  in  it  are  those  of  a  large 
reptilian,  (occurring  in  direct  association  with  the  Viviparus  mentioned 
above,)  which,  according  to  Professor  Gope,  is  a  decidedly  Gretaceous 
type,  being,  as  he  states,  a  huge  Dinosaurian. 

It  thus  becomes  manifest  that  the  paleontological  evidence  bearing 
on  the  question  of  the  age  of  this  formation,  so  far  as  yet  known,  is  of  a 
very  conflicting  nature ;  though  aside  from  the  Dinosaurian,  the  organic 
remains  favor  the  conclusion  that  it  is  Tertiary.  The  testimony  of  the 
plants,  however,  on  this  point,  although  they  doubtless  represent  what 
would  be  in  Europe  considered  clearly  a  Tertiary  flora,  is  weakened  by 

*  See  Mr.  Banuister's  section,  farther  on. 

tThis  fossil,  however,  I  am  informed  by  Professor  Lesquereux,  likewise  occurs  at 
numerous  localities  in  Colorado  and  elsewhere,  in  beds  he  regards  as  decid'cdl'^  T«t- 
tiary. 
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the  fact  that  we  already  know  that  there  is  in  Nebraska  in  clearly  Cre- 
taceias  rocks,  a  flora  that  was  referred  by  the  highest  European  author- 
ity to  the  Miocene.  I  do  not  know,  however,  how  far  Professor  Les- 
qaereux's  opinion  that  the  Bitter  Greek  plants  are  Tertiary  may  rest 
upon  specific  identifications  among  them  of  forms  known  to  occur  in 
well  determined  Tertiary  rocks  elsewhere. 

TERTIARY  AGE. 

Bracldshwaier  beds  of  Bear  River.* — In  redemption  of  the  promise 
made,  I  now  return  to  the  consideration  of  the  age  of  the  brackish^ water 
befis  of  Bear  Eiver,  (division  28  of  sec.  — ,  on  p.  — .)  These  have  al- 
ways been  regarded  by  me  provisionaUy  as  Lower  Eocene,  not  only 
because  their  included  fossil  remains  were  closely  related  to  forms 
occurring  in  the  Eocene  lignite  beds  and  deposits  of  the  Paris  Basin 
and  the  mouth  of  the  Ehone,  but  also  because  none  of  them  belonged 
to  characteristic  Cretaceous  types.  If,  however,  the  beds  of  Bitter 
Creek  and  the  Judith  River  should  finally  prove  to  be  Cretaceous, 
the  brackish- water  beds  in  question  must  probably  be  relegated  to  the 
same  epoch,  though  they  are  not  known  to  hold  any  species  in  common 
with  the  Bitter  Creek  beds,  and  but  one  with  those  of  Judith  River* 
Their  approximate  conformability  with  Cretaceous  beds,  indicating  dis- 
turbance and  upheaval  at  the  same  time,  favors  this  conclusion.  I  may 
add  that  I  have  not  been  wholly  without  the  suspicion  that  they  might 
prove  to  be  Cretaceous,  and  in  a  report  to  Mr.  Clarence  King,  published 
in  his  report  on  the  geological  survey  of  the  fortieth  parallel,  (vol.  3,  p. 
46G,)  I  summed  up  my  conclusions  in  the  following  terms : 

While  I  am  therefore  willing  to  admit  that  facts  may  yet  be  discoyered  that  will  warrant 
the  conclusion  that  some  of  these  estaary  beds,  so  widely  distribnted  here,  should  be  in- 
cluded rathcT  lu  the  Cretaceous  than  in  the  Tertiary,  it  seems  to  me  that  such  evidence 
must  either  come  from  included  vertebrate  remains,  or  from  further  discoveries  respect- 
ing the  stratigniphical  position  of  those  beds  with  relation  to  other  established  hori- 
zons, since  all  the  moUuscan  remains  yet  known  from  them  (my  own  opinions  are  en- 
tirely batjcd  on  the  latter)  seem  to  point  to  a  later  origin. 

This  paragraph  has  been  misunderstood  by  Professor  Cope,t  who  has 
brought  it  into  context  with  the  statement  respecting  the  age  of  the  Bitter 
Creek  coal  strata,  and  asserted  that  the  nearest  approximation  to  the 
point  of  identification  of  the  Bitter  Creek  strata  with  the  Cretaceous 
were  thus  made  by  myself,  aud  conveyed  the  impression  that  no  positive 
reference  had  been  made  of  any  of  the  Bear  liiver  beds  to  this  period. 
This,  however,  as  has  been  shown  elsewhere,  had  been  done  in  the  most 
unequivocal  manner  with  regard  to  the  deposits  of  marine  coal  at  Bear 
liiver  City,  Wyoming,  as  well  as  at  Coalville,  Utah. 

I  had  intended  to  make  more  extended  reuiarks  on  the  se venal  Ter- 
tiary deposits  referred  to,  and  to  have  given  lists  of  fossils  from  them, 
but  sudden  illness,  and  the  necessity  for  sending  copy  withtmt  further 
delay  to  the  Public  Printer,  have  compelled  the  relinquishment  for 
the  present  of  such  desiga. 


*  Until  some  decidedly  Cretaceous  fossils  have  been  somewhere  found  in  or  above 
these  beds,  they  may  bo  left  in  the  lower  Eocene.  Our  discovery  of  a  group  of  fresh- 
water shells  as  modern  in  appearance  as  these  (though  all  different  species)  at  Coal- 
ville, far  down  in  the  Cretaceous,  shows  how  cautious  we  should  be  in  deciding  such 
questions. 

t  Proceedings  American  Philosophical  Society.  Extras  dated  in  MSS  February  7, 1873. 


LISTS  OF  FOSSILS  COLLECTED. 


SILUEIAN  SPECIES. 

XA8T    SIDE    OF    GALLATIN  RIVER,  ABOVE  GALLATIN  CITY,  MONTANA. 

First  or  upper  division. 
Names.  Remarks. 

J.  Lingulepis.*  -. 

2.  Conocoryphe Merely  fragments. 

3.  Bathyurus  (!) Merely  fragments. 

4.  Asaphus  (!) Merely  fragments. 

Second  division, 

6.  Acrotreta, 

6.  Lingnla A  very  small  sbining  species. 

Third  division. 

7.  Acrotreta  suhconica J  KntoTgSL.j 

8.  Ipkidea  sculptilis^  Meek See  description  in  this  report. 

9.  Hyolithes   gregaria,    (Theca  gre- 

garitty  M.  and  H.) Mere  cast,  bnt  agrees  in  size  and 

form  with  this  species. 

10.  Agnosttis  Mdens^  Meek  J 

11.  Conocoryphe       (Conocephalites) 

GallutinensiSj  Meek See  description  in  this  report. 

*  Two  specimens  only  of  this  fossil  are  contained  in  the  collection.  These  have  ex- 
actly the  outline,  and  agree  well  in  most  other  respects  with  a  form  Professor  Hall  has 
referred,  doubtfully,  to  the  shorter  valve  of  X.  pinncBformis,  Owen,  from  the  horizon  of 
the  Potsdam.  It  also  shows  the  same  radiating  strise  seen  on  exfoliated  specimens  of 
that  species,  and  has  its  beak  truncated,  as  in  Fig.  15,  pi.  6,  Regents'  Sixteenth  Report 
on  State  Cab,  N.  H.,  New  York  ;  though  casts  of  tne  internal  markings,  as  seen  through 
the  translucent  shell,  seem  not  to  present  a  flabelliform  appearance,  as  in  Professor 
HalVs  figuie  cited,  but  have  the  same  elongated  trilobate  outline  seen  in  the  other 
valve  of  L,  pinnwfarmis. 

tThis  little  shell  seems  to  be  very  similar  to  Eutorga's  species,  but  it  has  the  ventral 
v^ve  more  elevated  than  A.  gemmaf  Billings,  and  the  false  area  marked  by  a  distinct 
mesial  furrow,  said  not  to  be  defined  in  latter.  The  larger  specimens  measure  0.15 
inch  from  the  front  to  the  apex  of  the  ventral  valve  and  0.11  inch  in  breadth.  The 
beak  of  this  valve  is  pointed,  and  generally  bent  slightly  forward.  The  surface  is  a 
deep  brownish  color,  shining  as  in  Lingula,  and  marked  by  minute  lines  of  growth.  It 
is  quite  probable  that  a  direct  comparison  of  specimens  would  show  our  species  to  be 
distinct  from  the  Russian  shell.    If  so,  I  would  propose  to  call  the  species  A.  attenuata. 

X  Resembles  A.  piei/ormis,  Linn.,  (sp.,)  but  has  a  proportionally  shorter  pygidiam, 
more  truncated  between  the  posterior  points  j  while  its  mesial  lobe  is  shorter,  nigher, 
and  surmounted  by  a  prominent  node  anteriorly,  and  more  flattened  and  pointed  be- 
hind, without  any  traces  of  a  mesial  transverse  furrow.  Its  head  is  still  more  nearly 
like  that  of  J.  piHformU jhnt  wants  the  mesial  furrow  extending  forward  from  the 
glabella  to  the  anterior  margin.  Its  glabella  is  most  prominent  behind,  where  it  skowa- 
a  tendency  to  swell  into  a  little  node.    Surface  finely  granular. 
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12.  Conocoryphe Undetermined  fragments. 

13.  Bathyurus  (?)  Eaydenii^  Meek. . .Described  in  tiiis  report 

14.  Bathyurus  serratus^  Meek Described  in  this  report 

Fourth  or  lowest  division, 

15.  Cruziana  * 

16.  Lingula^  or  Lingulepis Imperfect  specimens.  * 

17.  Conocoryphe - Fragments.  ' 

18.  Bathyurus,  or  Asaphus Fragments. 

FLAT-HEAD  PASS,  3IONTANA. 
Names.  Remarks. 

1.  Bathyurellus  (Dikelocephalusl) 

truncatus,  Meek Described  in  this  report 

2.  BathyurelluSy  (Asaphiscus  t) Described  in  this  report 

NEAR  MALADE   CITY,   NORTHERN  UTAH. 

Names.  Remarks. 

1.  Camerella  Caleifera,  Billings.t 

2.  Orthis  hippolit€,Bi\lmgB.{^)t 

3.  Orthis Very  finely    striated  and  like  0. 

electraj  Billings. 

4.  Orthis A  larger  and  more  compressed  spe- 

cies. 

5.  Euomphalusi})  trochiscus,  Meek§ . 

6.  EuomphaliM  (1)       rotuliformis, 

Meek. 

7.  UuomphaluSjOT  Ophikta. 

8.  Agnostus  Josepha,  Hall  (f ).|| 

9.  Conocoryphe Fragments  of  perhaps  several  spe- 

cies. 

10.  Bathyurellus  {Asaphiscus)  Brad- 

leyiy  Meek Described  in  this  report. 

11.  Bathyurus  Saffordi,  Billings... Only  the  pygidium,  but  agrees  ex- 

actly  with  Canadian  specimens 
sent  by  Mr.  Billings. 

*  The  Dame  Cruziana^  d^Orbigny,  1842,  (Voy.  dans  TAmer.  Mend.,  t.  3,  part  2d,  p.  30,) 
haviDj;  priority  over  Jiubophycu8f\By89ophycu8f)  Hall,  1852,  will  have  to  be  retained  for 
these  curious  fossils. 

tXhe  spccimeDs  are  all  separate  valves,  more  or  less  broken,  or  partly  hidden  in  the 
matrix ;  but  so  far  as  can  be  seen  they  certainly  agree  well  in  size  and  all  external 
characters  with  Mr.  Billings'  species,  with  possibly  the  exception  of  having  a  some- 
what wider  and  deeper  mesial  sinus  and  more  prominent  mesial  fold. 

X  Agrees  pretty  nearly  with  the  Canadian  shell,  though  its  mesial  sinus  is  somewhat 
wider  and  deeper.  It  may  be  distinct,  but  the  specimens  are  too  imperfect  for  satisfac- 
tory comparison. 

$  These  have  been  described  in  the  Proceedings  of  the  Academy  Natural  Sciences, 
Philadelphia,  Ap.,  1870,  p.  01,  and  will  be  figured  in  Mr.  King's  report. 

U  The  specimens  of  this  little  trilobite  seem  to  agree  closely  with  Professor  Hall's 
species^xceptiug  in  some  of  the  minute  and  apparently  variable  details  of  the  mesial 
lobe  orlho  head  and  pygidium.  So  far  as  I  have  been  able  to  see,  however,  it  would 
also  seem  not  to  have  the  posterior  lateral  angles  of  the  cheeks  armed  with  little  pro- 
jecting points,  as  in  the  Wisconsin  species.  If  these  little  spines  do  not  exist  in  our 
specimens,  (none  of  which  are  in  a  condition  to  remove  all  doubts  on  this  point,)  they 
wonld  almost  certainly  belong  to  a  distinct  species,  in  which  case  I  would  propose  for 
the  name  Agnostus  Malademifis. 
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12.  BathyuruSj  or  Dikelocephalus ..  .Fragments. 

13.  Bathyurelltis  {JHkelocephalm  {^) 

truncatuSy  Meek Described  iu  this  report.  Occurs  also 

at  Flat-Head  Pass. 

14.  Asaphua  {MegiUagpis  (!)  gonio- 

cercm^  Meek Described  in  this  report.    Occurs  at 

Flat-Head  Pass. 

WEST  FACE  OF  BIG  HORN  MOUNTAIN,  HEAD  BUFFALO  FORK. 
Names.  Remarks. 

1.  Conocoryp/^,  and,  perhaps,  i>fA-«- 

locephalus* Mereiragments. 

CARBONIFEROUS  SPECIES. 

OUTLET  OF  MYSTIC  LAKE,  MONTANA. 

Names.  Remarks. 

1.  Zaphrentis A  small  species. 

2.  Zaphrentis Fragment  of  a  large  species  appar- 

ently of  this  genus. 

3.  Ptilodictya  {Stictapora^)    dicty- 

oto,  Meekt 

4.  Ptylodictya A  merely  branching  species. 

5.  Fenestella One  or  two  species. 

6.  J7em(prom76«creni«tna, Phillips. Rather  more  finely  striated  than 

usual. 

7.  Chonetes An  abundant  medium  sized  species 

with  very  fine,  dichotomous,  radi- 
ated strisB,  crossed  by  very  minute 
concentric  striie ;  spines  of  cardi- 
nal margin,  five  on  each  side  of 
beak. 

8.  Productm  JongispiniiSj  Sowerby  .A  small  form,  apparently  agreeing 

witb  Sowerby's  species. 

9.  Productus  scabricultiSj  Martin (f). Specimens  fragmeitary. 

10.  Ehynchonella. 

1 1.  Spirifer^  {Martinia) Of  medium  size. 

12.  Spin/er  {Martinia)  Zinmta,  Mar- 

tin. 

13.  Spirifer Similar  to  some  varities  of  8.  incre- 

bescenSj  Hall,  which  Mr.  Davidson 
thought  not  distinct  from  8.  biaul- 
cata, 

*  The  only  part  in  the  collection  certainly  known  to  belong  to  this  species  is  the 
pygidiimi.  This  has  much  the  general  appearance  of  the  corresponding;  part  of  atrilo- 
bite,  figured  by  Mr.  Billings,  under  the  name  of  Asaphua  quadraticaudatuSj  (Paleont., 
Canada,  p.  271,  Fig.  258,)  but  its  lateral  margins  are  straighter  and  its  mesial  lobe 
proportionally  longer,  with  only  three  to  five  segments  that  pass  straight  across,  in- 
stead of  eight  or  nine  arching  forward.  Its  lateral  lobes  show  three  or  tour  short  seg- 
ments, instead  of  only  one,  >vhile  they  and  the  latenil  margins  show  no  traces  of  the 
strife  seen  on  Mr.  Billings's  species.  Its  lateral  and  posterior  flattened  margins  are 
more  suddenly  defined  from  the  swell  of  the  lateral  lobes. 

t  An  anastomosing  species,  with  divisions  about  0.10  to  0.12  inch  in  breadth,  by  0.04 
to  0.05  inch  in  thickness,  and  connecting  so  as  to  form  a  reticulated  structure,  with 
feiiestmles  of  a  more  or  less  oval  form,  about  0.24  inch  in  length  by  0.16  inch  in  breadth. 
Pores  small,  with  slightly  raised  margins,  having  the  usual  quincuncial  arrangement, 
aud  forming  six  to  eight  longitudinal  rows;  non -poriferous  margins  rather  sharp,  and 
of  moderate  breadth. 

30  a  S 
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1  A.  Spirifer With  hinge-line  mnch  extended,  and 

Buialler  and  more  namerons  costoe 
then  the  last,  being  much  like  8. 
hiplicatu^j  Hall,  from  the  horizon 
of  the  Waverley  Gronp,  Ohio. 

15.  Spirifer  MysticensiSj  Meek.* 

IG.  Retzia. 

CAKON,  east  side  of  MADISON  RIVER,  MONTANA. 
Names.  Remarks. 

1.  Platycrinites Detached  base. 

2.  Poteriocrinites. 

3.  SemipronitescrenistriajFhWWps. Some  finely  striated  varities  found 

at  Mystic  Lake. 

4.  Strophomena  analogay  Phillips. 

5.  Productu8semireticulatus,MsiTt\n, 

6.  Productus  JongispinuSj  Sowerby  (!)  Same  as  No.  8  of  list  from  Mystic 

Lake. 

7.  Productus  «ca6rtct£itt«,  Martin  (?).  Same  as*  No.  9  of  list  from  Mystic 

Lake. 

8.  Chonetes Same  as  No.  7  of  list  from  Mystic 

Lake. 

9.  Ehynchonella Same  as  No.  10  of  list  from  Mystic 

Lake. 

10.  Refzia,  (fragments) 

11.  ISpirifer Same  as  No.  13  of  list  from  Mystic 

Lake. 

12.  Spirifer  Mysticensis,  Meek. 

13.  Spirifer  (Martinia). 

14.  TerebraUila,  (fragments) 

15.  Platyceratf An  arcuate  conical  species. 

10.  Euomjyhahis,  (fragments  of  large 

species.) 
17.  Pleurotomaria,  (!) 

BRTDGER  PEAK,   NEAR  FORT  ELLIS,  MONTANA. 
Names.  Remarks. 

1.  Lithostrotion A  compound  species  with  small  cor- 

allites. 

2.  Ilemipronites  crenistriaj  Phillips  (!)Same  variety  as  No.  6,  Mystic  Lake 

list. 

3.  Hemipronites A  much  more  finely  striated  species. 

4.  Productus  longispinus^  Sowerby  (?).Same  as  No.  8.  Mystic  Lake,  and  0, 

Canon,  east  side  Madison  liiver. 

CAMP  NO.   19,  AUGUST  2,   1872,  IDAHO  TERRITORY. 
Names.  Remarks. 

1.  LophophyUym. 

2.  Zaphrentis, 

*  A  iiK  (liiuii  feiztMl,  vory  transverse  species,  with  nmcroDate  lateral  extremitiee,  and 
12  to  15  simple,  radiatinjif  costaj  on  each  hiteral  slope  of  each  vale  ;  mesial  sinus  mode, 
extended  to  the  beak,  with  one  rib  in  its  bottom,  and  rarely  faint  traces  of  anotber  on 
one  or  both  sides  of  this  toward  the  front;  cardinal  area,  of  moderate  heicht,  well 
defined,  and  more  or  less  arched  with  the  beak.  Resembles  S,  himestalis,  Hall,  (Iowa 
Ke]iort,)  in  size  and  form,  but  wants  the  lamellose  imbricating  concentric  stnoe  seen 
on  that  species. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.        467 

3.  Michelinla Small  irregular  corallites. 

4.  Syringopora. 

5.  Chonetes Same  as  No.  7,  Mystic  Lake. 

6.  ProductiLS Like  P.  scabricuhis,  same  as  No.  0, 

Mystic  Lake. 

7.  Heniipronites  crenistriaj  Phillips. 

8.  SpirifeVy  {Martinia) Same  as  No.  10,  Mystic  Lake,  and 

No.  13,  East  Madisou  Biver. 

9.  Spirifer. 

10.  UuomphaluSy  (fragments.) 

BLACK-TAIL  DEER  CREEK,  MONTANA. 
Names.  Remarks. 

1.  Heiuipronites crenistria^FhiWips (1)  S^me  as  at  Mystic  Lake;   Cafiion, 

East  Madison  Biver,  &c. 

2.  Chonetes Same  as  No.  7,  Mystic  Lake ;  No.  8 

Canon,  East  Madison  Biver,  &c. 

3.  RhynclioneUa Bather  small  plicated,  subtrigoual ; 

very  abundant  species. 

4.  Spirifer  lineatuSj  Martin.(?) 

5.  Spirifer Same  as  No.  12,  Mystic  Lake. 

6.  Spirifer Same  as  No.  14,  Mystic  Lake. 

NORTH  GROSVENTRES  BUTTE,  WYOMING. 

Names.  Remarks. 

1.  Zaphrentis. 

2.  ^ewtprowitescrenwfna, Phillips (?)Same  a«  at  Mystic  Lake,,east  side 

Madison  Biver,  Bridger  Peak,  &c. 

3.  Spirifer Same  as  No.  12  at  Mystic  Lake,  &e. 

4.  Spirifer,  {Martinia) Same  as  No.  10  at  Mystic  Lake,  &c. 

FLAT-HEAD  PASS,  MONTANA. 
Names.  Remarks. 

1.  Zaplireiitis A  small  arcuated  turbinate  form. 

2.  Syringopora,^ 

3.  Hemipranites    crenistria,    Phil- 

lips (!) Same  as  at  Mystic  Lake,  Gros- Ven- 
tres Butte,  &c. 

4.  RUynchonella Fragment  rather  large,  strongly  pli- 

cated species. 

5.  Spirifer Same  as  No.  12,  Mystic  Lake,  &c. 

NORTH  SIDE  HENRY'S  LAKE,  IDAHO. 
Names.  Remarks. 

1.  ffemiproniteacrenistria,  Phillips  (?)Same  variety  as  at  Mystic  Lake,  &c. 

2.  Frodnctus8cabriculuSy'M,&rtm(f)sp.  Do.  ji  do. 

3.  Spirifer Same  as  No.  12,  Mystic  Lake,'&c. 

4.  Terebratnla. 

CAKoN  WEST  OP  GALLATIN  RITER,  MONTANA. 
Names.  Remarks. 

1.  Cluetetes Very  slender  ramose  species. 

2.  Zaph^entis. 

3.  Syringapara. 
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4.  PIatycrinite$ Merely theellipticdiskofthecoluinn 

5.  Fenestella, 

6.  Uemipronites   erenistriaj   Phil- 

)ip8(?) Same  as  at  Mystic  Lake,  &c. 

7.  Strophomena  anatogOf  Phillips.. Same  as  from  caiiOD,  East  Gallatin 

Kiver. 

8.  Chonetes Same  as  at  Mystic  Lake,  &e. 

9.  Froduotus  semireticulatusj  Mar- 

tin  Same  as  at  east  side  Madison  Biver. 

10.  Productus Small  hemispherical  species. 

11.  Produciusl  ongispinus^    Sower- 

by(?) Same  as  from  Mystic  Lake  Gaiion, 

East  Madison  Kiver,  &c. 

12.  RhynchoneUa Same  as  from  Mystic  Lake. 

13.  Eetzia. 

li.  Spirifer  MysticensiSy  Meek Same  as  from  Mystic  Lake,  &c. 

15.  Athyris  or  Martinia, 

16.  Spirifer Same  as  No.  12,  Mystic  Lake. 

17.  Uuamphnlus. 

LYON  HILL,  OPHEB,  EAST  OAlfON,  UTAH. 
Names.  RemarkB. 

1.  Fcnestella Very  like  F.plebqa^  McCoy,  and  like 

one  at  Old  Baldy. 

2.  Clwstetes Slender  ramose. 

3.  Crinoids Joints  of  columns. 

4.  Productus  semireticulatus^  Mar- 

tin (!) 

5.  RhynchoneUa, 

6.  PhiUipsia  f Fragments  of  pygidinm. 

SWAN  VALLEY,  IDAHO. 

Names.  Remarks. 

1.  Syringopora  (!) Very  imperfect,  but  looks  like  Syrin- 

gopora. 

2.  A  viculopecten  (?) Very  small  smooth  species,  like  this 

genus,  but  may  be  an  Entolium. 

3.  Bivalve Small,  uudetermined. 

4.  lihynchonella, 
C.  Spirifer. 

"  OLD  BALDY,"  NEAR   VIRGINIA   CITY,  MONTANA. 
Names.  Remarks. 

1.  Marine  plant,  like  Fucoides  can- 

dagalli, 

2.  Zaphreniis  excentrica,  Meek.* 

•  A  large,  slipbtly  curved,  Hliort  turbinate  species,  with  fossnia  on  the  dorsal  side; 
septa  about  Roventy  of  principal  series,  wbicb  extend  inward  so  as  to  U*ave  a  oioder- 
iitoly  broad,  smooth  space  at  the  bottom  of  the  calyx  near  the  dorsal  side,  while  as 
many  more  shorter  and  more  slender  ones  alternate  with  the  larger ;  tabula)  trans- 
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3.  Zaphrenti8 A  small,  slightly  cnrved   species, 

with  fossula  ventral. 

4.  Michelinia Like  M,  tenuisepiaj  Phillips'  (spe- 

cies.) 

5.  GluBtetei .• .  Slender  ramose  species 

6..  Platycrinites  (f) Arms  and  fragments  of  colamns. 

7.  Flatyerinitea  Haydtni^  Meek.* 

8.  Pentrotnites  8ymmetricu8j  Hall  ..As  far  as  cau  be  determined  from 

the  specimens,  it  seems  to  agree 
well  with  P.  symmetricus, 

9.  Pmtremite8  0odonu^T>efTS,nce{1) 

10.  Poterioerinitea      MontanaensiSj 

Meek.t 

11.  Urisocrinua  (!) Body  only,  apparently  of  a  species 

of  this  genus. 

12.  Ptilodictya. 

13.  Fenestelia Very    delicate  j     like    F.   plebeja, 

McCoy. 

14.  Ptilopora. 

15.  Strophomena  analoga^  Phillips. 

16.  Orthis  resupifutUij  Martin. 

17.  Cha^ketes A  mediam-sized,  very  finely  striated 

species. 

18.  Producttts  semireticulatuSy  Mar- 

tin, (species) A  small,  snlcated,  strongly  arcuate, 

and  produced  variety,  apparently 
of  this  species. 

19.  ProducUis  Altonensia,  N.  &  P. 

20.  ProdtwtusscahricuhiSyMRvtin  (^) 

21.  Productus     Prattenanus,    Nor- 

wood. 

22.  Productus  coruj  d'Orbigny  (?)... This  agrees  with  European  shells, 

referred  to  d'Orbigny's  species; 
but  is  more  finely  striated,  and 
much  more  produced,  than  d'Or- 
bigny's  type. 

23.  Productus A  narrower,  strongly  arched,  much 

produced  species,  marked  by 
small,  very  obscure  concentric 
wrinkles,  and  very  small,  slightly 
elongatvCd,  raised  points,  that  may 
have  supported  minute  spines. 

24.  Hemipronite8cren%9triayPhi\\\p&j 

(species.) 

25.  Camaraphoria Very  similar  to  C.glohulina^  Phillips. 

26.  Athyris  mbtilita^  Hall. 

*  A  small  species,  with  a  cnp-shaped  body,  rounded  below  to  a  circular  at^chment 
for  tlio  column;  body-plates  smooth,  or  obscurely  gTannlar,  and  joined  by  slightly 
grooved  sutures :  arms  twenty,  slender,  each  dividing  once  on  the  second  piece  above 
their  origin  on  tne  very  small  second  radials,  composed  each  of  a  single  series  of  small 
pieces,  (aa  in  P.  nodobrac^iaUUy  HaU,  Iowa  Beport,  p.  542.)  bearing  pinnules  alternately 
on  their  inner  lateral  ends. 

t  A  small  species  with  an  elongate  obconical  body,  composed  of  smooth  plates,  and 
supported  oa  a  round  column ;  arms  long,  slender,  apparently  simple  above  their  origin 
on  toe  lost  radials,  and  composed  of  small  pieces,  every  third  one  of  which  bears,  alter- 
nately on  opposite  sides,  a  long  pinnule. 
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26.  Spirifer  lineattASj  Martin,  (spe- 

cies.) 

27.  Spirifer Like  dome  forms  of  8.  incrthescens^ 

HaU. 

28.  Spirifer  tnradialia,  Phillips  (!)♦ 

29.  Spiriferina    oetoplicataj     Sow- 

erby May  be  the  same  as  8.  Kentuckensift, 

Shum. 

30.  Betzia  vera.  Hall  (!) 

31.  Tere;{»ra^ie2a  arcuato,  Swallow (?). Almost  certainly  the  same  as  T. 

'   bovidenSj  Morton. 

32.  Terebratula A  small  species  possibly  identical 

with  T.  turgida,  Hall. 

33.  Astartella  Newberryi,  Meek  (!)  ..I  can  see  no  difference  in  the  sin^cle 

specimen  examined,  from  the  Ohio 
species. 

34.  Cypricardiiia Has  the  external  appearance  of  the 

genus. 

35.  Platyceras. 

36.  Pleuroiomaria  spUcerulata^  Con- 

rad  The  specimen  agrees  well  with  de- 
pressed varieties  of  Mr.  Conrad's 
si)ecies  from  the  western  coal- 
measures. 

37.  Euomphalus Fragments  of  cast  of  a  large  species. 

38.  Phillipsia Fragments. 

DIVIDE  BETWEEN  BOSS  FORK  AND  LINCOLN  VALLEY,  MONTANA. 

Names.  Bemarka. 

1.  Zaphrentis  Stamhnryi,  Hall  (!) 

2.  CyathophyUum    suhccespitosum, 

Meek.t 

3.  LopJhophyllum  or  Cyathaxonia. .  .Ferhaps  more  than  one  small  spe- 

cies. 

4.  Syringopora, 

5.  Flatycrinus Body  only,  of  a  very  small  globose 

species. 
C.  Pentremites  Bradleyij  Meok.f 

7.  Pentremites  Oodonij  Defrauce(?) 

8.  Pentremites  conoideus.  Hall. 

*  A  very  abuudant,  gregarious  little  shell,  closely  resembling  S,  triradialiSj  var.  9exra- 
diaUtff  as  illustrated  by  Mr.  Davidson,  excepting  that  the  largest  of  hundreds  of  8i)eci- 
mens  arc  less  than  oue-fourth  the  size  of  well-developed  individuals  of  that  form.  It 
also  dift'ers  in  being  constantly  wider  than  long,  instead  of  the  reverse,  and  in  having 
the  beak  of  its  ventral  valve  always  proportionally  shorter ;  while  it  shows  a  faint 
sulcus  along  the  mesial  fold  toward  the  front,  and  a  corresponding  very  slight  ridge  in 
the  bottom  of  the  sinus  of  the  other  valve.  I  think  it  probably  a  now  species.  If  so, 
it  may  be  called  S.  agelaius. 

1 1  have  figured  and  described  this  species  in  Mr.  King's  nnpablished  report.  Ha 
corallites  are  long,  cylindrical,  more  or  less  ilexuous,  and  loosely  branching  instead  of 
crowing  in  compact,  fasciculated,  or  asterform  masses,  as  in  C.  canpitosumj  Gk>ldfii88.  It 
has  a  more  developed,  more  transversely  wrinkled,  and  less  striated  epithoca  (when 
not  worn)  than  Goldfiiss's  species. 

t  A  small  species  like  P,  Koninckiamiy  Hall,  but  shorter  below,  and  having  its  psend- 
ambnlacra  more  deeply  excavated  along  the  middle,  with  their  pore  pieces  more 
transverse.' 
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9.  Pentremites  mbconoideus^  Meek.* 

10.  Melonites A    single,  very   thick,  hexagonal, 

iuterauibulacral  plate,  with  outer 
surface  a  little  convex,  and  grau- 
lar. 

12.  Hemipronites Very  small  or  only  about  one-half 

inch  in  diameter,  with  a  high 
triangular  area. 

13.  Froductu8 About  half  an  inch  in  diameter,  very 

gibbous :  beak  naiTow,  strongly 
incnrvea;  surface  smooth,  or 
apparently  so. 

14.  Productus Like  P.  hiserialis^  Hall. 

15.  Froduettts  semiretieulatusj  Mar- 

tin, (species) Large  and  well  developed. 

IG.  Prodiwtus  lon^ispinus^  Sowerby .Of  usual  size, 

17.  WiynclKmeHa  macra^  Hall  (?)    | 

18.  Ehy^nchonelUij  mutataj  Hall  (9) 

19.  AthyHs Small,  and  like  Ath.  hirsutaj  Hall. 

20.  Retzia  Vemieuiliana^  Hall 

21.  Spififer Very  small,  like  a  miniature  S.  opt- 

mu^y  H. 

22.  BpMferina Like  S.  spinosa  {Spirifera  spinosa^ 

H.,)  but  smaller,  and  apparently 
without  spine-bases. 

23.  TerebratuJn  turgida^  HalL 

24.  Ntwula  Shumardilj  Hall. 

25.  Macrodon(^)     ' 

26.  Cypricardina IndianensiSj  {Cypri- 

cardella  Indianensis^  Hall.) 

27.  Cypricardella  plicata,  Hsill  (1) 

28.  Cypricardellasuhelliptica^  Hall  (!) 

29.  JS-uculana  nasuta  (Nucula  7iasuta^ 

.  Hall  f ) 

30.  Co7iocardium  Meekianum^  Hall  (f ) 

31.  Platyceras One  or  more  small  species. 

32.  Euomphalus  Spurgcnensis^  Hall. 

33.  Naticopm Like    Naticopsi^     Carleyi    {Nati^M 

Carleyij  Hall.) 

34.  Bellerophon Two  small,  smooth  species. 

35.  Holopea Fragments  of  very  small  species. 

36.  Plenrotomariu Very  small. 

37.  Cytkcre Very  near  G,  carbonaria^  Hall. 

38.  Spirorbis  annutata^  Hall. 

39.  PhillipHa Fragments  of  small  species. 

JUKASSIC   SPECIES. 

NEAB  LOWEE  CANON  OF  YELLOWSTONE  BIYEE. 
Nunas.  Beinarkti. 

1.  An  £}ehi$und Mainly  a  cast  of  small  species  of  an 

nudetermiued  genus. 

*  A  very  smaU,  oboonic  species,  mnch  prod  need  below  the  pseud-ambnlacral  areas, 
which  are  very  ahort.  or  almost  confined  to  the  summit,  as  in  Cadaster ^  though  it  i&  ^ 
true  Fentremite. 
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2.  Oatrea Small  etpecimens,  of  perhaps  two  or 

three  species. 

3.  Oryphwa A  small  s^iecie^  of  form  of  the  0. 

dilatata, 

4.  Catnptonectes Specimen  imperfect ;    may    be    0. 

bellistriata^  M.  aod  H. 

5.  Fecten Part  of  a  valve  of  a  rather  large, 

strongly  costate  species.    Kot  a 
true  typical  Fecten. 

6.  Finna Near  P.  opalina^  Quenstedt. 

7.  QervilUa  Montanasmis^  Meek.* 

8.  Oermllia Somewhat  larger  than  the  last,  but 

not  costate. 

9.  Mytilua Has  angular  umbonal  slopes^  and 

only  concentric  markings. 

10.  Modiola {VuUella) stdrimbricatUy 

Meek.t 

11.  Modiola  (Vulsella) A  shorter,  wider,  and  less  arcnate 

species  than  the  last. 

12.  Trigonia  AmericanajMeek.X 

13.  Trigonia  Montanaensis^  Meek.§ 

14.  Crassatella  (?) It  has  the  external  appearance  of 

this    genus,  but   may  belong  to 
some  other. 

15.  Crassatella  (!) Internal  casts  apparently  of  species 

of  this  genus. 

16.  Cucullcea Casts. 

17.  Astarie  (?) .A  small  shell  like  some  of  the  Juras- 

sic species  sometimes  referred  to 
this  genus. 

18.  Unicardium Casts  apparently  of  a  species  of  this 

genus. 

19.  Myacites  [Fleuromya)    subcom- 

pressa,  Meek.|| 

*  A  niediiim-Bized,  very  obliqae  species^  with  poeterior  ear  flattened  and  of  moderate 
size,  angular  at  tbe  extremity,  and  equaling,  on  the  hinge  line,  abont  half  the  length 
of  the  valves ;  body  portion  of  the  valves  rather  slender,  nearly  straight,  or  a  little 
arched,  ranging  at  an  angle  of  28P  to  3(P  below  the  hinge  line,  in  the  left  valve  con- 
vex, in  the  right  flattened,  or  less  convex  than  in  the  other.  Surface  of  both  valvee 
marked  by  tine  concentric  strise,  and  a  few  stronger  furrows  of  growth,  crossed  on  the 
body  part  of  the  left  valve,  by  a  few  slender  radiating  costse,  sepaxated  by  wider 
spaces. 

t  This  is  very  like  Modiola  imhricata^  Sowerby,  a«  illustrated  by  Morris  and  Lycett,  in 
their  Mouogr.  Moll.  Gr.  Oolite,  PI.  IV,  Fig.  2,  excepting  that  its  anterior  ventral  i>or- 
tion,  in  front  of  the  umbonal  ridges,  is  more  prominent,  and  its  posterior  basal  extrem- 
ity more  produced  and  narrowed.  It  is  much  less  like  Sowerby's  original  figure  of 
that  species. 

t  A  tine  species  of  the  type  of  T.  costata  of  the  Old  World,  but  differing  from  that  and 
the  other  allied  forms,  in  having  the  radiating  cost^e  of  the  corselet,  or  posterior  dorsal 
region,  all  of  uniform  size. 

$  Of  the  type  of  T.  nignata^  Agassiz,  but  differing  in  its  proportionally  shorter  form, 
witi)  smaller  uodiferous  costai,  while  it  has  a  row  of  uocles  down  the  anterior  lateral 
region  of  each  valve,  nearly  as  in  T.  navia^  Lamarck. 

I]  Resembles  some  varieties  of  Pleuromyaferruginm  and  P.impretsaf  Agaasiz,  bat  has  the 
anterior  end  shorter  and  more  txuncated,  the  concentric  ridgesof  less  regularity,  and  the 
slight  concavity  extending  from  the  beaks  to  the  anterior  basal  margins  of  the  valves, 
either  entirely  w.intiug  or  very  feebly  marked.  I  have  fully  described  and  iUustrated 
this  shell  in  the  unpublished  paleontological  part  of  Mr.  King's  re j[>ort. 
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20.  Pholadamya  Kinffiij  Meek.* 

21.  OoniomyaMontanaemi$jMeek.i 

22.  AmnumUes * Mere  fragmeDts. 

SPRING  CAi5l0N,  MONTANA. 

Lower  bed. 

Names.  Remarks. 

%  Plants Pragmeuts  of  the  same  forms  seen  at 

Devil's  Slide,  Yellowstone  Eiver. 

2.  Plioatula An    imperfect  valve-impression    of 

one  valve  seen  in  the  matrix. 

3.  CampUmectes Same  as  No.  4,  near  Lower  Gauon, 

Yellowstone. 

4.  Pinna Same  as  No.  (>,  near  Lower  Canon, 

Yellowstone,  being  very  like  P. 
opalina,  Quensteilt. 

5.  MytiUiS Same  as  No.  9,  from  Lower  Caiion, 

Yellowstone. 
G.  Modiola ( Vulsella)  Huhimhricata^ 

y  Meek Same  as  No.  10,  from  Lower  Canon, 

Yellowstone. 

7.  Trigonia  Americana^  Meek Same  as  No.  11,  from  Lower  Canon, 

Yellowstone. 

8.  Myacites  {Pleuromya)    subcom- 

pressay  Meek Same  as  No.  10,  from  Lower  Canon, 

Yellowstone. 

Upper  bed. 

9.  Offtrea A  small  nndeterrained  species. 

10.  Camptanectes. 

11.  Rhynchonella. 

NEAR  FORT  HALL,  IDAHO. 

Lower  bed. 

Names.  Remarks. 

1.  PMettdomonotis        (Euvxi^^oth) 

curtay  Hall,  (sp.) Very  small  and  in  great  nnmbers. 

Upper  bed. 

2.  Terebratula. 

3.  Mytilns. 

*  An  elongate^bloDg  specieSi  quite  convuxin  iimboDal  region,  with  beaks roodiiratHy 
prominent,  incurved,  and  placed  near  tbe  rounded  anterior  end.  The  posterior  end  i's 
piore  narrowly  rounded  and  moderately  gaping.  The  narrow  radiating  costte  are 
waotinff  on  the  ends  and  posterior  dorsal  region ;  the  anterior  ones  (which  descend 
yerticaOy  firom  the  beaks)  are  most  widely  separated,  while  those  farther  back  are 
joyre  closely  arranged  and  more  obliqae. 

>£]oDgate-obkmf]Ci  moderately  convex,  anterior  manpn  regularly  rounded,  iiosterior 
ti'Aicated,  dorsal  and  ventral  margins  nearly  parallel,  beaks  depressed,  and  placed  near 
tbeVmfeerior  end.  Sorfoce  having  wrinkles  or  costs  starting  from  before  the  beaks 
and  YMUwing  obliquely  backward  and  near  half  way  to  the  base,  where  they  die  out,  or 
becmie  very  obscure,  and  curve  horizontally  backward  to  meet  others  ^^as«Mi\|;^^'«Xk 
tbmosterior  dorsal  sloues. 
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4.  Myophoria Mere  casts,  apparently  of  this  genns. 

5.  Macrodon Mere  casts,  apparently  of  this  genus. 

6.  Myacites Mere  casts,  apparently  of  this  genus. 

devil's  slide,  cinnabar  MOUNTAIN,  YELLOWSTONE  RIVER. 

Names.  Remarks. 

1.  QrypJuea   caJceola^  Qnenstedt, 

var. 

2.  Cuculloia -  Internal   cast,   apparently   of  this 

genus. 

3.  Camptonectes.  ^ 

4.  Trigoniaelegantissimajl^leek.* 

5.  CorimyaMontanaensiSjlSileekA 

6.  Myacites  (Pleuromya)  subcom' 

preasttj  Meek. 

7.  Plioladomya. 

8.  Ammonites. 

CRETACEOUS  LIST. 

NEAR  THE    MISSOURI  RIVER,  BELOW  GALLATIN,  MONTANA. 
Names.  Remarks. 

1.  Ostrea  anomioidesj  Meek. 

2.  Trigonia Nearly  allied  to  T.  Evaim^  M4»ek. 

Same  as  No.  3,  irom  Cinnabar 
Mountain. 

3.  Corbicula  (Veloritina)  inflexa^ 

Meek. 

4.  Corbiculu  (Veloritina) Like   the   last,  excepting    that   its 

beaks  are  more  oblique,  more 
nearly  terminal,  and  more  de- 
pressed. May  be  a  variety  of 
same. 

5.  CorbiciiJa  ( Veloritina) A  small  and  proportionally  shorter 

form. 

6.  Cardium A  rather  small,  nearly  circular  spe- 

cies, with  fine  radiating  stride. 

7.  Inoceramus Fragments. 

8.  Phar€Ua(i)  Pea^ei,  Meek. 

9.  Avicula Small  species. 

10.  Avicnla(l) Small ;  of  the  type  of  A.  raricosta^ 

lieuss. 

11.  Modiola Small-,  smooth  species. 

12.  Mytilm Casts. 

33.  TelUna Cast* 

14.  Corbula, 

15.  Anchura Eough  mold  in  matrix. 

*  A  small  species  of  the  type  of  T.  costata,  but  having  the  concentric  or  horissontal 
cost£D  on  the  sides  of  the  valves  very  delicate,  closely  arranged,  and  but  slightly 
larger  than  the  radiating  ones  on  the  pesterior.dorsal  region,  or  conelot.  The  valves 
are  rather  compressed,  abont  one-fourth  longer  than  wide,  and  have  the  posterior 
nmbonal  slopes  acutely  angular. 

t  This  is  very  similar  to  some  varieties  of  C  glabra.  Agassiz,  bnt  it  is  a  vmaller,  pro- 
portionally shorter,  and  more  convex  shelly  with  the  anterior  margins  Jaat  in  front  of 
the  beaks  more  excavated. 


• 
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COLORADO    SPRINGS,   COLORADO. 

Cretaceous^  No.  4. 

Names.  Remarks. 

1.  Inoceramus •.  Fragments  of  casts. 

2.  Callista(^) Fragments. 

3.  Anisomyon  alveolus^  Meek. 

LAST  FOOT    OF  BRIDGER  PEAK,  FOUR  MILES  NORTH    OF  FORT  ELLIS, 

MONTANA. 

Names.  Remarks. 

1.'  Ophiodenna  (?)      Brldgerenuis^ 

Meek.*  » 

2.  Gryphcca Obscure  casts  of  a  small  species. 

3.  Avicula Casts. 

4.  Finna A  rather  large,  narrow  species,  with 

longitadinal  costse. 
6.  Inoceramus Fragments  of  casts. 

6.  Crassatellu Casts. 

7.  Panopwa  (?) Fragments. 

8.  Fholadomya Fragments. 

9.  Turritellu 1 Casts. 

10.  Gyrodes. 

CINNABAR    MOUNTAIN,  YELLOWSTONE   VALLEY,  MONTANA. 
Names.  Remarks. 

1.  Ontrea Casts  of  a  small  species. 

2.  Inoceramus  . . , Fragments  of  casts. 

3.  Trigonia Of  Creta<;eou8  type,  nearly  allied  to 

4.  Corimya T.  Evansi,  Meek. 

4.  Corimya  J  or  Thracia Casts  of  a  small  species. 

5.  Baculites A  small  slender  species,  like/>.  asper^ 

Morton. 

6.  Scaphites  ventricosiiSj  Meek. 

ROCK    CREEK. 

Names.  Remarks. 

1.  Inoceramus, 

2.  Ammonites     percarinatus,    H. 

and  M. 

3.  Ammonites^  (undetermined  sp.) 

4.  Scaphites  Warreuanusj  M.  and 
•    H. 

6.  Scttphites  larviformiSj  M.  and  11. 
6.  Scales  and  other  fragments  of 
fishes. 

*  A  small  Ophitiriau,  with  disk  depressed,  nearly  circular,  and  only  0.17  inch  in 
breadth,  sliowiDg  ou  the  dorsal  side  ten  ovate-sntrigonal  radial  plants,  tbat  arc  Joined 
together  orer  the  inner  ends  of  the  arms,  so  as  to  form  five  pairs ;  anus  small,  or  only  about 
0.75  inch  in  length,  and  at  tbeir  inner  eudsO.OCiuch  in  breadth;  middle  row  of  arm-pieces 
•11  tbt  dorsal  slide,  slightly  wider  than  lung,  and  hexagonal  in  form ;  marginal  pieces 
about  as  large  as  the  middle  ones,  sf'cu  somewhat  edgewise  from  above,  and  bcariug  a 
row  of  very  small^  short  spines.  Voutrul  side  unknown.  The  specimen  is  not  well 
preserved.    Perbai>8  I  should  call  it  Ophiolq^iti  BridgerensU,    ' 
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FOBT  HABKEB. 

Names.  Remarks. 

1.  Inoceramus         problematicuSj 

Schloth. 

2.  Baculites Small,  slender  species. 

LIST    OF    FOSSILS   FBOH    THE    CRETACEOUS    COAL    SEBIBS    AT  COAL- 
VILLE. 

Names.  Remarks. 

1.  Ostrea  solenisctiSj  Meek.*  (a) 

2.  Ostrea  Wj^mingemis^Meek,(1){a) 

3.  Anomia^  (andetermined  sp.) 

4.  Aricula    {Pseudoptet a)    rhyUh 

phara^  Meek,  (a) 
6.  Aviciilu(P8eudoptera)prqpleura^ 
Meek,  (a) 

6.  Avicula  gqstrodeSy  Meek,  (a) 

7.  Inoceramus         problematiouSj 

Schlotheim. 

8.  Jwoceramwj?,  (undetermined  sp.) 

9.  Jnoceraww*,  (undetermined  sp.) 

10.  Pinna^  (undetermined  sp.) 

11.  Modiola  (Brachydontes)  multili- 

nu/era.  Meek.* 

12.  Cardium  airtum^  M.  and  H. 

13.  Cardium  suhcurtum^  Meek.t 

14.  Lucina^  (undetermined  sp.) 

15.  Maerodon,  (undetermined  sp.) 
10.  r/nto,  (undetermined  sp.) 

17.  Trapezium  micronema,  Meek.(ii) 

18.  Cyrena  Carltoni^  Meek,  (a) 

19.  Corbula^  (two  undetermined  sp.) 
29.  Cyprimera  subalatttj  Meek.| 

21.  Cyprimera  (?)  isonema^  Meek. 

22.  TelUna  (f)  modesta,  Meek.  {b)\\ 

23.  Tellina  {Arcopagm)  UtahensiSy* 

Meek. 

24.  Martes^ia^  (undetermined  sp.) 

25.  Gyrodes  deprcssa,  Meek,  (b) 

20.  Neritina  {Neritclla)  Bannisterij 

Meek,  (a) 

27.  Neritina     (Xeritella)      pisumy 

Meek,  (a) 

28.  Neritina  (Neritella)  pisiformiSj 

Meek,  (a) 


*  Species  marked  with  («)  arc  fully  described  in  another  part  of  this  report. 

t  This  is  very  similar  to  C.  curium^  M.  and  H.,  hot  smaller,  with  posterior  nm- 
"bnnal  sloi>es,  rounded  instead  of  angular,  and  the  posterior  dorsal  region  behind  the 
nnilH)nal  slopes  not  so  flattened  and  more  distinctly  costated. 

^  I  have  described  this  species  in  Mr.  King's  unpublished  rei)ort.  It  is  wrjf  like  C. 
deprcssa,  Conrad,  from  the  Cretaceous  (Ripley  Group)  of  North  Carolina  and  Missis- 
sippi, excepting  that  its  beaks  are  less  flattened  and  a  little  farther  forward,  and  its 
posterior  dorsal  outline,  or  slope,  less  straightened.  Its  anterior  margin  is  also  a  little 
less  narrowly  rounded  in  outline.  I  have  not  seen  its  hinge,  but  cannot  doubt,  from 
its  external  characters,  that  it  belongs  to  Mr.  Conrad's  genus  Cyprinura.  It  may  even 
prove  to  be  only  a  variety  of  the  North  Carolina  species. 

U  The  spvciea  followed  by  (a)  are  fuUy  described  in  another  part  of  this  report. 
Those  folowed  by  (b)  are  describcti.  iu^Vt.  Km^\i  \m^\x\i\\\!^^x<tV^t^, 
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20.  Xeritina  (Dosiia  (?)    hellatula, 

Meek,  (a) 
30.  Neritina     (Dostia  {?)     cardei- 


formiSj  Meek,  {a) 

31.  Eulima  (f )  inconspicua^  Meek,  (a) 

32.  Eulima  chrysalis^  Meek,  (^i) 

33.  Uulitnafunieulaj  Meek,  (a) 

34.  Turritella  CoalviUeims^  Meek,  (a) 

35.  Turritella  apirm^ma,  Meek.  («) 

36.  Turritella  (Aclis  (!)  microneniaj 


Meek,  (a) 


37.  Admete  (i)  rhamboideaj  Meek,  (a) 

38.  An€hurafimformi8jMeek,(b) 

39.  JWii«(iVe2»funea)6a&2^t,Meek.(a) 


BEAR  BIYEB  CITY,   CRETACEOUS. 
Names.  Remarks. 

1.  Ostrea  soleniscus,  Meek Two  thin  layers  almost  composed 

of  it. 

2.  Inoceramtis  prohlematicus^ 

Schloth  (!) Occurs  in  great  nambers. 

3.  Inoceramus. 

4.  Trapezium  mieronemn^  Meek. 

5.  Corbicula  securing  Meek. 

6.  Corbicula  wquilateraliSy  Meek. 

7.  Car-dium. 

FOSSILS  OF  THE  BITTER   CREEK  COAL  SERIES,  WYOMING. 
Names.  Remarks. 

1.  Ostrea  Wyomingensis,  Meek*  .  ..Point  of  Rocks. 

2.  Ostrea  arcuatilis,  Meekt About  two  miles  north  of  Hallville, 

and  at  a  considerably  higher 
horizon ;  also  at  Black  Butte,  still 
higher,  and  three  or  four  miles 
farther  eastward. 

3.  Ostrea Two  miles  below  Ppint  of  Eocks, 

associated  with  Anomia  {f)grypko- 
rhyncUus.  Smaller  and  smoother 
than  the  last. 

4.  Anomia  gryphorhynehm,  Meek*. Same  as  last. 

I 

*  See  descriptions  in  auotber  part  of  this  report. 

tThis  is  constantly  smaller,  narrower,  and  usually  thinner  and  deeper  than  0. 
Tl'i/omiHge*t8id,  and  never  has  its  lateral  marcinSf  toward  the  beaks,  dilated  and  hori- 
zontally fkitteued,  as  iu  that  S)>ocics.  Itwalso  ulflcrs  in  being  sometiuies  curved  up,  or 
arcuate,  along  its  entire  length,  dIoiosC  like  a  Gryjyhaay  tuough  it  is  often  straight 
without  any  curvature  of  the  beaks.  Its  surface  only  shows  rather  obscure  marks  of 
frrowth.  It  is  a  form  I  have  long  been  familiar  with  from  this  region,  and  have  some- 
times referred  to  as  resembling  O.  glabraj  M.  &  H.,  of  the  Upper  Missouri.  A  compari- 
son of  the  better  8|>ccimeus  iound  last  summer,  with  U^gldhra,  shows  it  to  be  quite 
different,  in  being  much  more  attenuate  at  the  beaks,  and  iu  having  a  larger  and 
longer  ligament  area.  I  am  aware  that  the  establishment  of  species  in  the  genus 
09irm  is  onsatisfactory,  but  it  seems  desirable  to  have  a  name  by  which  this  form  can 
be  designated.  « 
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5.  Modiola Eock  Spring  and  Black  Butte,  stri- 
ated species. 
C.  Corbmila  BannxMeri^  Meek* Black  Butte  Station. 

7.  Corbieula  ( Veloritina)  cytherifor- 

mi8y  M.  &  H.  (f ) Point  of  Eocks  and  Black  Butte. 

8.  Corbieula    {Leptestlies)   fracta^ 

Meek Hallville,  just  over  coal-bed. 

9.  Corbieula   (LepU)  fractay    var. 

crasaiu^cula* * Black  Butte,  saurian  bed. 

10.  Corbieula  {Leptesthes)  crassatelli- 

fonniSj  Meek Hallville,  with  C.  frajcta^  in  shale 

over  a  bed  of  coal. 

11.  Corbula  crassateUiformis,  Meekt  .Black  Butte  Station,  in  saurian  bed. 

12.  Corbula  tropidophora.  Meek*  . .  .Two  miles  below  Point  of  Eocks. 

13.  Corbula  undifera^  Meek* Eock  Spring.  ' 

14.  Goniobasis  iiisculpta,' Meek*    . .  .Eock  Spring  and  Point  of  Eocks. 

15.  Melania  {Ooniobasisi)  Wyominr 

•         gennis^ Black  Butte  saurian  bed. 

10.   Vivipara    trocliiformis^    M.    & 

H.  (f ) Black  Butte  saurian  bed. 


TEETIAEY    SPECIES. 

BEAR  RIVER,  ESTUARY  BEDS. 

Names.  Remarks. 

1.  Vnio  prisctis,  M.  &  H. 

2.  Unio  beUiplicatitSj  Meek. 

3.  Corbieula  {Veloritina)    Durleei^ 

Meek. 

4.  Corbula  pyriformiSy  Meek. 

5.  Corbula  Engelmanni,  Meek. 
(k  Goniobasis  chrysalis,  Meek. 

7.  Viriparus  Conradi^  M.  &  H. 

8.  McUhiiho    (Campcloma)    macros- 

jrira,  Meek. 
0.  Bhytophorus  priseuSj  Meek. 


'  See  <le8crintiou8  in  anotlier  part  of  this  report. 

t  This  shell  seems  to  have  exactly  the  form,  and  surface  characters  of  Corbieula  (f) 
(.rat^^'afeUiformiSj  found  ilattened  between  the  Iannua>  of  the  shale  over  one  of  the  coal- 
beds  at  Hallville,  much  lower  in  the  series.  It  is  decidedly  thicker,  however,  and  cer- 
tiiiuly  has  the  hinge  characters  of  Corbula,  It  is  tnie,  I  have  not  seen  clearly  the  hinge 
t>f  the  Hallville  si)eciraens,  but  so  far  as  itcan  be  made  out  it  seems  to  give  indications 
of  a  dili'erent  structure.  Still,  I  suspect  that  good  specimens  from  each  locality  would 
show  that  they  are  not  only  both  Corbulas,  but  that  they  are  sx>ecii]cally  identical, 
though  it  will  be  better  to  keep  them  separate  for  the  x>ri?8ent. 


DESCRIPTIONS  OF  NEW  SPECIES  OF  FOSSILS. 


SILURIAN  FORMS. 
Iphidea  (ft)  sculptilisj  Meek. 

Iliis  fossil  presents  very  much  the  general  appearance  of  the  ventral 
valv#  of  an  Acrotreia,  being  rounded  on  one  side  and  trancated  on  the 
other,  with  the  apex  moderately  prominent,  and  marginal  on  the  trun- 
cated or  posterior  side,  (viewing  it  as  sltl  Acrotretay)  and  with  the  trun- 
cated side  inclined  backward.  It  measures  0.11  inch  in  breadth,  and 
about  the  same  in  length,  with  a  direct  height  to  the  apex  of  0.05  inch. 
Its  surface  has  a  black  shining  appearance,  indicating  a  phosphatic 
composition  like  lAngula^  and  is  marked  by  slender,  interrupted,  rather 
distant,  radiating  raised  lines,  crossed  by  finer,  much  more  crowded, 
and  very  regular,  sharply-defined,  concentric  striae.  So  far  as  can  be 
seen,  there  seems  to  be  no  perforation  in  the  apex. 

On  first  looking  at  these  little  shells,  which  occur  associated  with  a  well- 
defined  Acrotreta^  I  had  not  the  slightest  doubt  that  they  belonged  to  a 
depressed  species  of  that  genus.  By  cutting  away  the  hard  rock,  how- 
ever, from  the  flattened  side,  corresponding  to  the  area  of  Acrotreta,  I 
found  that  there  seems  to  be  there  a  wide,  open,  triangular  foramen, 
so  large  that  only  a  very  narrow,  slightly  flattened  margin,  represent- 
ing a  false  area,  is  seen  inflected  on  each  side.  This  I  have  seen  in  the 
only  two  specimens  in  the  collection  showing  this  side;  and  if  there  is 
notliing  deceptive  about  it,  the  shell  would  certainly  belong  neither  to 
Acrotreta  nor  to  Iphidea.  It  can  only  be  referred  to  Mr.  Billings's  genus 
Iphkleaj  even  provisionally,  on  the  supposition  that,  in  cutting  away  the 
hard  rock  from  the  truncated  side  representing  the  false  area  in  that 
gen  lis,  I  may  have  also  cut  away  the  prominent  pseudo-deltidium,  char- 
acteristic of  that  group.  In  that  case,  however,  the  pseudo-deltidium 
would  be  proportionally  much  wider  than  in  Mr.  Billings's  type,  as  the 
opening  is  decidedly  wider,  as  we  see  it  in  our  shells,  than  the  false  del- 
tiilinm  in  his  species.    This  difference,  however,  might  be  only  specific. 

It  is  quit-e  probable  that,  when  specimens  showing  clearly  all  the 
characters  of  this  shell  can  be  examined,  it  will  be  found  to  belong  to 
an  undefined  genus,  either  of  the  Brachiopoda,  or  of  some  other  group. 
In  this  case  I  would  propose  for  this  genus  the  name  Micromitra. 

I  confess,  however,  that  in  closely  examining  these  little  fossils,  I  have 
not  been  entirely  without  the  suspicion  that  they  may  be  the  terminal 
pieces  of  some  extinct  group  of  the  Chitonidce.  The  inflected  character, 
however,  of  the  margins,  like  a  very  contracted  false  area,  on  each  side 
of  the  opening  of  the  flat  side  of  the  shell,  is  against  this  conclusion; 
but  even  if  they  are  the  terminal  pieces  of  some  chitonoid  type,  the 
chances  are  still  strongly  in  favor  of  its  being  a  new  genus,  for  which 
the  name  suggested  would  be  equally  as  appropriate  as  for  a  Brachiopod. 

Jjocality  and  position, — East  side  of  Gallatin  River,  Montana;  pri- 
mordial zone. 
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AsApnus  (Megalaspis  ?)  go>'iocercus,  Meek. 

Pygidiura  ratber  small  for  a  species  of  this  ^enaa,  moderately  de- 
pressed, trigonal  in  outline,  with  breadth  and  length  abont  as  7  to  9; 
posterior  lateral  margins  slightly  convex  in  oatline,  and  converging 
rapidly  to  the  posterior  extremity,  which  terminates  in  an  abraptly 
attenuated,  slightly  recurved,  i)ointed  projection,  the  under  side  of  which 
is  Hat,  and  the  upper  convex;  mesial  lobe  much  depressed,  or  very 
slightly  higher  than  the  lateral,  and  quite  obscurely  defined  by  the 
nearly  obsolete  dorsal  furrows,  about  three-fourths  as  wide  anteriorly 
as  the  lateral,  and  tapering  backward  and  becoming  obsolete  before 
reaching  the  posterior  extremity,  in  internal  casts  showing  sometimes 
faint  traces  of  nine  or  ten  very  obscure  segments ;  lateral  lobes  gently 
convex,  and  sloping  off  gradually  to  an  obscure  undefined  furrow,  or 
shallow  impression^  near  the  posterior  lateral  margins,  which  art  thus 
made  to  appear  as  if  provided  with  a  slightly-depi-essed  border,  osnally 
appearing  quite  smooth,  or  with  faint  traces  anteriorly  of  one  or  two 
segments,  but  in  some  specimens,  when  examined  carefhlly  in  an 
oblique  light,  traces  of  six  or  eight  segments  may  be  seen.  Sarfece 
smooth. 

Length  of  pygidium,  0.74=  inch ;  breadth,  0.94  inch ;  convexity  at  the 
front,  O.IG  inch. 

The  only  part  in  the  collection  known  to  belong  to  this  species  is  the 
pygidium.  This  is  very  remarkable  for  its  trigonal  form  and  'pointed 
l)osterior  extremity,  much  as  we  see  in  Dalmanites.  It  wants  the 
usually  well-defined  dorsal  furrows  and  segments,  however,  of  that 
genus;  which  smoothness  gives  it  the  aspect  of  A^ripAtM.  The  specimens 
from  which  the  description  was  drawn  up  are  probably  young  indi- 
viduals, as  there  are  fragments  in  the  collection  of  an  Asaphns  of  larger 
size  that  may  belong  to  this  species.  If  an  Asaphus  at  all,  the  form  of 
its  i)ygidium  would  indicate  relations  to  the  group  MeffalaspiSj  one 
species  of  which  (Jlf.  herosy  Dalmann,  sp.)  has  a  similarly-formetl 
pygidium,  but  with  more  numerous  and  very  much  more  strongly-defined 
segments.  I  am  not  aware,  however,  that  any  species  of  that  group  has 
hitlierto  been  found  in  this  country. 

Locality  and  poaiiion. — Near  Maladc  City,  Utah,  from  Lower  Silurian 
beds  of  the  age  of  the  Quebec  Group.    Professor  Bradley. 

Bathyurits  serratus,  Meek. 

Cephalic  shield  rather  distinctly  convex,  semicii-cular,  being  nearly 
twice  as  wide  as  long,  regularly  rounded  in  front,  straight  across  beliiud, 
and  having  the  posterior  lateral  angles  terminating  in  small,  short,  back- 
ward-pointing spines ;  lateral  margins  provided  with  a  narrow,  slighil^v- 
thickened  border,  (sometimes  becoming  nearly  obsolete  just  in  front  of 
the  glabella,)  defined  by  a  shallow  narrow  i'nrrow.  Glal)ella  quite  con- 
vex, with  its  highest  part  near  the  middle,  strongly  de6ned  by  the  dorsal 
turrows,  cylindrical  in  form,  extending  very  nearly  to  the  anterior  mar- 
gin, and  apparently  without  lateral  furrows ;  neck-segment  well  definwl 
by  a  distinct  furrow  passing  entirely  across,  distinctly  arched  upward 
and  a  little  backward  in  the  middle,  where  it  liears  a  small  tul>ercle,  or 
possibly  sometimes  a  short  little  spine,  directed  upward  and  bac^kward; 
continuation  of  neck-furrow  along  the  posterior  margin  of  cheeks  rather 
wide  and  deep ;  fixed  cheeks  comi)aratively  wide  and  convex,  but  lower 
than  the  glabella,  rounding  off  rather  abruptly  laterally.  Eyes  of  mod- 
crate  size,  but  little  arched,  tau^iwg  nearly  parallel  with  each  other; 
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placed  remote  from  the  glabella,  and  about  tbeir  own  len^b  from  tbe 
IK)8terior  margins  of  the  cheeks ;  palpebral  lobes  very  small,  and  lower 
than  the  fixed  cheeks:  movable  cheeks  sloping  abruptly  laterally^ 
facial  sutures  not  clearly  seen  anteriorly,  but  apparently  cutting  the 
margin  nearly  on  a  line  with  each  eye;  while  behiud  they  are  directed 
at  li^t  obliquely  outward  and  backward,  after  which  they  curve  back- 
ward 60  as  to  cut  the  posterior  margin  of  the  head,  just  within  the  inner 
edge  of  the  little  posterior  lateral  spines. 

Thorax  consisting  of  seven  segments;  mesial  lobe  narrow,  rather 
prominent,  and  gradually  tapering ;  lateral  lobes  depressed  or  flattened ; 
pleursd  with  broad,  rounded  furrows.* 

Pygidium  nearly  semicircular,  or  about  three-fifths  as  long  as  wide, 
regularly  rounded  behind,  and  rather  straight  across  in  front,  except- 
ing laterally,  where  the  anterior  margin  rounds  backward  somewhat ; 
qniteconvex,  but  not  so  much  so  as  the  cephalic  shield.  Mesial  lobe  prom- 
inent, cylindrical,  equaling  five-sixths  of  the  entire  length  of  the  pygi- 
dium,  with  an  abrupt  posteriortermination,  rather  decidedly  more  prom- 
inent than  the  lateral  lobes,  and  showing  about  four  obscurely-marked 
segments.  Lateral  lobes  sloping  off  laterally  and  behind,  where  they 
are  provided  with  a  flattened,  somewhat  thickened  margin,  that  is  armed 
by  six  very  short,  small  serrations  on  each  side,  directed  obliquely 
backward ;  each  showing  four  very  obscurely-defined,  broad,  depressed 
segments  that  do  not  extend  out  upon  the  flattened  and  serrated  margin. 

Surface  of  both  cephalic  shield  and  pygidium  showing,  under  a  mag- 
nifier, a  slight  granular  appearance,  as  if  covered  by  minute  projecting 
unequal  grains,  with  smaller  pits  scattered  among  them.  Obscure  traces 
of  striaB  are  also  sometimes  seen  around  the  margin  of  the  cheeks. 

Judging  from  the  imperfect  specimens  seen,  a  medium-sized  entire 
specimen  of  this  siiecies  was  probably  a  little  over  1  inch  in  length,  by  a 
breadth  of  0.70  inch,  and  a  convexity  of  near  0.20  inch. 

The  cephalic  shield  and  pygidium  here  described  are  not  positively 
known  to  belong  to  the  same  species ;  but  judging  from  the  fact  that 
they  occur  associated  together,  and  agree  well  in  size,  convexity,  pro- 
positions, and  particularly  in  the  peculiar  kind  of  surface-granulations,, 
there  is  little  room  for  doubting  that  they  really  belong  to  the  same 
trilobite.  This  conclusion  is  also  strengthened  by  the  fact  that  no  other 
cephalic  shield  and  pygidium  in  the  collection,  not  known  to  belong  to 
other  species,  correspond  with  them  in  these  respects. 

The  pygidium  resembles  one  figured  by  Mr.  Billings  in  his  Palaeozoic 
Fossils  of  the  Canadian  Survey,  page  405,  Fig.  384,  and  doubtfully  re- 
garded by  him  as  belonging  to  a  Dikelocephaltts ;  but  the  serrations  of 
the  margin  in  our  species  are  smaller  and  less  prominent,  the  middle 
lobe  less  elongated,  more  obtuse  behind,  and  has  its  segments  much 
less  distinctly  defined ;  while  the  segments  of  its  lateral  lobes  are  also 
much  more  obscure.  Its  anterior  lateral  angles  are  also  more  rounded 
off.  From  the  similarity  of  the  two,  however,  there  can  be  little  doubt 
that  they  are  allied  species  of  the  same  genus,  in  which  opinion  Mr. 
Billings  fully  concurs  on  examining  casts  of  our  species  sent  to  him. 

It  is  almost  beyond  doubt  that  a  pygidium  figured  by  Angelin,  under 
the  name  Corynexochus  gpinulosusj  (see  Palseontologia  Scandinavien, 
PI.  xxxiii,  Fig.  11,)  belonging  to  the  same  genus  as  our  trilobite ;  and 
this  raises  the  question  whether  I  ought  not  to  refer  our  species  to  that 

*The  specimen  Arom  which  these  characters  of  the  thorax  are  taken  consists  of  a 
mold  of  the  interior  of  the  mesial,  and  a  part  of  one  of  tbe  lateral  lobes,- the  glabeUa*^ 
and  one  of  the  fixed  cheeks,  with  a  part  of  the  pygidium.    It  do«&  wq^.  ^^^  >}DASxft.^ 
ends  of  tbe  plearss. 
31  G  S 
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genns;  liis  species  spinulo8U8j  uot  only  being  his  first  one,  bat  the  only 
one  that  he  refers  to  his  new  genus,  without  a  mark  of  doubt.  On  the 
other  hand,  the  question  is  complicated  by  the  fact  that  his  typical  spe- 
cies is  founded  on  a  separate  head,  divested  of  the  movable  cheeks,  and 
the  detached  pygiduim  alluded  to  above,  which  may,  or  may  not,  belong 
to  the  same  species  or  g;euus  as  the  head  ;  while  in  the  text,  he  places  a 
mark  of  doubt  after  the  reference  to  the  figure  11  of  the  pygidiam,  thus 
showing,  as  one  would  think,  that  he  only  refers  it  doubtfully  to  the 
species  spinuloifus.  Yet,  it  is  evident  that  the  name  spinuUmts  was 
suggested  for  his  first  species  by  this  pygidium,  which  is  armed  with 
small  spines,  while  no  spines  are  known  to  be  connected  with  the  head. 
But  another  diificulty  arises  from  the  fact  that  his  o^en^ric  name  Corynex- 
ochm  seems  to  have  been  suggested  by  the  prominent  davate  char- 
acter of  the  glabella  of  the  head  figured  by  him. 

For  this  latter  I'eason,  and  the  fact  that  the  pygidium  is  only  con- 
nected by  him  doubtfully  with  the  head,  probably  most  authonties 
would  view  the  species  to  which  the  head  belongs  (in  case  the  pygidiam 
appertains  to  another  form)  as  type  of  the  genus.  If  we  adopt  this 
view,  it  would  be  somewhat  doubtful  whether  our  species  could  be  prop- 
erly referred  to  Angelin\s  genus,  since  it«  glabella  is  merely  cylindrical, 
and  not  quite  as  long  as  the  head,  instead  of  widening  out  anteriorly  to 
nearly  twice  its  posterior  breadth,  and  apparently  slightly  overhanging 
the  anterior  margin,  as  in  the  head  figured  by  Angelin. 

If  the  difi'erenee  in  the  form  of  the  glabella  mentioned  above  shoald 
not  be  of  generic  importance,  and  there  should  be  no  well-defined  differ- 
ences in  the  abdominal  parts  of  Angelinas  tyi)e,  (the  abdomen  of  which 
is  unknown,)  then  our  species  would  have  to  be  refeired  to  the  same 
group,  and  take  the  name  Corynexochus  serratus.  It  is,  however,  also 
very  closely  allied  to  Bathyurusy  Billings,  in  most  of  its  known  charac- 
ters. After  examining  ca^ts  of  our  spex^ies,  Mr.  Billings  writes  that  he 
would  uot  be  willing  to  separate  it  generically  from  B.  extans^  the  type 
of  his  genus ;  though  he  admits  that  some  difi'erences  in  the  abdominal 
I)arts,  to  which  I  had  called  his  attention,  are  rather  marked.  These 
are  the  presencje  of  only  seven  body-segments  in  our  type,  instead  of 
nine,  as  in  B,  extans,  and  the  other  known  species  of  Bathyurtut ;  while 
the  plural  furrows  in  our  si>ecies  are  very  broad  and  rounded,  instead 
of  narrow  and  sharply  cut  as  in  typical  Bathyurus,  The  serrated,  or 
spinuliferous  character  of  the  pygidium,  in  the  form  under  considera- 
tion, is  another  difference,  though  probably  of  less  importance.  Mr. 
Billings,  however,  writes  that  he  has  several  new  species  (all  from  the 
Lower  Potsdam;  showing  this  character;  which  fact  would  seen;  to 
argue  that  there  may  be  a  group  characterized  in  part  by  this  pecu 
liarity. 

From  all  the  facts,  I  should  certainly  be  disposed  to  separate  our 
type  at  least  subgenerically  from  Bathyitrus,  were  it  not  for  the  doubts 
that  still  remain  in  regard  to  its  relations  to  CorynexochvH  of  Angelin, 
w-hich,  I  should  have  remarked,  would  have  to  take  precedence  over 
Bathyiwufs,  if  founded  on  a  congeneric  type,  because  it  was  published  in 
1854,  and  Bafhyunai  in  1859. 

Locality  and  poHiiion. — East  side  of  Gallatin  River,  above  Oallatin 
City,  Montana  Territory.    PotMam  Group  of  the  primordial  zone. 

Bathyukus  ?  Haydeni,  Meek. 

General  form  oval,  rather  depressed ;  outline  of  cephalic  shield  un- 
knovfu.    Glabella  narrow  subcylindrical,  most  convex  near  the  middle, 
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rather  well  defined  by  the  dorsal  ftirrows,  abont  twice  as  long  as  wide, 
with  the  anterior  end  sometimes  apparently  very  slightly  expanded; 
neck  segment  projecting  somewhat  backward,  ronnded  in  outline  behind, 
and  nearly  as  high  in  the  middle  as  the  glabella  in  front  of  it ;  neck 
furrow  narrow,  rather  well  defined,  passing  entirely  across,  and  continued 
much  wider  and  deeper  across  the  i)osterior  margin  of  each  cheek ;  lat- 
eral farrows  consisting  of  foar  pairs,  the  posterior  pair  commencing  a 
little  behind  the  middle  and  extending  very  obliquely  backward  sind 
inward  to  a  point  about  the  breadth  of  the  neck  furrow  in  advance  of 
the  same,  where  they  either  become  obsolete,  or  apparently  sometimes 
almost  connect  across  by  a  shallow  transverse  furrow;  succeeding 
pairs  in  front  very  short  and  transverse,  the  anterior  ones  being  some- 
times rather  obscure ;  fixed  cheeks  moderately  wide,  or  equaling,  at  the 
posterior  end  of  the  eyes,  half  the  breadth  of  the  glabella  opposite  the 
same  point,  rather  convex,  but  lower  than  the  glabella;  x)alpebral  lobes 
very  narrow,  or  merely  appearing  as  little  slightly  raised  rims  at  the 
margins  of  the  fixed  cheeks,  i'rom  which  they  are  separated  by  a  linear 
furrow.  Eyes,  as  determined  from  the  palpebral  lobes,  about  two-thirds 
as  long  as  the  breadth  of  the  glabella,  slightly  arched,  and  somewhat  con- 
verging forward,  situated  their  own  length  in  advance  of  the  posterior 
margin  of  the  head,  and  two-thirds  this  distance  at  their  posterior  ends 
from  the  glabella.  Facial  suture  in  front  of  the  eyes  unknown,  bat 
behind  them,  directed  at  first  for  a  very  short  distance  nearly  backward, 
then  curving  abruptly  outward,  parallel  to  the  posterior  margin  of  the 
cheeks,  and  extending  nearly  to  the  posterior  lateral  angles,  where  they 
curve  obliquely  backward  and  outward  so  as  to  cut  the  posterior  mar- 
gin near  these  angles. 

Thorax  consisting  of  nine  segments;  axial  lobe  very  narrow,  or  only 
abont  two-thirds  as  wide  as  each  of  the  lateral,  tapering  gradually  back- 
ward, and  moderately  convex;  lateral  lobes  flattened,  and  lower  than 
the  axial ;  pleurje  broadly  and  deeply  furrowed,  and  having  their  free 
ends  apparently  falcate. 

Pygidium  intermediate  between  semicircular  and  semielliptical,  its 
length  being  about  two  thirds  its  breadth,  while  its  posterior  margin  is 
rounded  in  outline,  and  its  anterior  nearly  straight  across;  mesial  lobe 
as  narrow,  proi)ortionally,  as  that  of  the  thorax,  convex,  tapering  very 
gradually  backward,  and  nearly  reaching  the  posterior  border,  sbowing 
five  or  six  well-defined  segments,  with  space  enough  for  one  or  two 
more  behind  those ;  lateral  lobes  flat,  with  five  or  six  broadly  furrowed 
segments  that  extend  to,  but  not  upon,  a  very  narrow,  slightly  thickened 
and  flattened,  smooth  margin. 

Entire  surface  smooth,  or  only  showing  very  fine  granulations  under 
a  magnifier. 

Length  of  an  entire  specimen  1.15  inches,  breadth  about  0.70  inch. 

Although  J  refer  this  species,  provisionally,  for  the  present,  to  the 
genus  Bathyurus,  I  really  do  not  think  that  it  properly  belongs  to  that 
genus,  as  illustrated  by  the  typical  species  B.  extans.  In  the  propor- 
tional size  of  its  head,  thorax,  and  pygidium,  as  well  as  in  the  number 
of  its  body  segments,  it  agrees  with  that  genus ;  and  its  glabella,  though 
narrower  and  more  strongly  as  well  as  somewhat  dift'erently  lobed,  is 
not  otherwise  very  different ;  while,  so  far  as  known,  its  facial  sutures 
seem  to  agree  in  most  respects.  The  general  flatness  of  the  whole  ani- 
mal, however,  a.s  well  as  the  narrowness  of  its  axis,  and  particularly  the 
different  type  of  its  large  rounded  pleural  furrows,  (those  of  B.  extans 
being  narrow  and  reguhup,)  are  strongly  marked  featurea,  ^sVAaXi^  '^xWsl 
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the  diffcrcDcos  mentioned  in  its  glabella,  seem  to  separate  it  firom  that 
genus. 

In  the  narrowness  of  its  axis^  and  the  nature  of  its  pleurte  and  pleu- 
ral furrows,  it  agrees  exactly  with  Conocoryphe ;  and  even  in  its  cylin- 
drical glabella,  and,  indeed,  in  most  of  the  characters  of  its  head,  so  far 
as  known,  it  agrees  pretty  well  with  some  species  of  the  section  Ptycho- 
paria,  (see  Conocor.  (Ptychoparia)  sU-iatus,  Pig.  7,  PL  xiv,  Barrande's 
Trilobites  of  Bohemia.)  The  comparatively  large  size  of  its  pygidium, 
however,  and  especially  its  much  smaller  number  of  body  segments,  (9 
iustead^of  14,)  at  once  separates  it  from  any  section  of  that  genus  as  now 
understood.  In  some  of  its  characters  it  seems  tp  show  afiiuities  to  cer- 
tain types  of  Ogyffia.  That  is,  in  the  general  flatness  of  its  form,  its 
narrow  axis,  and  the  form  and  furrows  of  its  glabella;  but  it  differs  in 
having  niue  instead  of  only  eight  body  segments;  while  its  pleural 
furrows  are  of  a  different  type,  and  its  eyes  are  smaller,  much  less  arcuate, 
and  more  remote  from  the  glabella.  Its  facial  sutures,  although  not 
clearly  seen  in  any  of  the  specimens,  in  front  of  the  eyes,  were  probably, 
judgiug  from  some  indications,  not  so  diverging  anteriorly. 

If  further  comparisons  should  show  it  to  be  generically,  or  subgener- 
ically,  distinct  from  all  of  the  groups  mentioned,  as  I  believe  it  to  be,  it 
may  be  designated  by  the  name  Bathyuriscus. 

The  specific  name  is  given  in  honor  of  Dr.  F.  V.  Hayden. 

Locality  and  position. — East  side  of  Gallatin  Biver,  above  Oallatin 
City,  Montana.    Potsdam  or  Primordial  group. 

Bathyurellus  (AsAPmscus)  Bradleyi,  Meek. 

The  best  specimens  of  this  species  I  have  seen,  consist  of  the  central 
parU  of  the  cephalic  shield,  separated  from  the  movable  cheeks.  These 
parts  may  be  described  as  follows : 

Glabella  moderately  and  evenly  convex,  nearly  oblong  or  truncato- 
subconical  in  outline,  being  a  little  narrower  at  the  front  than  behind, 
and  truncated  anteriorly,  with  the  anterior  lateral  angles  rounded; 
exclusive  of  the  neck  segment,  one-sixth  to  one-seventh  of  its  length 
longer  than  wide ;  sides  slightly  convex  in  outline  or  nearly  straight, 
and  converging  gently  forward  from  near  the  middle,  well  but  not 
dee[)ly  defined  by  the  dorsal  furrows,  which  are  narrow,  and  continue 
around  the  front;  lateral  furrows  wanting,  or  apparently  sometimes 
very  obscurely  indicated  by  two  or  three  pairs  of  extremely  faint 
indentations.  Neck  furrows  nari'ow,  but  distinct,  extending  entirely 
across,  and  continued  more  strongly  defined  across  the  posterior  mar- 
gins of  the  cheeks.  Neck  segment  rather  wide  in  its  anteroposterior 
diameter,  and  flattened  in  this  direction,  but  transversely  arched  so  as 
to  be  nearly  a«  high  at  its  middle  as  the  glabella.  Anterior  extension 
or  limb,  moderately  produced,  or  equaling  one-third  the  length  of  the 
glabella,  (exclnsivc  of  the  neck  segment,)  sloping  gently  forward  from 
the  anterior  end  of  the  glabella  for  about  half  way  to  the  front,  where 
there  is  thus  formed  a  transvei'se  furrow  from  which  it  rises  obliquely 
forward  in  the  ibrm  of  a  nearly  flat  marginal  rim.  Palpebral  lobes 
comparatively  large,  or  constituting  all  there  is  of  the  fixed  cheeks, 
lunate,  or  sub-semicircular  in  form,  depressed  below  the  horizon  of  the 
glabella,  from  which  they  are  only  separated  by  the  dorsal  furrows, 
each  occupied  by  a  lunate  slightly  convex  central  portion,  (which  might 
be  viewed  as  minute  fixed  cheeks,)  separated  from  the  outer  margin  by 
a  shallow  furrow.  Eyes,  as  determined  by  the  palpebral  lobes,  about 
four  sevenths  as  long  as  the  glabella,  exclusive  of  the  neck  segment, 
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moderately  arcuate,  and  ranging  parallel  to  each  other,  and  to  the 
longer  axis  of  the  glabella,  their  posterior  ends  extending  back  nearly 
as  far  as  the  position  of  the  neck  furrow.  Facial  suture  starting  from 
the  anterior  ends  of  the  eyes,  close  in  to  the  dorsal  furrows  and  diverg- 
ing forward  to  the  transverse  furrow  of  the  anterior  extension  or  limb, 
where  they  are  a  little  wider  apart  than  the  widest  portion  of  the 
glabella,  while  beyond  this  they  appear  to  curve  a  little  inward  as  they 
approach  the  anterior  margin.  Posteriorly  they  curve  parallel  to  the 
posterior  margins  of  the  cheeks,  as  far  as  they  have  been  traced.  Sur- 
face smooth. 

Length  of  cephalic  shield,  0.90  inch :  length  of  glabella,  exclusive  of 
neck  segment,  0.53  inch  ;  length  including  same,  0.65  inch ;  breadth  of 
glabella  at  widest  part,  0.45  inch  ;  length  of  palpebral  lobes,  0.33  inch. 

I  refer  this  species  merely  provisionally,  for  the  present,  to  the  group 
Asaphiscus^*  because  I  am  only  acquainted  with  it  in  the  condition  of 
fragments.  Its  glabella  is  slightly  more  convex  and  rather  decidedly 
less  conical  than  in  the  type  of  that  group  ;  while  its  eyes  are  larger 
and  closer  in  to  the  dorsal  furrows  defining  eaeh  side  of  the  glabella, 
and  its  neck  furrow  narrower  and  rather  more  sharply  defined.  There 
may  be  more  important  difterences  in  other  parts,  if  we  had  the  means 
of  comparison  ;  but  as  those  mentioned  seem  to  be  all  suo.h  as  may  be 
merely  specific,  it  most  probably  belongs  to  the  group. 

At  a  first  glance  this  species  reminds  one  of  the  figure  of  Bathyurus 
capaxy  Billings,  which  was  also  founded  upon  the  corresponding  parts 
of  the  head.  It  may  be  at  once  distinguished,  however,  by  the  greater 
extension  of  its  anterior  margin  in  front  of  the  glabella,  as  well  as  by 
its  larger  palpebral  lobes  (and  consequently  the  eyes  also)  being  situated 
farther  back,  and  much  closer  inward  to  the  sides  of  the  glabella. 

Locality  and  position. — Near  Malade  City,  Northern  Utah.  Quebeo 
group  of  the  Lower  Silurian. 

CoNOCORYPHE  (PTYcnopARiA)  Gallatinensis,  Meek. 

Cephalic  shield  approaching  semicircular.  Glabella  conical-subovate, 
nearly  three-fourths  as  long  as  the  cephalic  shield,  widest  just  in 
front*^  of  the  neck  furrow,  where  its  breadth  about  equals  four-fifths  of 

*  This  jfTOup  is  foanded  on  Amphucus  Wheelerif  a  Dew  species  discovered  by  Lieo- 
teiiaut  G.  M.  Wheeler,  of  United  States  Toiwgraphical  Engineers,  in  the  primordial 
rocks  near  Antelope  Springs,  Utah.  It  is  nearly  allied  to  BathyurtUuSf  Billings,  and 
will,  it  is  thonp:bt  by  tliat  gentleman,  include  a  part  of  the  species  referred  by  him 
provisionally,  from  imperfect  specimens,  to  the  same.  It  differs,  however,  from  the 
tjcpical  forms  of  that  genns,  in  having  its  conical  glabeUa  decidedly  depreaaedf  and  the 
niargiu  of  the  head  in  front  of  it,  iirst  conveic  and  sloping  forward  into  a  deep  trans- 
verse mesial  furrow,  then  rising  in  the  form  of  a  convex  margin  to  the  front.  The 
mesial  lobe  of  its  pygidinm  is  also  proportionally  longer,  and  the  free  margins  of  the 
same  mnch  narrower  and  less  flattened  and  alate.  It  probably  only  forms  a  snbgenns 
cinder  BathyureUus,  From  Asaphus^  with  which  it  agrees  in  general  form  and  propor- 
tions, it  dilYers  in  it«  decidedly  conical,  well-delined  glabella,  without  lateral  furrows 
or  lobes,  the  extended  and  transversely  furrowed  charactei'  of  the  anterior  margin  of 
its  head,  its  less  arcuate  eyes  placed  more  remote  from  the  ^j^labella;  and  particularly 
in  having  nine  body  segments,  instead  of  only  eight.  As  in  Awtphuf,  its  plennc  are 
distinctly  furrowed,*  but  they  are  more  pointeil  than  is  usual  in  that  genus,  though  not 
falcate.    Its  surface  is  smooth. 

The  generic  and  specific  characters  will  be  given  in  full,  with  illustrations,  in 
Lieutenant  Wheeler's  Report. 

Several  American  species  with  a  similar  depressed,  conical  glabella,  without  traces 
of  lateral  furrows  or  lobes,  have  been  described  from  more  or  less  complete  specimens 
of  the  head,  under  the  name  ConoccphalHea,    It  is  evident,  however,  from  its  smaller 
number  of  body  segments,  large  pygidinm,  and  diflerently  formed  x>lural  gcooviiA^ \^v^X» 
Asaphiscus  is  entirely  distinct  from  that  group. 
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its  length,  rounded  anteriorly,  rather  distinctly  convex,  and  well  defined 
by  rather  deep  dorsal  furrows  that  are  continued  around  its  front ^ 
lateral  furrows,  (as  seen  in  casts  of  the  interior,)  consisting  apparently 
of  three  to  four  pairs,  the  posterior  pair  stai:ting  at  one-third  to  one-half 
the  length  of  the  glabella  in  advance  of  the  posterior  side  of  the  neck 
segment,'  and  ranging  obliquely  backward  and  inward,  but  not  connect- 
ing across  the  middle  ;•  succeeding  furrows  very  obscure,  or  in  part 
(anterior  ones)  obsolete,  short,  and  nearly  transverse,  or  but  slightly 
oblique ;  rostral  margin  equaling  about  one-half  the  length  of  the  gla- 
bella, exclusive  of  the  neck  segment,  sloping  at  first  forwanl  from  near 
the  iiirrow  around  the  front  of  the  glabella  to  a  deep,  nearly  mesial, 
transverse  fun'ow,  from  which  it  rises  obliquely  forward  in  the  form  of 
a  slightly  convex,  or  somewhat  flattened  border,  that  is,  a  little  arched 
transversely ;  neck  segment  arched  so  as  to  be  nearly  or  quite  as  high 
in  the  middle  as  the  glabella ;  neck  furrow  well  defined  entirely  across, 
but  deepest  on  each  side,  and  continued  deeper,  and  sharply  defined 
across  the  posterior  margins  of  the  cheeks;  fixed  cheeks  comparatively 
wide,  or  more  than  half  the  breadth  of  the  glabella  near  its  middle, 
rather  distinctly  convex,  but  lower  than  the  glabella,  bearing  well-defined 
ocular  ridges  that  extend,  with  a  slight  curve,  outward  and  a  little 
obliquely  backward  I'rom  near  the  anterior  end  of  the  glabella  to  the 
front  of  the  eyes;  free  cheeks  unknown  ;  palpebral  lobes  very  narrow, 
or  only  appearing  as  little  raised  rims  on  the  margins  of  the  fixed  checks, 
from  which  they  are  defined  by  small  furrows.  Eyes,  as  determined 
from  the  palpebral  lobes,  about  half  as  long  as  the  breadth  of  the  gla- 
bella, from  which  they  are  rather  remotely  situated  near  their  own  length 
in  advance  of  the  posterior  margin  of  the  cheeks,  moderately  arched  and 
somewhat  converging  forward.  Surface  nearly  smooth,  or  only  finely 
granular.    Other  parts  unknown. 

Entire  length  of  cephalic  shield,  0.43  inch  ;  breadth  of  cephalic  shield, 
unknown  ;  length  of  glabella,  including  neck  segment, 0.^1  inch;  breadth 
of  glabella,  ().li2  inch  ;  breadth  across  cheeks  and  glabella,  between  an- 
tcri(M*  ends  of  eyes,  O.IG  inch. 

This  species  is  evidently  closely  allied  to  Conoeort/phe  (Conocephalites) 
teucre,  Billings,  and  C,  BUlingHi^  Shnmard,  but  ditlers  from  both  rather 
decidedly  in  not  having  the  lateral  furrows  of  its  glabella  curved  back- 
ward, the  middle  and  anterior  ones  being  nearly  transverse,  while  none 
of  the  specimens  show  any  traces  of  the  tubercle  on  the  neck  segments 
seen  in  those  species.  Such  a  dift'erenco  would  also  almost  certainly  be 
found  to  be  accompanied  by  others  of  equal  or  greater  importance  if 
we  had  the  means  of  comparing  other  parts. 

Among  the  associated  specimens  there  are  several  others,  consisting 
of  the  glabella,  fixed  cheeks,  and  rostral  margin,  that  agree  well  with 
the  tyi)ical  specimens  of  the  species  here  proposed,  excepting  that  they 
have  the  glabella  somewhat  more  convex,  and  the  rostral  margin  in  front 
of  its  transverse  furrow  liattened  and  horizontal,  or  even  slightly 
sloping  forward,  instead  of  a  little  convex,  and  rising  obliquely  forward. 
The  lateral  furrows  of  the  glabella  in  these  arc  usually  obscure,  but 
nearly  as  in  the  typical  form,  excepting  that  I  have  not  been  able  to 
make  out  clearly  more  than  three  pairs.  The  fourth,  or  anterior,  pair, 
however,  are  exceedingly  obscure,  or  nearly  obsolete  in  the  typical  form. 

Another  variety  or  species  agrees  with  tlie  last,  excepting  in  showing 
a  few  very  scattering,  much  coarser,  projecting  granules  over  the  sur- 


*  Ortoii  tlu*n^  apprjins  to  W  a  small,  obscure  tubtMcle  at  tho  outer  t'ud  of  each  of  ihe 
poatvnur  lateral  liurowb  of  tho  glabella,  just  wilhiu  the  doraal  furrowa. 
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face,  four  pairs  of  them  forming  two  longitudinal  rows  along  the  gla- 
bella, while  the  entire  surface  between  these  is  very  minutely  granular 
as  in  the  last. 

There  are  also  numeroas  other  smaller  specimens  agreeing  with  the 
last  two,  excepting  that  they  show  generally  but  the  most  feeble  traces 
of  lateral  furrows  in  the  glabella. 

It  is  possible  that  some  of  these  specimens  may  differ  specifically 
ttom  the  type  of  the  species  here  proposed,  but  I  am  at  present  inclined 
to  regard  them  all  as  only  difierent  varieties  and  ages  of  the  same. 

One  of  the  specimens  associated  with  the  others  consists  of  portions 
of  the  cephalic  shield  crushed,  and  most  of  the  thorax  consisting  of 
twelve  of  the  bo<ly  segments.  This  shows  the  axial  lobe  to  be  nar- 
rower than  the  lateral,  quite  convex,  gradually  tapering  posteriorly,  and 
rather  strongly  defined  by  the  dorsal  furrows.  The  lateral  lobes  are 
depressed,  sloping  outward  from  the  middle,  and  composed  of  rather 
strongly  furrowed  pleuraB,  the  furrows  extendingstraightoutward  at  right 
angles  to  the  axis.  It  does  not  show  the  form  of  the  free  ends  of  the 
pleurse.  Surface  nearly  smooth,  or  only  very  minutely  granulated. 
This  specimen  may  or  may  not  belong  to  the  species  here  named. 

If  the  name  Conooephalites  should  be  retained,  with  the  limits  usually 
allowed  this  group  of  trilobites,  of  course  our  s])ecies  would  have  to  be 
called  Conocephulites  GallatinenMs,  As  Ganocephalus^  first  proposed  by 
Dr.  Barrande,  had  been  previously  used  for  a  genus  of  insects,  however, 
and  Gorda  had  proposed  the  name  Conocoryphe  before  Dr.  Barrande 
changed  his  name  to  Conoccphalites,  it  seems  to  me  that  (Jorda's  name 
will  have  to  stand.  It  will  also  be  observed  that  there  are  two  strongly- 
marked  types  included  in  the  gr nus  by  Dr.  Barrande.  That  is,  one 
without  eyes,  and  having  the  facial  sutures  forming  such  very  different 
curves  as  to  give  the  free  and  fixed  cheeks,  as  well  as  the  frontal  limb, 
entirely  different  outlines  and  proportions  from  those  of  the  other  type, 
which  has  well-developed  eyes.  The  first  of  these  groups  is  represented 
by  0.  Sulzeri and  the  latter  by  C.  striatva,  Corda, however,  separated  t  heso 
types  into  two  distinct  genera,  placing  C.  iSulzeri  in  his  genus  Conoco- 
ryphe and  C.  siriatus  in  his  genus  Ptycfiaparia.  I  have  not  his  work  at 
hand  for  reference,  but  I  infer  from  Dr.  Barrande's  citations  that  the  two 
species  mentioned  were  so  arranged  by  Corda  that  they  may  each  be 
regarded  as  typical  of  one  of  these  groups.  If  so,  it  certainly  api>ears 
that  both  of  his  names  ought  to  be  retaineil,  at  least  in  a  subgeneric 
sense.  In  this  case  it  will  be  observed  that  nearly  all  of  the  numerous 
species  hitherto  de.cribed  in  this  country  would  fall  into  the  group 
Ftychopariaj  as  they  all,  with  perhaps  the  exception  of  C.  Mattheioi, 
Hartt,  and  one  or  two  others,  seem  to  have  been  provided  with  well- 
developed  eyes,  and  agree  in  other  respects  generically  with  C,  siriatus. 
Adopting  this  view,  the  name  of  my  C.  Kingii  becomes  0.  (Ptychoparia) 
Kingiij  and  so  on  through  nearly  the  whole  list  of  American  species  yet 
known. 

Locality  and  position. — East  side  of  Gallatin  lliver,  above  Gallatin 
City,  Montana,  Potsdam  or  Primordial  Zone. 

CBETACEOUS  FORMS. 

OSTEEA  SOLENISCUS,  Mcck. 

Ostrea  soleniscus,  Meek,  1870 ;  Hayden's  Geological  Report,  Wyoming,  &c.,  page  296, 

List  Cretaceous  species. 

Shell  attaining  a  large  size,  becoming  rather  thick  \tv  ^i^wW^'s.wKc^^s*^ 
generally  straight;  greatly  elongated,  and  coii\\)v\ta\.\v^\^'  \^^^  'w^irt^^^^ 
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with  parallel  lateral  margins.  Lower  valve  with  moderate  internal  con- 
cavity, and  having  the  appearance  of  a  little  gutter,  or  elongated  trough ; 
beak  usually  nearly  straight,  rather  obtusely  pointed,  and  more 
or  less  distorted  by  the  scar  of  attachment ;  ligament  area  of  moderate 
size,  strongly  striated  transversely,  and  provided  with  a  large,  deep 
longitudinal  furrow ;  surface  apparently  only  with  moderately  distincl» 
marks  of  growth.  Upper  almost  nearly  flat  externally,  but  nearly  as 
concave  as  the  other  within ;  beak  usually  a  little  truncated  ;  ligament 
area  marked  with  strong  transverse  strisB,  and  having  its  mesial  ridge 
very  prominent,  and  occupying  as  much  as  one-third  its  breadth ;  sur* 
lace  as  in  the  other  valve,  or  perhaps  a  little  smoother. 

Length  of  adult  examples  about  eighteen  inches ;  breadth  of  same 
about  2.50  to  3  inches. 

Although  not  a  very  uncommon  species,  I  have  seen  no  entire  speci- 
mens of  this  remarkable  shell.  It  will  be  readily  known  by  its  unusually 
narrow,  eiongated,  and  generally  straight  form.  The  shell  is  usually 
found  broken  into  several  pieces,  but  casts  of  the  internal  cavity  are 
not  uufrequently  met  with  entire.  One  of  these  now  before  me  is  nearly 
one  foot  in  length  and  only  2  inches  in  breadth.  It  often  had  a  curious 
habit  of  growing  in  groups  of  throe  shells,  attached  to  each  other  by 
the  backs  of  their  beaks.  I  have  seen  large  numbers  of  them  closely 
arranged,  or  nearly  in  cont>act  with  each  other,  at  Ooalville,  all  with 
their  beaks  downward,  or  at  right  angles  to  the  planes  of  the  sandstone 
strata.  When  found  where  it  has  grown  isolated,  the  shell  is  sometimes 
arched  to  one  side. 

Locality  and  position. — ^This  species  ranges  through  nearly  the  whole 
.thicknessof  the  Cretaceous  sandstones  near  Coalville,  Utah,  and  is  also 
found  in  the  Cretaceous  coal-bearing  sandstones  at  Bear  Biver  City, 
Wyoming,  as  well  as  in  a  sandstone  ridge  of  same  age  on  Union  PacLflc 
Eailroad,  a  few  miles  east  of  the  latter  locality. 

OsTBEA  ANOMiomES,  Meek. 

Shell  rather  small,  very  thin,  depressed-plano-convex,  and  without 
any  visible  scar  of  attachment,  varying  from  ovate  to  circular ;  rounded 
or  sometimes  a  little  straightened  on  the  hinge  margin ;  beaks  scarcely 
projecting  beyond  the  outline  of  the  cardinal  margin.  Lower  valve 
very  shallow ;  curtilage  pit  unusually  small,  shallow,  and  short.  Upper 
valve  almost  perfectly  flat ;  cartilage  attachment  even  shorter  than  that 
of  the  other  valve,  and  slightly  convex  on  its  inner  margin.  Muscular 
scars  unknown ;  surface  of  both  valves  with  small  regular  concentric 
wrinkles  most  distinctly  marked  on  the  (ientral  region. 

Greatest  diameter  of  one  of  the  largest  oval  specimens,  1.70  iuohes; 
breadth,  1.40  inches  ;  convexity,  0.23  inch. 

This  species  is  remarkable  for  the  thinness  of  the  shell,  the  slight  con- 
cavity of  the  under  valve,  and  the  flatness  of  the  upper,  as  well  as  for 
its  rounded  or  slightly  straightened  cardinal  margin, -and  the  absence 
of  any  scar  of  attachment,  or  of  any  traces  of  muscular  impressions 
within.  These  external  characters,  and  the  regular  small  concentric 
wrinkles,  give  the  exterior  of  the  lower  valve  of  circular  specimens  some- 
what the  appearance  of  a  Lucina  or  Dosinia]  while  in  other  individuals 
it  looks  more  like  an  Anomla  or  Plaeuna, 

Locality  and 2>osition. — Missouri  lliver,  below  Gallatin  City,  Montana. 
Cretaceous. 


QEOLOGICAL  8UBVEY   OF   THE   TEJEUKITORIES  4:89 

Aticula  (Pseudopteba)  pbopleuba,  Meek. 

Shell,  as  determiDed  from  a  left  valve,  obliquely  ovate-sabtrigonal, 
moderately  convex  aloug  the  oblique  umbonal  ^ope  in  front  of  the  mid- 
dle, and  compreBsed  cuneate  behind ;  posterior  margin  with  its  general 
outiine  nearly  vertical  and  slightly  straightened  along  the  middle,  thence 
extending  obliquely  upward  and  a  little  forward,  with  a  very  faint  sinu- 
osity above,  to  the  hinge,  which  it  -meets  at  an  obtuse  angle,  while  it 
rounds  rather  abruptly  into  the  more  or  less  rounded  base  below  ;  an- 
tenor  margin  ranging  obliquely  backward  and  downward  nearly  parallel 
to  the  umbonal  slo[>e,  faintly  retreating  near  the  middle,  and  from  this 
upward  to  its  connection  with  the  anterior  end  of  the  binge,  ])rojecting 
slightly  in  the  form  of  a  small,  short,  flattened  auricle,  tbat  is  less  than 
rectangular  at  its  extremity  above,  and  undeiined  by  any  marginal  sinus 
.  below ;  hinge-line  of  moderate  length,  but  not  extending  quite  as  far 
back  as  the  margin  of  the  valve  below  it ;  posterior  dorsal  region  flat- 
tened, though  not  forming  a  prox)er  alation';  beak  rather  pointed, 
scarcely  rising  above  the  hinge,  rather  obli(]ue  and  placed  very  near  the 
anterior  end  of  the  hinge,  but  not  quite  terminal.  Surface  ornamented 
by  moderately  distinct  lines  of  growth  which,  on  the  anterior  part  of 
the  valve,  are  crossed  by  seven  or  more  slender  raised  radiating  lines, 
and  one  stronger  rib  that  extends  along  the  umbonal  slope  so  as  to  give 
it  a  slightly  angular  appearance,  while  very  faint  traces  of  fine  radiat- 
ing strise  are  sometimes  seen  on  other  parts  of  the  valve.  Eight  valve 
and  hinge,  and  interior  of  both  valves,  unknown. 

Height,  measuring  at  right  angles  to  the  hinge,  0.90  inch ;  length  of 
hinge,  about  0.75  inch ;  greatest  anteroposterior  diameter  parallel  to 
hinge,  about  0.8o  inch ;  length,  measuring  from  the  beak  obliquely  to 
the  most  prominent  part  of  the  posterior  basal  margin,  1.20  inches; 
convexity,  about  0.23  inch. 

This  species  aj)pears  to  belong  to  a  group  of  American  and  European 
Cretaceous  aviculoid  shells  that  seem  to  me  to  be  suliiciently  distkiet 
from  the  typical  forms  of  Aviculu  (Pteria)  and  Meleagrina  to  stand  to- 
gether, at  least  as  a  separate  subgenus.  They  difl'er  from  the  t>  pical 
forms  of  Avicula  in  having  no  extended  alations  or  defined  byssal  sinus 
in  either  valve,  as  well  as  in  presenting  a  peculiar,  more  or  less  obliquely 
rhombic,  or  subtrapeziform  outline.  The  hinge  and  interior  of  these 
shells  are  unknown  to  me,  but  the  former  seems  not  to  be  provided  with 
a  gaping  cardinal  area,  the  cardinal  edges  being  thinner  and  compressed. 
Avicula  anomaliij  of  Sowerby,  (1830,)  as  illustrated  by  d'Orbigny,  in 
Palont.  Fiancaise,  Ter,  Oret.,  Tome  iii,  PI.  302,  may  be  regarded  as  the 
type  of  this  section,  for  which  .1  would  propose  the  name  Psetidoptera, 
It  includes  in  addition  to  Avicula  (Pseudoptera)  anomala^  Sowerby,  Avi- 
cula {Pneudopttra)  raricosta,  Iteuss,  and  Avicula  (Pseudapte^^a)  Jibrosa^ 
Meek  and  Hayden. 

The  two  species  here  described  are  only  referred  to  this  group  pro- 
visionally, tUs  their  right  valves  are  not  yet  certainly  known.  There  are 
some  reasons,  however,  mentibned  farther  on,  for  suspecting  that  this 
valve  may  have  a  deep  byssjd  sinus  in  one,  if  not  both,  of  these  si)ecies. 
If  this  should  be  found  to  be  the  case,  they  cannot  be  [)roi)erly  referred 
to  the  above-mentioned  group,  but  would  fall  into  a  group  for  which 
Stoliczka  has  proposed  the  name  Ulectroma,  typified  by  the  recent  si>e- 
cics  Avicula  smaragdina^  Iteeve,  and  thus  have  to  take  the  name  Avicula 
(Electroma)  proplevra^  and  A,  [Elcctroma)  rhytophora.  Should  Scopoli's 
name  Pteria^  however,  replace  Avicula^  as  I  believe  the  rules  of  uov\\vi,\ir 
clature  will  require,  and  the  section  to  which  the&i^  s\i^\\^\i^\ovk^,\iitvs^- 
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erly  fall  into  that  genus,  either  as  a  sabgenns  or  otherwise,  then  the 
iiame  Pteria  will  have  to  be  substituted  for  Avieula  in  connection  with 
these  species. 

Locality  and  ^9i^H.-!-Ooa1ville,  Utah ;  from  white  sandstone,  250 
feet  above  the  lower  heavy  bed  of  coal,  mined  at  that  place. 

AVICULA  (PSEUDOPTERA)  RHYTOPHORA,  Meek. 

Shell,  as  determined  from  a  left  valve,  but  slightly  oblique,  rhombic- 
suboblong,  and  nearly  twice  as  high  as  wide  in  adult  examples,  but 
proportionally  broader  and  subtrigonal  in  young  specimens;  ftioder- 
ately  convex,  the  greatest  convexity  being  toward  the  interior  side, 
along  the  umbonal  slope,  which  appears  to  bo  angular,  thence  cuneate 
posteriorly,  and  more  or  less  deflected  inward  anteriorly;  hinge  line 
very  nearly  equaling  the  greatest  antero-posterior  diameter,  and  rang- 
ing at  an  angle  of  about  70<^  to  the  umbonal  axis ;  posterior  margin 
nearly  straight,  or  a  little  convex  in  outline  along  the  nuddle,  where  it 
ranges  at  an  angle  of  about  ICKP  to  the  hinge  margin,  but  curving  a 
little  forward  above,  so  as  to  connect  with  the  latter  at  a  somewhat 
more  obtuse  angle,  while  lielow  it  curves  gracefully  downward  and  for- 
ward into  the  narrowly  rounded  or  somewhat  angular  base  j  anterior 
mjirgin  a  little  sinuous  in  outline  in  the  middle,  with  a  general  direction 
nearly  parallel  to  that  of  the  umbonal  slope,  but  compressed  nearly 
rectangular,  and  projecting  a  little  beyond  the  beak  above,  the  project- 
ing i)art  not  having  the  character  of  an  ear  or  distinct  lobe,  though 
defined  by  a  shallow  depression  extending  from  the  beak  obliquely 
downward  and  backward  to  the  slightly  sinuous  central  region ;  beak 
very  nearly  terminal,  moderately  oblique,  and  rather  compressed.  Sur- 
face with  more  or  less  distinct  lines  of  growth,  and  near  the  hinge  mar- 
gin \vell-defined,  regular,  vertical  ridges  or  wrinkles,  that  seem  not  to 
be  exactly  parallel  to  the  lines  of  growth.  Kight  valve  not  certainly 
known. 

Height  of  right  valve,  3.20  inches ;  antero-posterior  diameter  along 
hinge  line,  1.00  inches;  height  about  half  way  down  i)arallel  to  hinge, 
two  inches  ;  convexity,  0.70  inch. 

This  species  will  be  readily  distinguished  from  the  last,  not  only  by 
its  much  larger  size  and  less  oblique  and  broader  form,  but  also  by  the 
strong  vertical  wrinkles  along  its  hinge  margin.  It  likewise  seems  to 
be  entirely  wiihont  any  traces  of  the  radiating  costie  seen  on  the  ante- 
rior side  of  that  species,  and  has  its  posterior  margin  much  more  nearly 
vertical  above,  and  slightly  convex  in  outline,  instead  ota  little  sinuous 
there.  Its  umbonal  slope,  in  the  only  left  valve  seen,  seems  to  be 
deiiiledly  angular,  though  this  liiay  be  partly,  if  not  entirely,  due  to  an 
accidental  fra(^tnre  and  bending  of  the  valve  along  that  line.  It  looks, 
however,  like  a  natural  angle,  with  some  little  nodes  or  projecting  points 
along  its  crest.  In  general  form  it  presents  much  the  outline  of  some 
of  the  large  Myalinas  of  the  western  (roal-measures,  such  as  M,  ampla 
and  M.subquadmta,  but  it  ditfers  not  only  in  its  angnlar  umbonal  slope, 
less  curved  beaks  and  wrinkled  dorsal  margin,  but  in  having  its  ante- 
rior margin  flattened  and  a  little  extended  beyond  the  beak  in  front, 
instead  of  being  concave  in  outline  there,  thus  not  leaving  the  beak 
quite  terminal,  as  we  see  in  Myalina. 

1  am  not  quite  sure  that  I  have  seen  the  right  valve  of  this  shell, 
though  one  of  the  same  general  outline,  and  of  ;'orresponding  size,  that 
was  observed  in  a  large  mass  of  rock  at  the  locality,  was  believed  to 


QEOLOGICAL  SURVEY  OF  THE  TEBRITORIES.       491 

belong  to  this  species.*  It  was  nearly  flat  and  smooth^  excepting  fine 
lines  of  growth,  and,  if  I  mistake  not,  had  a  tolerably  deep,  well-defined, 
byssal  notch.  If  it  really  belonged  to  this  shell,  the  species  can  hardly 
go  properly,  as  alrea<ly  stated,  into  the  group  Paeudoptera^  the  type  of 
which  has  no  traces  of  a  byssal  sinus  in  either  valve. 
Locality  and  poiritionj  same  as  last. 

AVICULA  OXYTOMA  (!)  QASTBODES,  Meek. 

Shell  (as  determined  from  a  left  valve)  attaining  a  moderately  large 
size,  sub£rigoual  in  general  outline,  rather  distinctly  convex,  and  having 
a  very  slight  backward  obliquity;  basal  outline  very  profoundly  rounded, 
the  deepest  or  most  prominent  part  being  in  advance  of  the  middle;  pos- 
terior margin  moderately  sinuous  below  the  wing,  from  the  extremity  of 
which  it  ranges  obliquely  forward  and  downward,  rounding  regularly 
into  the  base  below ;  anterior  margin  strongly  and  subangularly  sinuous 
under  the  wing,  thence  descending  with  a  slight  forward  obliquity  and 
rounding  rather  abruptly  into  the  base ;  hinge  margin  longer  than  the 
height  of  the  valve,  the  antero-posterior  diameter  of  which  (at  any  point 
below)  it  also  decidedly  exceeds,  ranging  nearly  at  right  angles  to  the 
vertical  axis  of  the  shell ;  beak  distinctly  convex,  rising  above  the  hinge 
margin,  strongly  incurved,  without  obliquity,  and  situated  less  than  one- 
third  the  length  of  the  hinge  margin  from  the  extremity  of  the  anterior 
wing,  which  is  subtrigonal  in  form,  somewhat  convex,  a  little  rounded 
at  the  extremity,  and  very  strongly  separated  from  the  abrupt  shell  of 
the  umbo  by  a  deep  rounded  concavity  extending  from  the  beak 
obliquely  to  the  marginal  sinus  below ;  posterior  wing  longer  and  more 
compressed,  narrower,  and  more  angular  than  the  other;  both  wings, 
particularly  the  posterior  one,  projecting  decidedly  beyond  the  margin 
of  the  valve  below.  Surface  only  showing  more  or  less  distinct  lines  of 
growth.    (Right  valve  unknown.) 

Height  of  left  valve,  1.50  inches;  length  of  same  below  the  wings, 
about  1.30  inches;  length  of  hinge  line,  1.00  inches;  convexity,  (of  left 
valve  alone,)  0.40  inch. 

I  have  not  yet  seen  the  hinge  of  this  shell,  or  its  left  valve,  and  there- 
fore have  some  doubts  in  regard  to  which  of  the  sections  of  the  old 
genus  Avicula  it  would  most  properly  fall  into.  If  the  right  valve  is 
(as  I  am  inclined  to  think  the  case)  nearly  llat,  with  a  deep,  sharply-cut, 
byssal  sinus,  and  its  beak  not  distinct  from  the  hinge  margin,  it  will 
l)robably  fall  into  a  little  group  for  which  I  some  time  back  proposetl  the 
name  Oxytoma^  typified  by  Avicula  Mumterij  Bronn.  It  ditiers  remark- 
ably from  typieal  species  of  Avicula  in  its  erect  form,  its  umbonal  axis 
being  inclined  a  little  backward,  instead  of  strongly  forward.  From 
PseudomonoiiSj  with  which  it  agrees  in  its  erect  form  and  the  elevated, 
strongly  incurved  beak  of  its  right  valve,  it  differs  very  strongly  in 
having  decided,  well-developed  ears,  both  in  front  and  behind.  Dr.  isto- 
liczka  thinks  the  characters  of  the  genus  Pseudomonotis  should  be  ex- 
tended so  as  to  include  Oxytoma.  Should  this  view  prevail,  the  name 
of  our  species  would  probably  become  Pacudomonotia  {Oxytoma)  gastrodes. 
It  seems  to  me,  however,  that  Oxytoma  s.tands  more  nearly  related  to 
Aricnla  proper  than  to  PseudovwnotiSy  as  typified  by  the  Permian  si)ecies 
P.  spelmwaria,  so  that  if  we  unite  Oxytoma  to  Paeudomonotin^  I  cannot 
see  why  we  might  not,  on  the  same  principle,  take  another  step  of  the 

'  The  specimen  was  broken  to  fragments  in  trying  to  detach  it  from  the  maA&  ol 
rock. 
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kind  and  restore  both  to  Aviculay  which  I  am  certainly  not  inclined  to 
do,  though  I  regard  Oxiftoma  as  a  subgenus  under  AvicuUu 

I  use  the  name  Avicula  here,  as  elsewhere,  subject  to  the  change  that 
it  is  probable  the  rules  of  nomenclature  will  demand  in  the  reetoration 
of  the  older  name  Pteria^  which  would  require  the  name  of  our  species 
to  be  written  Ftcria  gastrodes^  if  it  falls  into  that  group. 

Locality  and  position. — Cretaceous  sandstones  of  Coalville,  Utah. 

MoDiOLA  (Brachydontes)  multilinigera,  Meek. 

Modeola  Pedemalia,  Meek,  1870 ;  Hayden's  Geol.  Report,  Wyoming,  &c.,  List  Cretaceous 

fu88il8,  page  297,  (not  Roemer.) 

Shell  rather  above  medium  size,  obliquely  arenate-subovate ;  valves 
strongly  convex  along  the  nmbonal  sloi)es,  thence  cuneate  posteriorly, 
and  abruptly  curved  inward  below  the  middle  in  front;  posterior  margin 
forming  a  broad,  regular,  convex  curve,  from  the  end  of  the  hinge  down- 
ward to  the  anterior  basal  extremity,  which  is  very  narrowly  and  ab- 
ruptly rounded ;  anterior  margin  ranging  obliquely  backward  and  down- 
ward to  the  narrow  basal  extremity,  and  strongly  sinuous  along  the 
middle,  above  which  it  projects  more  or  less  beyond  the  nmbonal  ridge, 
so  as  to  form  a  moderately  prominent,  somewhat  compressed  protube- 
rance ;  hinge  margin  nearly  or  quite  straight,  ranging  at  an  angle  of 
50^  to  60^  above  an  imaginary  line  drawn  from  the  Iweaks  to  the  most 
prominent  part  of  the  basal  outline,  and  equaling  about  half  the  greatest 
oblique  length  of  the  valves;  beaks  nearly  terminal,  rather  compressed, 
very  oblique,  and  scarcely  rising  above  the  hinge  margin;  nmbonal 
8loi)e8  prominent  and  more  or  less  strongly  arcuate.  Surface  ornamented 
by  fine  lines  of  growth,  crossed  by  regular  radiating  lines  that  are  very 
fine,  and  crowded  on  the  anterior  part  of  the  valves,  but  become  coarser 
above  and  behind  the  umbonal  ridge,  the  largest  being  near  the  dorsal 
side,  where  they  bifurcate  so  as  to  become  very  fine,  and  curve  more  or 
less  upward  before  reaching  the  cardinal  margin. 

Greatest  length,  measuring  from  the  beaks  obliquely  from  the  beaks 
to  the  mostproiniiieut  part  of  the  basal  margin  of  a  large  specimen,  1.90 
inches ;  greatest  bi-eadth  at  right  angles  to  the  same,  1  inch ;  couvexitv, 
0.70  inch. 

On  first  examining  some  imperfect  casts  of  this  shell,  brought  by  Dr. 
Hayden  from  near  Coalville,  Utah,  I  was  led  to  think  it  probably  the 
form  described  by  Dr.  Roemer  from  Texas,  under  the  name  Modiola 
Pedernalis^  to  which  I  referred  it  provisionally,  in  making  out  the  list  of 
Cretaceous  fossils  for  Dr.  Ilayden's  rei)ort  of  1870.  Further  comparisons 
of  better  specimens  collected  during  the  past  summer  at  the  same  locality, 
however,  have  8atisfie<l  me  that  it  presents  well-marked  and  constant 
differences  from  the  Texas  shell.  In  the  first  place,  it  is  distinctly  more 
arcuate,  so  much  so,  that  when  placed  with  its  hinge  line  in  a  horizontal 
position,  the  outline  of  its  posterior  margin,  instead  of  forming  an 
ol)li<iue  backward  descending  curve,  ranges  nearly  verticiilly.  Again, 
the  most  prominent  part  of  its  posterior  basal  margin  is  very  narrowly 
rounded,  instead  of  forming  a  regular  curve.  Its  umbonal  ridges  are 
likewise  more  prominent,  morq  arched,  and  extend  down  to  the  narrowly 
rounded  posterior  basiil  extremity.  The  lobelike  projection  of  the 
upper  part  of  its  anterior  margin,  under  the  beaks  and  in  front  of  the 
umbonal  lidge,  also  differs  in  being  proportionally  much  smaller  than 
in  Dr.  lioemer's  species,  in  which  it  forms  about  one-third  of  the  entire 
valve,  as  seen  in  a  side  view;  while  in  our  shell  it  scarcely  forms  more 
thiiu  Oiie-sixth.    Of  couise  tho  specimens  are  more  or  less  variable  in 
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these  characters,  bat  the  two  forms  can  always  be  readily  distingnished 
when  good  examples  can  be  had  for  comparison. 

In  its  more  arcuate  form,  onr  shell  agrees  more  nearly  with  Modiola 
(Kimto,  Gabb,  from  the  Cretaceous  rocks  of  California ;  but  that  shell 
differs  very  markedly  in  having  its  beaks  decidedly  less,  nearly  terminal, 
and  a  more  decided  and  much  more  prominent  lobe  in  front  of  them. 
Another  important  difference  is  to  be  observed  in  the  radiating  strio), 
which  on  the  anterior  side  of  our  shell  are  very  minute  and  closely 
crowded ;  while  on  that  i)art  of  Mr.  GabVs  species,  they  are  as  large  and 
distant  from  each  other  as  on  any  other  part  of  the  valves. 

If  Scopoli's  name  Volsella  should  be  adopted  for  this  genus,  as  there 
are  some  reasons  for  believing  may  be  the  case,  this  change  would 
require  the  name  of  this  species  to  be  written  Volsella  multilinigera. 

Locality  and  position. — Cretaceous  sandstones,  near  Coalville,  Utah, 
first  ridge,  Ko.  14. 

» 

Trapezium  migronema,  Meek. 

Shell  attaining  a  ratlier  large  size,  elongate  trapeziform,  the  length 
being  a  little  more  than  twice  the  height,  which  is  about  one-third 
greater  than  the  convexity ;  anterior  margin  very  short  and  round ;  pos- 
terior margin  obliquely  truncated  above  and  narrowly  rounded  below; 
base  nearly  straight,  or  faintly  sinuous  along  the  middle,  rounding  up 
rather  abruptly  at  each  end :  dorsal  margin  long,  straight,  and  parallel 
to  the  base ;  beaks  depressed  nearly  or  quite  to  the  horizon  of  the  dorsal 
margin,  and  locate<l  one-sixth  the  entire  length  of  the  valves  from  the 
anterior  margin ;  umbonal  slopes  prominently  rounded  from  the  beaks 
obliquely  backward  and  downward  nearly  to  the  posterior  basal  extrem- 
ity, while  below  this  convexity  a  shallow  concavity  extends  from  each 
beak  obliquely  backward  to  near  the  middle  of  the  basal  margin.  Surface 
ornamented  with  numerous  very  fine,  regular,  crowded,  thread-like  radi- 
ating lines. 

Length,  2.28  inches;  height,  1.21  inches;  convexity,  0.90  inch. 

I  know  nothing  of  the  hinge  of  this  shell,  and  merely  place  it  in  the 
genus  Trapezium  from  external  characters.  Its  form  and  surface-mark- 
ings, however,  are  such  as  to  leave  little  room  for  doubts  in  regard  to 
its  relations  to  that  genus  or  Coralliophaga. 

Note. — Since  describing,  in  Dr.  Hayden's  Report  of  1870,  (page  301,) 
an  elongated  shell,  from  Utah,  under  the  name  Pacliyinya  (!)  truncata,  I 
have  been  led,  by  further  comparison,  to  think  it  far  more  probably  be- 
longs to  the  genus  Trapezium^  and  remove  it  provisionally  to  that  genus 
under  the  name  T.  truncata.  In  the  same  way  I  would  remove  another 
shell,  described  by  me  in  that  report  as  Tapes  WyomingensiSj  to  Dr.  Sto- 
liczka's  genus  Baroda,  under  the  name  Baroda  Wyomiiigensis. 

Locality  and  position, — Cretaceous  coal-bearing  sandstones  at  Bear 
River  City,  on  Sulphur  Creek,  Wyoming. 

CoRBiouLA  (Veloritina)  inflexa,  Meek. 

Shell  longitudinally  ovate,  a  little  less  than  two-thirds  as  high  as  long, 
moderately  convex;  posterior  extremity  rather  narrowly  rounded,  or 
apparently  sometimes  faintly  subtruncated ;  anterior  very  short,  subtrun- 
cated,  or  more  or  less  sinuous  in  outline,  just  in  advance  of  the  beaks, 
on  the  abrupt  forward  slope  above,  and  rather  abruptly  rounded  below : 
basal  margin  semi-ovate,  or  semi-elliptic;  dorsal  margins  \\\1i<^\i\ft.^  «vvQl 
forming  a  long  convex  slope  from  the  umbonal  regvoii  \>o^\,^t\ov\^  ^  ^i«a^^A 
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ratber  depressed,  obliqae,  incurved,  and  placed  near  the  anterior  end  ] 
umbonal  Klopes  not  prominently  rouude<l;  surface  merely  sliowing  fine, 
ratber  obscure  marks  of  growtb;  anterior  muscubir  impression  ratber 
strongly  defined  and  obliquely  ovate;  posterior  muscular  impression 
larger  and  obscure;  pallial  line  showing  a  deep,  angular,  ascending  sinus; 
posterior  lateral  teeth  of  hinge  very  long,  linear,  and  nearly  or  quite 
smooth;  anterior  short;  cardinal  teeth  very  oblique. 

Length  of  a  specimen,  a  little  under  medium  size,  1.35  inches;  height^ 
0.39  inch ;  convexity,  0.68  inch. 

This  species  is  more  depressed  and  elongated  than  any  of  those  hith- 
erto described  from  the  far-western  localities,  excepting  one  or  two  from 
the  coal  formations  on  Bitter  Creek,  Wyoming,  from  which  it  differs  in 
having  its  beaks  placed  farther  forward.  It  will  also  be  readily  distin- 
guished from  those  shells,  as  well  as  from  all  of  the  other  si>ecies  of  the 
genus  yet  known,  from  any  of  our  rocks,  by  having  an  angular,  ascend- 
ing, and  comparatively  deep  sinus  in  ita:pallial  line,  akurst  like  that  seen 
in  many  types  of  the  Veneridce.  This  character  is  so  strongly  marked 
that  it  was  not  until  I  had  succeeded  in  getting  a  tolerably  clear  idea  of 
the  nature  of  the  hinge  that  I  could  believe  the  shell  related  to  the  group 
to  which  I  have  referred  it.  As  was  pointed  out  by  Mr.  Tryon,  some 
years  back,  the  existing  American  species  of  Cyrcna  and  Corbicula  have 
the  pallial  line  more  or  less  sinuous ;  while  in  nearly  all  of  those  from 
foreign  countries  it  is  simple.  I  have  also  ascertained  that  nearly  all 
the  extinct  North  American  species  yet  known  have  the  pallial  lino  sin- 
uous. The  sinus,  however,  is  usually  shallow  and  rounded,  or  obtuse, 
in  our  fossil  species;  that  of  the  shell  here  under  consideration  being 
unusually  deep  and  angular. 

Locality  and  position, — Near  Missouri  River,  below  Gallatin  City,  Mon- 
tana, where  it  occurs,  associated  with  Trigonia^  Inoceramus,  Cardium^ 
Ostreay  and  other  marine  Cretaceous  fossils. 

Corbicula  Cyrena  (!)  securis,  Meek. 

Shell  (as  determined  from  internal  casts)  ovate-subtrigonal,  moder- 
ately convex  in  the  central  and  umbonal  regions,  and  cuneate  behind ; 
anterior  end  short,  with  its  margin  regularly  rounded  from  below  the 
beaks  into  the  base;  posterior  margin a|»|>arently  a  little  truncated,  with 
a  slight  backward  obliquity  from  the  posterior  dorsal  slope  to  the  pos- 
terior basal  extremity,  which  rounds  abruptly  into  the  ventral  margin ; 
dorsal  outline  declining  rather  distinctly  backward  from  the  beaks;  hsLf>iA 
margin  forming  a  semi-elliptic  or  semi-ovate  curve;  beaks  prominent^ 
gibbous,  located  about  one-third  the  length  of  the  shell  from  the  anterior 
margin,  and  rather  strongly  incurved;  posterior  umbonal  slopes  some- 
what prominently  rounded;  muscular  impressions  shallow.  (Surface 
and  hinge  unknown.) 

Length,  1.07  inches;  height,  1.47  inches;  convexity,  about  1.15 inches. 

The  only  specimen  of  this  species  yet  known  being  merely  a  cast,  it 
is  not  posisiblc  to  determine  from  it,  with  certainty,  the  generic  charac- 
ters of  the  shell.  It  agrees,  so  nearly,  however,  in  general  appearance, 
with  Corhietila  Durkeei,,  from  the  estuary  beds  near  the  same  locality, 
that  I  was  at  first  inclined  to  believe  it  might  be  that  species.  A  care- 
ful comi>ari8on,  however,  with  that  shell,  both  as  represented  by  inter- 
nal casts,  and  by  specimens  showing  the  exterior,  leaves  no  doubt  that 
it  IS  at  least  specifically  distinct.  A  marked  character  seen  in  all  the 
numerous  s|>ecimens  of  C.  Durleei  is  the  very  strong  inflection  of  the 
margins  of  the  valves  along  the  posterior  dorsal  slope,  causing  a  pro- 
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foQDcl  wide  salens  from  the  beaks  nearly  or  quite  to  tbe  posterior  basal 
extremity,  wbere  tbe  two  are  united.  Tbis  cbnracter  alone  will  distin- 
guisb  tbat  sbell  from  tbe  form  bere  under  consideration,  wbicb  sbows 
uotbing  of  tbe  kind.  Anotber  well-marked  difference  is  also  observable 
in  tbe  muscular  impressions ;  tbe  anterior  one  in  0.  Burkeei  being  very 
deep,  wbile  in  tbe  species  bere  described  it  is  so  sballow  as  only  to  leave 
rather  faint  marks  of  its  outline  on  internal  casts. 

Locality  and  ^'o^^ia^i.— Cretaceous  sandstones,  including  tbe  coal  at 
Bear  River  City,  (Sulpbur  Creek,)  Wyoming  Territory. 

COBBICULA  ^QUILATEBALIS. 

Sbell  (as  determined  from  an  internal  cast)  subtrigonal,  and  nearly, 
or  quite,  equilateral,  ratber  convex;  beigbt  about  iive-sixtbs  tbe  length ; 
anterior  and  posterior  extremities  nearly  equally,  and  ratber  narrowly, 
rounded;  ventral  margin  forming  a  nearly  semielliptic  curve,  the  most 
prominent  part  being  at  tbe  middle;  beaks  ratber  prominent,  and  very 
nearly,  if  not  quite,  central;  umbonal  slopes  not  prominently  rounded; 
dorsal  outline  declining  subequally  from  the  beaks  in  front  and  rear,  tbe 
posterior  slope  beiu;r  convex  in  outline,  and  tbe  anterior  concave ;  mus- 
cular impressions  sballow.    (Surface  and  binge  unknown.) 

Length,  1.72  inches;  height,  1.45  inches;  convexity,  about  0.92  inch. 

One  specimen  of  this  shell  sbows  impressions  in  tbe  matrix  of  elongated 
lateral  teeth,  like  those  of  Corbicula  iu  form-;  but  tbe  arenaceous  ma- 
terial is  too  coarse  to  bavjB  defined  the  striations  of  these  teeth,  if  any 
existed.  Until  the  cardinal  teeth  can  be  seen,  its  relations  to  that  genus 
cannot  be  positively  determined,  though  I  have  little  dcmbt  tbat  it 
belongs  to  tbat  group.  It  will  be  readily  distinguished  from  the  last  by 
its  less  elongated  and  equilateral  form.  These  characters  will  also 
equally  distinguish  it  from  C.  Durkeeij  from  the  Bear  River  estuary 
beds. 

Locality  and  position. — Same  as  last. 

Cybena  Cabletoni,  Meek. 

Shell  small,  thin,  subcircular,  or  with  length  a  little  greater  than  the 
height;  nioderately  convex ;  anterior  and  posterior  niHrgins  rounding 
from  above  regularly  into  tbe  rounded  basal  outline,  or  with  tbe  posterior 
sometimes  slightly  straightened,  both  rounding  more  abruptly  to  the 
hinge  above ;  beaks  rather  depressed,  small,  abruptly  pointed,  incurved, 
nearly  contiguous,  and  placed  slightly  in  advance  of  the  middle ;  hinge 
line  looping  very  gradually  from  the  beaks.  Surface  marked  with  mod- 
erately distinct  concentric  lines  and  furrows. 

Length  of  a  medium-sized  specimen,  0.55  inch ;  height  of  same,  0.49 
inch  ;  convexity,  0.32  inch. 

Tbis  shell  is  so  very  thin,  and  so  nearly  resembles  a  rather  large 
Spluerinm  in  form  and  surface  characters,  tbat  I  should  certainly  have 
referred  it  to  that  genus,  had  not  a  lucky  blow  separated  the  hinge  of 
a  right  valve  from  the  matrix  in  such  a  manner  as  to  expose  the  teeth 
quite  satisfactorily.  This  shows  its  hinge  to  have  the  characters  of  a 
true  Cyrena.  For  so  thin  a  shell  it  has  quite  a  stout  hinge.  Its  car- 
dinal teeth  are  rather  diverging,  the  posterior  two  being  well  developed, 
and  each  a  little  furrowed  along  the  middle,  while  the  anterior  one  (in 
this  right  valve)  is  much  smaller  and  conical  in  form.^  Tbe  lateral 
teeth  are  of  moderate  size,  and  certainly  smooth,  the  jiosterior  belvv^ 
remote  from  the  cardinal  teeth,  and  the  linear  aulexiot  e:L\.^\i(i\w^  V^x^ 
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to  the  latter.  Internal  casta  show  the  mascnlar  and  pallial  impressions 
to  be  well  defined,  and  the  latter  to  be  a  little  straightened,  or  showing 
a  very  faint  tendency  to  form  a  small  sinus  under  the  ])osterior. 

This  is  a  rather  small  and  an  unusually  thin  shell  for  the  genus  Cyt'enOj 
being,  as  already  remarked,  much  more  like  a  Sphcerium  in  these  char- 
acters. It  is  quite  abundant  at  the  locality',  but  as  it  is  only  found  in  an 
indurated  clay  matrix,  good  specimens  are  with  difficulty  obtained,  and 
from  these  the  thin  shell  is  very  liable  to  break  and  scale  off,  leaving 
only  the  internal  cast  remaining. 

Among  the  specimens  collected  there  are  some  of  a  more  transversely 
oval  form  and  somewhat  larger  size  than  those  I  have  regarded  as  the 
types  of  the  species  here  described.  These  may  belong  to  a  distinct 
6i>ecies,  but  they  agree  so  nearly  in  all  other  known  characters  that 
I  am  at  present  inclined  to  regard  them  aa  merely  a  variety  of  the 
^ame. 

Locality  and  position, — Oarleton's  coal-mine,  Coalville,  Utah.  Greta- 
ceous. 

PHABELLAf  Pealei,  Meek. 

Shell  elongate-oblong,  or  subrhombic,  the  length  being  about  twice 
and  a  half  the  height,,  rather  compressed;  anterior  margin  idightly 
sinuous  just  in  advance  of  the  beaks  above,  and  somewhat  narrowly 
rounded  below  this  faint  sinuosity;  posterior  margin  truncated,  with  a 
convex  outline,  very  obliquely  backward  and  downward,  from  the 
posterior  extremity  of  the  hinge  to  the  prominent  and  very  narrowly 
rounded  or  angular  posterior  basal  extremity;  hinge-line  proper 
apparently,  comparatively  short,  and  not  forming  any  angularity  of  out- 
line at  its  connection  with  the  sloi^ug  i)08terior  dorsal  margin  ;  beaks 
rising  a  little  above  the  hinge-margin,  but  rather  depressed  and  placed 
about  one-fitth  the  entire  length  of  the  valves  from  the  anterior  margin ; 
basal  margin  long,  slightly  sinuous  along  most  of  its  length  ;  posterior 
dorsal  slopes  rather  prominently  rounded  from  the  beaks  obliquely  to 
the  posterior  basal  extremity.  Surface  only  showing  obseuie  lines  of 
growth. 

Length,  1.20  inches;  height,  0.48  inch;  convexity,  0.28  inch. 

Knowing  nothing  of  the  hinge  of  this  shell,  I  only  refer  it  provisionally 
to  Pharella.  It  does  not  seem  to  have  had  the  extremities  ga[)ing  as  in 
that  genus;  but  the  specimen  has  evidently  been  accidentally  com- 
pressed, and  this  may  have  given  the  valves  the  appearance  of  being 
closed.  In  general  appearance  it  resembles  Solen  Gu^rangeri,  d'Orbigny, 
which  seems  to  belong  to  the  genus  Phartlla.  Our  shell,  however, 
evidently  differs  from  d'Orbigny's  specifically,  at  least  in  not  having  the 
posterior  margins  of  it«  valves  near  so  abruptly  truncated,  but  rounding 
and  sloi)ing  forward  gradually  into  the  dorsal  outline  above.  Possibly 
I  should  call  it  Modiola  Pealei. 

Locality  and  position. — Missouri  Eiver,  below  Gallatin  City,  Montana. 
Cretaceous. 

CoRBirLA  NEMATOPHOBA,  Meek. 

Shell  of  about  medium  size,  ovate-subtrigonal,  nearly  equivalve  and 
moderately  convex,  with  height  equaling  two-thirds  the  length ;  anterior 
outline  rounded ;  base  semi-ovate ;  posterior  extremity  somewhat  pro- 
dnce<l.and  subangular  or  minutely  truncated  in  outline  below;  dorsal 
outline  sloping  from  the  beaks,  the  anterior  slope  being  more  abrupt, 


GEOLOGICAL  SUBVEY  OP  THE  TERRITORIES.       497 

and  slightly  concave  in  ontline  above,  and  the  posterior  longer  and 
nearly  straight,  with  a  greater  obliquity;  posterior  umbonal  sloi>e« 
more  or  less  angular  in  each  valve,  from  the  beak  to  the  posterior  basal 
extremity;  beaks  rather  promineut,  and  pla(H^  about  one-tiiird  the 
length  of  the  valves  from  the  front.  Surface  ornamented  by  small,  reg- 
ular, concentric  ridges,  or  strong  lines  and  furrows,  both  of  which  are 
more  distinct  on  the  right  valve  than  on  the  left,  where  they  are  some 
times  obsolete. 

Length  of  largest  si)ecimen  seen,  0.50  inch ;  height,  0.32  inch ;  con- 
vexity, 0.25  incb. 

This  shell  agrees  so  very  nearly  with  a  form  I  have  described  from 
Hallville,  Wyoming,  under  the  name  Corbicula  f  crassatellifarmis^  as  al- 
most to  raise  a  doubt  whether  it  may  not  be  really  the  same  species.  I 
have  not  seen  the  hinge  of  the  Hallville  Sftecies  very  clearly,  though 
some  of  the  specimens  seem  to  indicate  that  it  can  hardly  be  a  Corbula  ; 
while  those  of  a  larger,  but  otherwise  scarcely  distinguishable  form, 
associated  with  it,  are  distinctly  seen  not  to  have  the  characters  of  Cor- 
bula, but  to  present  nearly  the  essential  features  of  Corbicula.  Even 
should  the  smaller  of  the  Hallville  siwcies,  however,  prove  to  be  a  Cor- 
bula, I  think  the  form  under  consideration,  which  certainly  lias  the  hinge 
of  the  latter  genus,  will  be  distinguished,  specifically,  by  its  smaller 
size,  more  convex  valves,  and  more  distinctly  striated  and  furrowed 
surthce ;  particularly  that  of  itB  right  valve.  It  is  also  not  so  extremely 
thin  a  shell  as  the  Hallville  species. 

I  also  have  now  before  me  another  very  closely  allied  form,  fromr 
Black  Butte  Station,  Wyoming,  and  still  more  nearly  like  the  Hallville 
shell  referred  to.  So  far  as  can  be  determined  by  comparisons  with 
accidentally  compressed,  and  separated  valves  of  the  Hallville  shell,, 
showing  none  of  the  hinge  charncters,  the  specimens  of  the  Black  Butte 
form  would  seem  only  to  differ  in  being  much  thicker,  and  more  strongly 
and  regularly  marked  by  concentric  lines  and  furrows.  Its  decidedly 
inequivalvc  character  may  also  be  another  difference,  but  it  is  not  pos- 
sible to  determine  from  the  separated  and  compressed  valves  of  the 
Hallville  species,  yet  seen,  whether  it  is  inequivalve  or  not,  though,  it 
seems  not  to  be.  Compared  with  the  form  here  described,  and  which 
must  occupy  a  much  lower  position  in  the  series,  the  specimens  from 
Black  Butte  differ  chiefly  in  being  much  larger,  thicker  shells,  some- 
what more  abrupt  on  the  anterior  slope,  with  more  elevated  beaks. 
There  may  also  be  differences  in  the  hinge  and  muscular  and  pallial  im- 
X)ressious,  which  1  have  had  no  opportunity  to  compare. 

Should  this  Black  Butte  form  prove  to  be  distinct  from  both  of  the 
others  mentioned,  it  may  be  called  Corbula  propinqtia. 

Locality  and  position, — Near  Cedar  City,  Southern  Utah,  from  coal- 
bearing  Cretaceous  beds,  apparently  belonging  to  the  same  horizon  as< 
the  lower  part  of  the  coal-series  at  Coalville.  It  occurs  in  great  numr 
bers,  associated  with  Turritella  CoalvilleyisiSj  and  other  forms  appar- 
ently identical  with  Coalville  si)ecie8. 

Neritina  (DostiaT)  bellatuul,  Meek. 

Shell  small,  depressed  ovate,  or  broad  8lipi)er-shaped ;  apex  very 
small,  and  depressed  to  the  posterior  margin,  where  it  forms  one  or  two 
minute,  slightly  oblique,  compact  turns,  that  do  not  project  beyond  the 
margin,  but  are  sometimes  even  slightly  overlapped  by  it;  inner  lip 
very  broad,  or  shelf-like,  and  occupying  more  than  half  of  tVi^  wvA^x 
side,  convex  and  more  or  less  thickened^  with,  the  inYiet  TCi^ct^WL  ^!.yt:iK»N^ 
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in  outline  at  the  middle,  and  provided  with  a  slight  projection  on  each 
side,  but  not  properly  crenate  or  dentate ;  out^r  lip  rather  thick,  obtuse, 
nearly  or  quite  smooth,  and  continuous  around  the  margins  with  thje  inner 
one;  aperture  small,  and  transversely  semicircular.  Surface  polished 
and  ornamented  by  fifteen  to  twenty  light  yellowish  or  cream  colored, 
dimple  radiating  costsB,  separated  by  shallow,  bright  brownish  furrows 
of  about  the  same  breadth ;  lines  of  growth  moderately  distinct.* 

Length,  0.31  inch;  breadth,  0.25  inch;  convexity,  0.12  inch. 

I  am  in  some  doubt  in  regard  to  the  proper  disposition  to  make  of 
this  little  shell.  In  most  of  its  characters  it  seems  to  (conform  pretty 
nearly  with  Dostia  of  Gray,  generally  regarded  as  a  subgenus  under  Neri- 
Una,  Lamarck,  (=NeriteUa,  Humphrey.)  It  has  a  much  smaller  and  less 
prominent  spire,  however,  and  a  more  convex  and  broader  inner  lip, 
than  the  type  of  that  group,  and  also  want«  the  crenuiations  of  the 
inner  lip  seen  in  the  same.  In  its  limpet-like  form,  tumid,  greatly  de- 
veloped inner  lip,  and  minutely  coiled  apex,  it  approaches  VcUies^  Mont- 
fort;  and  I  am  not  quite  sure  that  I  would  not  be  nearer  right  to  call 
it  Velates  hellatula.  Still  it  difi'ers  from  the  typical  form  of  that  genus 
in  having  its  apex  depressed  to  the  posterior  margin,  instead  of  l>eing 
elevated  and  nearly  central ;  while  the  margin  of  its  inner  lip  want;)  the 
distinct  denticulations  seen  in  that  of  that  shell. 

Of  course,  if  Humphrey's  catalogue  genera  are  te  be  adopte^l,  on 
account  of  their  priority  of  date  over  those  of  Lamarck  and  others  that 
were  accompanied  by  diagnoses,  the  name  of  this  shell,  supposing  the 
view  here  adopted  in  regard  to  its  affinities  to  be  correct,  would  b^ome 
Neriiella  (Dostia)  bellatula.  ^ 

Locality  and  position. — Carleton's  coal-mine,  Coalville,  Utah. 

Neritina  (DostiaT)  patelliformis,  Meek. 

Shell  small,  thick,  oval  or  subelliptic;  nucleus  nearly  posterior  and 
generally  more  or  less  elevate<l  above  the  posterior  margin,  but  always 
lower  than  the  middle  position  of  the  dorsal  region  in  front  of  k^ 
directed  obliquely  backward,  and,  in  well-preserved  specimens,  minutely 
subspiral  at  the  immediate  more  or  less  oblique  apex;  inner  lip  very 
broad,  or  having  the  form  of  a  thick,  smooth,  convex  septum,  that 
extends  forward  more  than  half  the  length  of  the  sheU;  outer  lip  thick- 
ened, obtuse,  and  smooth  within  ;  open  part  of  the  ai)erture  small  and 
transversely  semicircular.  Surface  with  moderately  distinct  lines  of 
growth. 

Length  of  one  of  the  largest  specimens  found,  0.62  inch;  breadth, 
0.50  inch  ;  height  or  convexity,  0.33  inch. 

This  form  is  evidently  very  nearly  related  to  the  last,  and  may  possi- 
bly be  a  more  robust  variety  of  the  same.  It  attains  a  much  larger  size, 
however,  than  any  of  the  specimens  of  that  shell  I  have  seen,  and  pre- 
sents a  more  elevated  form,  with  a  thicker  and  more  tumid  inner  lip; 
while  its  nucleus  is  often  more  elevated  above  the  margin,  though  not 
always  so.  At  first,  I  thought  the  absence  of  radiating  costai  on  this 
shell  would  very  decidedly  distinguish  it  from  the  last,  but  on  farther 
examination  I  find  the  costsB  almost  obsolete  on  one  of  the  specimens 
of  that  species,  though  the  bright  brown  color  of  the  spaces  between 
them  makes  the  lighter  interspaces  quite  apparent.  Among  the  speci- 
mens of  the  larger  form  under  consideration,  (broken  directly  from  the 

*  Of  couiso  the  colors  mentioned  ar«  not  known  to  present  the  same  tints  in  tbe  foeaU 
sbcUs  that  ornamented  them  when  the  animal  wasiuive. 
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same  matrix,)  I  find  a  sin^^le  small  individnal,  showing  very  obscnre 
traces  of  radiating  brown  stripes,  like  those  occurring  between  the  cost^ 
of  the  last,  fthe  other  specimens  not  being  in  a  condition  to  preserve 
marks  of  color.)  It  is  jiossible,  however,  that  this  smaller  individual, 
showing  traces  of  colored  stripes,  may  be  distinct  from  the  others.  It 
would  be  rather  remarkable  if  this  and  the  last  described  species  should 
be  the  same,  since  an  interval  of  about  600  feet  of  strata  occurs  between 
the  beds  in  which  they  were  found;  while  all  of  the  other  species,  so 
far  as  known,  from  the  two  horizons,  arc  distinct,  and  no  shell  resem- 
bling these  forms  is  known  to  occur  in  any  intermediate  horizon. 

Locality  and  ^Jo^^iVtow.— Coalville,  Utah,  from  the  Cretaceous  beneath 
the  lower  heavy  bed  of  coal  mined  at  that  place. 

Neritina  (Dostia?)  oarditoides,  Meek. 

•  Shell  attaining  a  moderately  large  size,  broad,  oval,  and  depressed  in 
form,  apex  posterior,  and  nearly  or  quite  depressed  to  the  margin,  appar- 
ently obliquely  subspiral ;  inner  lip  very  broad,  or  forming  more  than 
half  of  the  under  side,  rather  thick,  smooth,  and  nearly  flat,  or  some- 
what convex,  with  its  straight  inner  margin  sharp  and  without  teeth 
or  crenulations;  outer  lip  thick,  very  obscurely  crenate  within,  and 
apparently  continuous  with  the  margins  of  the  inner  one  around  be- 
hind ;  aperture  transversely  semicircular,  and  less  than  half  the  size  of 
the  under  side  of  the  shell.  Surface  ornamented  by  about  fifteen  simple, 
narrow,  sharp,  and  subcrenate  radiating  costoe,  sepiarated  by  wider, 
rounded,  intermediate  furrows;  lines  of  growth  distinct. 

Lengtl3,  about  0.87  inch  ;  breadth,  0.70  inch ;  convexity,  0.35  inch. 

This  is  another  curious  form  allied  to  the  little  species  I  have  described 
under  the  name  N.  hellatula.  When  viewed  from  the  dorsal  side,  as 
seen  lying  with  the  aperture  downward,  its  form  and  strong  radiating 
costte  give  it  much  the  appearance  of  the  left  valve  of  a  Cardita  or  Car- 
dium.  The  only  si)ecimen  of  it  in  the  collection  has  its  apex  and  poste- 
rior and  lateral  margins  broken  away,  and  its  broad,  smooth,  shelf  like 
inner  lip  broken  by  pressure  inward.  Still,  however,  it  gives  a  tolera- 
bly <;orrect  idea  of  the  characters  of  the  shell.  In  several  respects  it 
agrees  with  Vclates,  and  possibly  might,  without  impropriety,  be  called 
Velate%  carditoides.  I  suspect,  however,  that  when  better  specimens  can 
be  examined,  it  will  be  found  typical  of  an  undescrbed  section,  including 
also  the  little  species  N.  hellatula.  If  so  I  would  propose  for  the  group 
the  name  Velatclla,    I  know  of  no  nefirly  allied  described  type. 

Locality  and  position, — Carleton's  coal-mine,  Coalville,  IJtah.  Creta- 
ceous. 1  am  under  obligations  to  Mrs.  Carleton,  the  wife  of  the  gentle- 
man who  owns  the  coalmine  at  which  the  specimen  was  found,  for  the 
only  example  of  the  species  I  have  seen,  which  was  discovered  by  her 
while  we  were  at  the  locality. 

KTbritina  (NERrrELLA)  Bannisteri,  Meek. 

Shell  subglobose ;  spire  much  depressed,  or  with  its  apex  scarcely 
rising  above  the  body  whorl;  volutions  three  to  four,  rapidly  increasing 
in  size,  so  that  the  last  one  comprises  nearly  the  entire  shell,  more  or 
less  flattened,  and  sometimes  provided  with  an  obscure  linear  revolving 
furrow  above ;  aperture  large,  subovate,  ai)proachiug  semicircular,  being 
a  little  straighter  on  the  inner  side ;  outer  lip  bevtiled  to  a  thin  edge^ 
inner  lip  of  moderate  breadth,  slightly  concave^  and  AaUi^w^^^  ^\\X\.  %i 
steep  inward  slope,  entirely  smooth.    Surface  po\\i&\ieOL^  ^w4.  tdaxVl^^^i 
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crowded  zij^zag  vertical  bands  of  brown  and  light  yellowish  colors ;  lines 
of  growth  moderately  distinct. 

Height  of  a  nearly  medium -sized  specimen,  0.40  inch;  breadth,  0.43 
inch.    Some  examples  are  as  much  as  twice  these  dimensions. 

Although  the  specimens  show  the  pattern,  or  style,  of  the  original 
coloration  of  this  shell  quite  distinctly,  the  colors  themselves  may, 
of  coOrse,  have  been  different  on  the  living  shell.  Usually  the  zigzag 
markings  are  quite  distinct  on  the  specimens  as  fonnd,  but  on  some  ex- 
amples the  bands  are  blended  and  become  fainter,  so  that  the  surface 
merely  presents  a  light  brownish  tinge.  It  is  always  polished,  however, 
on  all  the  specimens  seen. 

This  species  seems  to  be  more  nearly  allied  to  N.  Nehra^censis^  M.  &  H., 
from  Jurassic  beds  near  the  head  of  Wind  River,  than  to  any  other  form 
with  which  I  am  acquainted.  It  may  be  readily  distinguished,  however, 
by  its  more  depressed  spire  and  the  slight  flattening  of  its  volutions 
above,  as  well  as  by  its  more  flattened  and  more  concave  inner  lip.  It 
likewise  attained  a  larger  size  than  any  of  the  specimens  of  that  species 
1  have  seen.  It  is  one  of  the  most  abundant  shells  observed  at  the 
locality,  and  is  usually  found  in  a  better  state  of  preservation  than  any 
of  its  associates. 

Thi!  specitic  name  is  given  in  honor  of  Dr.  Henry  M.  Bannister,  of  the 
Smithsonian  Institution,  to  whom  I  am  under  obligations  for  valuable 
assistance  while  visiting  the  Kocky  Mountain  region  during  the  past 
summer.  • 

Locality  andpoHtian. — Carleton's  coal-mine,  Coalville,  Utah. 

19ERITINA  (Neritella)  pisum.  Meek. 

Shell  globose;  spire  much  depressed;  volutions  about  thcee^  rapidly 
increasing  in  size,  so  that  the  last  or  body  turn  (which  is  a  little  de- 
pressed above)  composes  nearly  the  entire  shell;  inner  lip  broad,  flat- 
tened, and  smooth;  aperture  small  and  semicircular;  surface  nearly  or 
quite  smooth. 

Height,  0.22  inch ;  breadth,  0.26  inch. 

This  little  shell  has  much  the  form  of  the  last,and  I  was  at  first  inclined 
to  think  it  might  be  the  same.  notwithsUindiug  its  much  lower  position 
in  the  series.  A  careful  comparison,  however,  shows  that  it  has  a  de- 
cidedly broader,  flatter,  and  straightcr  inner  lip,  while  its  aperture  is 
proportionally  smaller,  and  quite  diflerent  in  form. 

Locality  and  position. — Coalville,  Utah.  Cretaceous,  from  below  the 
lower  bed  of  coal. 

Nbritina  pisiFORMis,  Meek. 

Shell  small,  subglobose,  or  obliqneb^  rhombic,  the  height  being  slightly 
less  thau  the  oblique  breadth  ;  spire  rather  prominent  for  a  species  of 
this  genus ;  volutions  three  to  three  and  a  half;  convex ;  last  one  large, 
and  forming  most  of  the  bulk  of  the  shell;  aperture  subovate,  consider- 
ably contracted  by  the  flattened,  moderately  wide  inner  lip,  which  is 
nearly  straight  on  its  inner  margin,  and  provided  there  with  four  small 
denticle^s,  the  upper  one  of  which  is  largest.    Surface  smooth. 

Height,  0.30  inch ;  greatest  oblique  breadth,  0.32  inch. 

This  little  shell  agrees  so  nearly  in  size  and  form  with  the  described 
species,  (N.  pisum^)  that  they  may  bo  readily  confounded,  as  they  are 
found  with  the  aperture  filled  with  rock.  A  fortunate  fracture  of  one 
of  the  8pocJmens  exposed  the  inner  edge  of  its  flattened  columella,  how- 
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ever,  and  thns  enabled  me  to  see  tbnt  it  is  denticalated,  and  in  this 
respect  diflFers  from  Neritina  pisntn^  which  Beema  to  be  entirely  without 
teeth.  Further  comparisons  also  show  the  two  shells  to  differ  in  form, 
that  nnder  consideration  having  a  more  prominent  spire  and  a  more 
globose  outline,  being  less  oblique. 

In  size  and  general  appearance  it  also  closely  resembles  small  exam- 
ples of  NeriUna  compacta^  Forbes,  from  the  Cretaceous  rocks  of  India  5 
but  it  is  less  oblique,  or  more  gloltose  in  form,  and  has  four  denticles 
instead  of  only  three  on  its  columella^  It  is  possible  I  should  call  it 
Nerita  pisi/ormis^  aa  the  denticiilations  of  its  columella  are  rather 
strongly  developed  foT^Neritina,  in  which  genus  the  columella  is  usually 
smooth,  or  only  finely  crenate.  Its  general  aspect,  however,  is  more  like 
species  of  the  latter  group. 

Locality  and  position, — Coalville,  Utah,  from  the  Cretaceous  beds 
below  the  heavy  lower  bed  of  coal  mined  there. 

Admete!  rhomboides,  Meek. 

Shell  rather  small,  rhombic  suboval,  or  short  subfusiform,  the  length 
being  slightly  more  than  twice  the  breadth  at  the  widest  part,  which  is 
near  the  middle;  spire  rather  depn»S8ed-conical,subturreted  ;  volutions 
five  or  six  ;  convex ;  last  one  forming  about  three-fourths  the  entire  bulk 
of  the  shell,  and  more  than  half  of  its  length,  widest  near  its  upper  part, 
and  abruptly  narrowed  below  so  as  to  present  an  obliquely  obovate 
form  ;  suture  rather  deep  from  the  convexity  of  the  volutions ;  aperture 
naiTow,  subaugular  above  and  narrowed  below  to  a  small  notch  at  the 
base  of  the  truncated  columella,  which  is  provided  with  two  small  obscure 
plaits  or  folds,  the  lower  of  whicli,is  formed  by  the  twisted  margin  of  the 
truncated  inner  lip,  while  the  other  is  phiced  a  little  farther  np ;  outer  lip 
sharp,  with  its  margin  slightly  retreating  above,  and  more  prominent 
below,  or  near  the  middle.  Surface  ornamented  by  distinct  vertical  folds, 
that  are  usually  well  developed  on  the  volutions  of  the  spire,  and  around 
the  upper  part  of  the  body  whorl,  but  become  obsolete  below ;  moderately 
distinct  revolving  lines  also  mark  the  lower  part  of  the  body  volution, 
but  tbese  appear  to  become  obsolete  on  its  upper  part,  and  on  those  of 
the  spire,  as  specimens  are  usually  found. 

Length,  0.37  inch;  breadth,  0.21  inch  ;  angle  of  spire  about  58o. 

1  am  much  jierplexed  in  regard  to  the  proper  disposition  to  make  of 
this  and  the  first  two  of  the  iollowing  species.  In  some  of  their  charac- 
ters, they  would  seem  to  be  related  to  certain  tyi)es  of  the  Jlft/riwd*,  such 
as  FM/pc«</^,151ainvilIe,(=  Fw/pea//a,Klein ;)  while  in  others  theyappear 
to  have  affinities  to  the  CanceUariidw^  being  much  like  the  genus  Ad- 
mete.  Without  being  at  all  satisfied,  however,  that  they  belong  prop-  » 
erly  to  the  latter  genus,  I  have  concluded  to  refer  them  to  it,  provision- 
ally, for  the  i)resent,  until  better  specimens  can  be  obtained  for  study 
anil  comparison.  My  present  impression  is,  that  they  will  prove  not  to 
belong  properly  to  any  of  the  established  genera,  when  all  their  charac- 
ters can  bo  clearly  made  out.  If  it  should  be  found  desirable,  however, 
to  establish  a  new  group  tor  their  reception,  I  would  propose  for  it  the 
name  Admetopsia^  from  the  resemblance  of  the  shell  to  the  typical  forms 
of  the  genus  Admete. 

Jjocality  and  pomtion, — Coalville,  Utah.    From  Cretaceous  beds  be- 
neath the  lower  heavy  bed  of  coal  at  that  place. 

Admete  !  gregaria,  Meek. 

Shell  small,  oval,  subfusiform;  spire  moderateV^  ptoiiv\\\^\A,^  ^oivivssft^ 
and  apparently  terminating  in  a  pointed  apex  *,  voVwXivo^^  ^n^  ot  ^vs^-k  ,  { 
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convex,  sometimes  showing  a  slight  tendency  to  become  shouldered 
above,  last  one  forming  about  halt  the  entire  lengtii  of  the  shell,  gen- 
erally a  little  wider  above,  and  narrowed  and  somewhat  produced 
below;  suture  well  defined,  in  consequence  of  the  convexity  of  the  volu- 
tions; aperture  narrow,  slightly  longer  than  the  spire,  acute  above,  and 
narrowing  to  a  small,  well-defined  sinus  at  the  base  of  the  truncated 
columella,  which  is  provided  with  two  small  folds,  one  of  which  is  formed 
by  the  twisted  lower  edge  of  the  truncated  columella,  while  the  other 
occupies  a  position  a  little  above,  and  passes  around  more  obliquely ; 
surface  ornamenteil  by  comparatively  rather  strong,  regular,  vertical 
ridges  or  folds  that  sometimes  become  nearly  or  quite  obsolete  on  the 
body  volution,  especially  below  its  upper  part.  Grossing  these  folds  and 
the  depressions  between  them,  much  smaller  revolving  ridges  and  fur- 
rows may  be  seen  on  well-preserved  specimens,  though  these  are  also 
sometimes  obsolescent,  excepting  around  the  lower  part  of  the  body 
volution. 

Length  of  a  medium-sized  adult  specimen,  0.50  inch ;  breadth,  0.25 
inch ;  angle  of  spire,  about  42o. 

This  species  will  be  at  once  distinguished  from  the  last  by  its  propor- 
tionally more  prominent  spire  and  less  expanded  body  volution.  It  is  a 
much  more  abundant  shell  than  the  last,  being  found  often  in  consider- 
able numbers  clustered  together. 

Locality  and  position  same  as  last. 

ADMETEf  suBFUSiFORMis,  Meek. 

Shell  subfusiform,  with  the  length  nearly  three  times  the  breadth ; 
spire  elongated,  conical,  turreted;  volutions  seven  or  eight,  convex; 
last  turn  more  than  half  the  entire  length ;  suture  well  defined,  in  con- 
sequence of  the  convexity  of  the  whorls;  aperture  narrow,  equaling 
about  two-fifths  the  entire  length  of  the  shell,  angular  behind,  and  nar- 
rowing below  to  a  small,  sharply-defined  notch  at  the  base  of  the  trun- 
cated columella,  which  seems  to  bear  two  small  folds  near  its  lower  part, 
one  being  formed  by  the  twisted  and  truncated  lower  magin ;  inner  lip 
a  little  thickened;  surface  ornamented  by  distinct,  regular,  vertical 
folds  that  are  nearly  or  quite  obsolete  on  the  body  volution  below  its 
uijper  part,  and  regular  revolving  lines  quite  well  defined  on  the  body 
turn,  especially  its  lower  part,  and  appear  to  be  obsolete  on  those  of  the 
spire;  lines  of  growth  moderately  distinct. 

Length,  0.50  inch  ;  breadth,  0.20  inch  ;  angle  of  spire,  about  30o. 

This  species  diflers  even  more  strongly  from  the  last  than  that  form 
does  from  the  species  r/*owi&o/Je«,  having  a  much  more  elevated  spire  and 
a  proportionally  smaller  body  volution  and  aperture.  In  ornamentation 
the  three  forms,  however,  are  much  alike.  The  species  here  under  con- 
sideration shows  a  somewhat  more  thickened  inner  lip  than  1  have  yet 
seen  in  either  of  the  others. 

For  the  reasons  already  explained,  this  and  the  last  may  have  to  take 
the  names  Turricula  gregaria  and  T.  suhfmiformis^  if  all  three  do  not,  as 
suggested  further  back,  require  to  be  grouped  together  as  a  new  section, 
under  the  names  AdmeiopsiH  rhomboidesj  A.  gregaria j  and  A.  subfaaiformis. 

Locality  and  />o«/tion  same  as  last. 

TURBITELLA  COALVILLENSIS,  Mcck. 

Shell  attaining  p  large  size,  elongateconieal ;  volutions  apparently 
ten  or  more,  distinctly  convex,  the  most  prominent  part  of  those  of  the 
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spire  being  somewhat  below  the  middle,  where  they  are  angular ;  sur- 
fiace  below  the  angle  flattened,  or  a  little  concave,  and  sloping  rather 
abruptly  inward  and  downward  to  the  suture,  while  above,  to  near  the 
upper  margin,  where  thei-e  is  a  shallow  revolving  concavity  a  little  below 
the  suture,  it  is  ccHivex;  last  volution  probably  biangular  around  the 
middle;  suture  well  dehned;  aperture  unknown.  Surface  ornamented 
by  rather  obscure  revolving  ridges,  about  five  of  which  may  be  counted 
on  each  volution  of  the  spire,  one  being  at  the  lower  margin  immediately 
above  the  suture;  another,  which  is  also  the  largest,  occupying  the  most 
prominent  angular  part  of  the  whorl;  and  above  this  three  others 
occur,  one  being  above  the  revolving  concavity,  and  at  the  immediate 
upper  margin ;  lines  of  growth  obscure  and  making  a  strong  backward 
curve  in  crossing  the  middle  of  the  volutions. 

I  have  not  seen  8i)ecimens  of  this  fine  species  sujQGlciently  well  pre- 
served to  be  able  to  give  accurate  measurements,  though  those  I 
have  had  an  opportunity  to  examine  indicate  a  length  of  not  less  than 
two  inches  and  a  fraction,  and  a  breadth  of  0.93  inch.  The  angle  of  its 
spire,  as  taken  from  near  the  middle  of  a  largo  specimen,  imperfect  at 
both  extremities,  measures  about  23^,  while  smaller  individuals,  com- 
posed of  five  or  six  of  the  upper  volutions,  show  an  angle  of  nearly  3(P. 
It  is,  therefore,  evidently  a  large,  robust  species,  that  increases  rather 
xapidly  in  size  from  the  apex. 

Specimens  of  this  species  were  brought  in  by  Dr.  Hayden  a  year  or 
two  since,  and  were  supposed  by  me  probably  to  belong  to  T.  Martine- 
zensisj  Gabb,  to  which  it  is  evidently  related  in  size,  form,  and  general 
appearance.  Since  seeing  the  California  State  collection,  at  San  Fran- 
cisco, during  the  past  summer,  however,  and  some  additional  collections 
from  Coalville,  I  have  become  satisfied  that  the  Utah  shell  is  distinct 
from  l^ir.  Gabb's  species.  In  this  opinion  Mr.  Gabb  also  concurs,  after 
seeing  our  specimens.  The  most  obvious  difference  is  that  our  shell 
has  the  volutions  constantly  convex  above  the  angle,  and  below  the 
revolving  concavity,  near  the  upper  part,  while  in  the  California  species 
the  upper  slope  of  the  volutions  is  regularly  concave  from  the  upper 
margin  to  the  angle.  Better  specimens  would  doubtless  show  other 
difl'erences. 

Locality  and  position. — Coalville,  Utah.  From  the  Cretaceous,  beneath 
the  lower  heavy  bed  of  coal. 

TUREITELLA  SPIRONEMA,  Meek. 

Shell  rather  small,  or  scarcely  attaining  a  medium  size,  elongate  coni- 
cal; volutions  about  fifteen,  increasing  very  gradually  in  size,  mod- 
erately convex,  last  one  rounded  in  the  middle;  aperture  apparently 
ovate;  columella  rather  regularly  arcuate.  Surface  ornamented  by 
squarish,  rather  regular  revolving  thread  like  lines,  with  ne^irly  equal 
furrows  between ;  about  five  to  seven  or  eight  of  the  lines  and  furrows 
are  seen  on  each  of  the  turns  of  the  sjnre,  and  nearly  twice  as  many  on 
the  body  whorl,  where  those  below  the  middle  become  abruptly  smaller 
and  more  crowded  than  those  above;  lines  of  growth  obscure  and  gently 
arched  in  crossing  the  volution;  suture  moderately  distinct. 

Length  of  the  largest  specimen  found,  0.82  inch ;  breadth  of  body  volu- 
tions, 0.23  inch;  spire  nearly  regular;  divergence  of  its  slopes,  about  17°. 

There  is  a  slightly  polished,  appearance  of  the  surface  of  this  sheii 
that  is  not  often  seen  in  the  true  Turritellaj  and  gives  origin  to  some 
doubts  whether  it  may  not  belong  to  some  group  allied  to  Acli^  <s\  Me- 
nestho*    As  in  size  and  general  appearance,  bo^eiver^  \t.  «ej^\si%\.^^^T- 
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respond  more  nearly  to  Turritella^  I  *  have  concluded  to  refer  it  pro- 
visionally to  that  genus  until  better  specimens  can  be  obtained  for  study 
and  comparison.  None  of  those  yet  seen  show  satisfactorily  the  exact 
form  of  the  aperture. 

Locality  and  position, — Carleton's  coal-mine,  Coalville,  Utah.  Creta- 
ceous. 

TURRITELLA  (AOLIST)  MICRONEMA,  Meek. 

Shell  small  terete  or  elongate  conical;  volutions  about  nine,  nearly 
flat,  sometimes  moderately  convex,  increasing  gradually  in  size,  last  one 
rounded  or  obscurely  subaugnlar  in  the  middle;  suture  linear  to  mod- 
erately distinct;  aperture  rhombic-subovate,  angular  above.  Surface 
ornamented  by  fine,  regular,  rather  crowded  revolving  Hues,  six  to  eight 
of  which  may  be  counted  on  each  volution  of  the  spire. 

Length  of  the  largest  specimen  seen,  0.50  inch ;  breadth,  0.18  inch ; 
angle  of  spire  about  19^,  with  slightly  convex  slopes. 

This  may  not  be  a  TurHtella,  the  specimens  not  being  in  a  condition 
to  show  the  texture  of  the  shell,  or  to  give  a  very  clear  idea  of  its  aper- 
ture and  lip.  It  would  be  a  rather  small  species  for  that  genus,  and  if  it 
possessed  the  delicacy  of  surface  seen  in  those  genera  it  might,  perhaps, 
with  more  propriety  be  referred  to  Aclis  or  Menestho.  The  fractured 
lip  in  some  of  the  specimens  has  somewhat  the  appearance  of  a  slight 
angularity  or  a  very  small  notch  at  the  base  of  the  aperture,  but  tliis 
may  be  due  to  the  manner  in  which  it  is  broken ;  if  not,  it  would  seem 
to  present  affinities  to  the  genus  Mesalia.  It  will  be  readily  distinguished 
from  the  species  I  descried  under  the  name  T.  spironema,  by  it«  less 
attenuated  form  and  finer  and  less  distinct  revolving  lines.  It  is  also 
not  nearly  so  attenuated  toward  the  upper  part  ot  the  spire  as  that 
species. 

Locality  and  position. — Coalville,  Utah,  from  the  Cretaceous  below  the 
lower  heavy  bed  of  coal  mined  at  that  place. 

Fusus  (Neptune a!)  Gabbi,  Meek.   • 

Shell  rather  small,  fusiform;  spine  moderately  prominent,  conical; 
volutions  seven  or  eight,  convex  ;  last  one  somewhat  ventricose  in  the 
middle,  and  rather  suddenly  contracted  below  into  the  narrow,  slightly 
twisted,  more  or  less  bent,  and  apparently  moderately  produced  canal; 
suture  well  defined;  aperture  rhombic-subovate,  and  rather  suddenly 
narrowed  into  the  canal  below.  Surface  ornamented  with  equal,  dis- 
tinct, regularly  disposed  varices  or  vertical  folds,  about  eight  of  which 
may  l)e  counted  on  the  penultimate  volution,  and  less  on  the  lK)dy-whorl, 
where  some  of  them  become  obsolete;  crossing  these  are  also  seen  fine 
revolving  lines,  and,  a  little  below  the  suture,  apparently  a  shallow 
revolving  furrow,  that  gives  it  a  slightly  banded  appearance. 

Length,  including  canal,  about  0.87  inch  ;  breadth,  0.40  inch;  slopes 
of  spire  straight,  and  diverging  at  an  angle  of  about  50^. 

The  specimens  of  this  species  contained  in  the  collection  are  quite 
imperfect,  being  mainly  casts,  retaining  more  or  less  of  the  shell.  From 
such  material  it  is,  of  course,  impossible  to  determine,  with  much  confi- 
dence, the  generic  aflinities  of  shells.  I  have,  therefore,  provisionally 
referred  it  to  the  genus  FusuSj  putting  in  parentheses  the  name  Nep- 
tunca,  with  a  mark  of  doubt,  to  indicate  that  I  suspect  it  may  belong  to 
that  group,  with  the  limits  assigned  it  by  some  conchologist«.  It  seems, 
however,  quite  as  probably  to  belong  to  Tritonidea^  as  understood  by 
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some.    The  specific  name  is  given  in  honor  of  my  friend,  William  M. 
Gabb,  the  paleontologist. 

Locality  and  pomtian. — Coalville,  Utah;  from  Cretaceons  beds  below 
the  lower  heavy  bed  of  coal  mined  at  that  place. 

Fusus  (Neptunea?)  Utahensis,  Meek. 

Shell  of  moderate  size,  short  fusiform ;  spire  rather  depressed,  conical ; 
volutions  about  four  j  those  of  the  spire  a  little  convex;  last  one  large 
and  ventricose,  rounded  or  very  slightly  flattened  around  the  middle 
and  contracted  rather  rapidly  below  into  a  narrow  cannl  that  is  longer 
than  the  spire,  and  more  or  less  bent  to  the  left ;  aperture  rhombic, 
angular  above  and  narrowed  and  prolonged  into  the  canal  below.  Sur- 
face, (as  determined  from  a  cast  in  sandstone,)  with  obscure  vertical 
ridges,  about  twelve  of  which  may  be  counted  on  the  penultimate  volu- 
tion, while  on  the  last,  or  body- whorl,  they  become  nearly  or  quite  obso- 
lete. (Revolving  lines  probably  also  marked  the  surface  of  the  shell, 
though  no  traces  of  anything  of  the  kind  are  seen  on  the  cast,  except- 
ing a  shallow  furrow  above  the  suture  on  the  volutions  of  the  spire.) 

Length,  including  canal,  about  1.90  inches ;  breadth,  0.91  inch ;  angle 
of  spire,  about  67®. 

As  in  the  last,  ^e  have  not  the  means  of  determining  the  generic 
characters  of  this  species  with  any  degree  of  certainty,  and  merely  place 
it  provisionally  in  the  genus  Fusus  with  Neptunea  in  parentheses  to  in- 
dicate that  ft  niny  be  found  to  belong  to  that  group.  It  is  a  rather 
decidedly  larger  shell  than  the  laat,  with  a  distinctly  less  elevated  spire, 
and  more  obscure  vertical  ridge  or  varices. 

Locality  and  position, — Coalville,  Utah  ;  from  "  Chalk  Hill,"  considera- 
bly above  the  lower  heavy  bed  of  coal  mined  there.    Cretaceous. 

TuRBONiLLA  (Chemnitzia!)  Coalvillensis,  Meek. 

Shell  elongate-conical;  volutions  ten  or  eleven,  moderately  convex; 
last  one  not  niuch  produced  below,  rounded  or  sometimes  obscurely  sub- 
angular  around  the  middle;  suture  well  defined;  aperture  rhombic- 
suboval,  being  angular  above  and  apparently  a  little  so  below ;  inner 
lip  slightly  thickened,  ratherdeeply  arched,  a  little  reflected,  and  closely 
ai)pressed  below ;  outer  lip  thin.  Surface  ornamented  by  rather  strong, 
simple,  regular,  nearly  or  quite  straight  vertical  lidges,  crossed  by  regu- 
larly disposed  revolving  lines,  (about  ten  or  eleven  of  the  ridges  and 
five  or  six  of  the  revolving  lines  being  seen  on  each  volution  of  the 
spire ;)  while  only  the  revolving  lines  are  continued  below  the  middle 
of  the  body  volution. 

Length  of  a  large  specimen,  1  inch ;  breadth,  0.40  inch ;  angle  of 
spire,  from  20®  to  25°. 

Noue  of  the  specimens  of  this  species  yet  seen  are  quite  perfectly  pre- 
served at  the  base  of  the  aperture.  Some  of  them  look  as  if  there  had 
been  a  slight  angularity  there,  while' others,  dift'ering  in  no  other  respect, 
present  appearaiices  that  leave  room  for  doubt  on  this  point.  In  some 
of  its  characters  this  shell  reminds  one  of  the  fresh-water  GoniobasiSy  to 
which  I  was  at  one  time  much  inclined  to  refer  it,  and  I  am  hardly 
quite  sure  yet  that  it  may  not  have  to  take  the  name  Goniobasis  Coal- 
villensis. Slany  authors  refer  very  similar  shells  to  Chemnitzia^  but  it  has 
not  so  large  and  produced  a  body  volution  and  aperture  as  the  forms 
to  which  Mr.  Conrad  and  Dr.  Stoliczka  propose  to  apply  that  name.* 

*The  genus  CAfniiii/.na,  d'Orbicny,  a9  originally  proiMsed^  is  ffCDeraUy  regarded  aa  «^\i^ 
onynis  with  TurlMmlla,  Kisso;  bnt  d'Orbigny  liiiuself,  at  a  l&tei  dvxXck,  ^^(^v^^  \,<^\^n^ 
designed  to  use  it  for  another  group. 
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If  foaD(l  in  any  of  tbe  Palseozoic  rocks,  most  geolo^sts  would  refer  it 
to  Loxonema  of  Phillips.  Whether  or  Dot  the  nucleus  or  a|)ex  of  its 
spire  was  covered  as  in  the  typical  species  of  Turbanilla  I  have  been 
unable  to  determine.  It  is  a  far  larger  shell,  however,  than  the  species 
upon  which  that  genus  was  founded. 

Specifically,  this  shell  seems  to  be  related  to  Turbonilla  Spillniani^ 
Conrad,  (Jour.  Acad.^.  S.,  vol.  iv,  new  series,  PL  46,  Fig.  28,)  but  its 
vertical  folds  or  costsB  are  straighter,  less  crowded,  and  less  nuqierous, 
while  its  revolving  lines  are  smaller  and  more  numerous.  Its  a|>erture 
also  certainly  differs  in  being  decidedly  more  angular  above,  and  proba- 
bly somewhat  so  below.  It  may  likewise  be  compared  with  ikahria 
Mathewsoniij  Gabb,  from  Cretaceous  rocks  of  California,  from  which  it 
differs  in  having  less  convex  volutions,  or  less  rounded  aperture,  less 
crowded  vertical  ridges,  and  more  distinct  and  coarse  revolving  lines. 

Locality  andpositian. — Coalville,  Utah;  from  below  the  lowest  heavy 
bed  of  coal  at  that  locality.    Cretaceous. 

EuLiMA  FUNicuLA,  Meek. 

Shell  snbterete  or  elongate-conical;  spire  regularly  tapering  from 
the  middle  of  the  body  volution  to  the  apex,  or  with  very  slightly  convex 
slopes ;  volutions  about  twelve,  flattened ;  last  turn  not  much  enlarged, 
subangular  around  the  middle ;  suture  merely  linear ;  aperture  ovate  or 
rhombic-subovate ;  inner  lip  slightly  thickened  and  refleoted.  Surface 
smooth. 

Length,  0.65  incli ;  breadth,  0.20  inch ;  divergence  of  slopes  of  spire, 
about  190. 

This  shell  has  much  the  appearance  of  a  slender  NisOyhxxt  it  certainly 
wants  the  umbilicus  seen  in  that  genus;  its  axis  not  being  in  the 
slightest  degree  perforated.  It  is  even  more  like  some  recent  species  of 
Eulimctia^  and  may  possibly  have  to  take  the  name  Eulimella  funicula 
when  its  generic  characters  can  be  more  clearly  determined  from  the  ex- 
amination of  good  specimens.  The  best  examples  I  have  seen  do  not  show 
the  extreme  apex  of  the  spire,  or  vei-y  clearly  the  form  of  the  aperture. 
So  far  as  v.nu  be  determined,  however,  its  columella  does  not  seem  to 
present  the  straightness  seen  in  Eulimella,  I  know  of  no  closely  allied 
Cretaceous  species.  • 

Locality  and  position. — Cretaceous,  at  Coalville,  Utah. 

Eulima!  chrysallis.  Meek. 

Shell  small,  elongatesubconoid,  or  snbfusiform ;  spire  conical ;  vo- 
lutions about  eight,  flattened  nearly  to  the  slope  of  the  spire ;  suture 
nearly  linear;  aperture  subovate  ;  inner  lip  a  little  reflected  and  mod- 
erately jirched  ;  outer  lip  unknown  ;  surface  smooth. 

Length  about  0.29  inch  ;  breadth,  0.12  inch. 

I  am  by  no  means  sure  this  is  a  true  Eulima^  not  having  seen  any 
specimens  showing  very  clearly  the  form  of  the  aperture,  or  the  nature 
of  the  outer  lip.  It  has  the  general  aspect  of  that  genus,  however,  and 
may  be  ])bice(l  there  provisionally  for  the  present,  until  better  speci- 
mens can  be  obtained  for  study.  It  will  be  at  once  distinguished 
from  the  last,  by  its  less  produced  spire,  les&  numerous  volutions,  and 
proportionally  larger  body-whorl. 

Locality  and  j^o^itiow.— Carleton's  coalmine,  near  Coalville,  Utah. 
Cretaceous* 
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BULIMA  1  INCONSPIGUA,  Mcek. 

Shell  small,  conoid-snbovate;  spire  conical;  volutions,  eip^bt  or  nine, 
a  little  convex  and  compactly  coiled^  suture  distinct;  aperture  appar- 
ently subovate ;  surface  smooth. 

Length,  0.17  inch ;  breadth,  0.07  inch;  spire  with  straight  slope  that 
diverges  at  an  an  angle  of  about  22<^. 

*  This  is  another  form  that  I  only  refer  with  great  doubt  to  JBulvna,  the 
specimen  not  being  in  a  condidon  to  show  the  exact  form  and  nature  of 
the  aperture.  It  will  be  ready  distinguished  from  the  last  by  its  more 
convex  volutions,  proportiouaily  shorter  spire,  and  moi*e  expanded  body- 
whorl.    It  is  probably  not  a  Eulima. 

Locality  andpoHitian. — Same  as  last. 

Melampus  antiquus,  Meek. 

Shell  subovate,  thin ;  spire  moderately  prominent,  conical,  andabruptly 
pointed ;  volutions,  about  eight ;  those  of  the  spire  very  short  and  nearly 
fiat;  last  one  large ;  widest  above  and  tapering  below ;  suture  shallow, 
with  a  slightly  impressed  line  a  little  below  it,  around  the  upper  margin 
of  each  volution;  aperture  narrow;  columella  and  inner  lip  provided 
with  four  very  prominent  laminae  or  folds,  with  sometimes  ooo  or  two 
smaller  ones  above  these,  near  the  top  of  the  aperture ;  outer  lip  thin 
and  strengthened  by  a  few  tranverse  ridges  within.  Surface  showing 
only  five  obscure  lines  of  growth  and  presenting  a  somewhat  x>olished 
appearance. 

Height  of  a  small  specimen,  0.43  inch ;  breadth,  about  0.27  inch. 

1  have  only  seen  very  imperfect  specimens  of  this  shell,  but,  taken 
together,  they  give  a  correct  idea  of  nearly  all  of  its  chhracters.  Some 
of  them  are  three  or  four  times  the  linear  dimensions  of  that  from  which 
the  above  measurements  were  taken. 

Among  the  specimens  from  the  same  locality  and  bed,  there  are  some 
very  large  broken  examples,  too  imperfect  for  detailed  description,  that 
seem  to  belong  to  a  more  elongated  species,  with  a  more  produced  spire 
than  that  described  above.  This  form,  however,  as  far  as  its  characters 
can  Ik?  made  out,  appears  to  agree  with  the  foregoing  in  nearly  all  other 
respects.    If  distinct,  it  might  be  called  M.  eloiigatus. 

Locality  and  portion. — Carleton's  coal-mine,  near  Coalville,  Utah.  Cre- 
taceous. 

Valvata  nana,  Meek. 

Shell  small,  depressed  subglobose,  or  subdiscoidal ;  spire  depressed; 
volutions  three  and  a  half,  rounded;  suture  deep;  umbilicus  compara- 
tively small;  aperture  rounded  suboval;  surface  nearly  smooth  or  only 
showing  fine  obscure  lines  of  growth  under  a  magnifier. 

Breadth  of  largest  specimen,  0.12  inch;  height  about  0.08  inch. 

Compared  with  V.  subumbilicata^  M.  and  H.,  from  the  Tertiary  lignites 
of  the  Upper  Missouri  country,  this  little  shell  will  be  readily  dis- 
tinguished, by  its  smaller  umbilicus,  more  prominent  spire,  and  more 
oval  aperture.  It  also  has  a  smaller  umbilicus  and  a  less  rounded 
aperture  than  the  recent  V,  sincera.  Its  spire  is  more  depresse.l,  it» 
ar>erture  more  oval,  and  umbilicus  rather  smaller  than  the  living  species 
V.  tricariTuita^  var.  Hmplex^  Say. 

Locality  and  position, — Carletori's  coal-mine,  Coalville,  CJtah.  Creta- 
ceous. 
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Physa  Carletoni,  Meek. 

Shell  rhombic-sabovate,  attaining  a  medium  size ;  very  thin ;  spire 
short  and  small ;  volutions  about  three,  last  one  very  large,  or  forming 
near  nine-tenths  the  entire  bulk  of  the  shell;  aperture  unknown ;  sur- 
face showing  rather  obscure  lines  of  growth. 
'    Length,  0.56  inch;  breadth,  0.35  inch. 

The  only  specimen  of  this  species  I  have  seen  is  somewhat  im])erfect,* 
^and  so  connected  with  a  portion  of  the  arenaceous  matrix  that  its 
ax>erture  and  columella  cannot  be  seen.  It  seems  to  have  most  nearly 
resembleil  such  recent  species  as  P.  Lordiy  Baird,  in  general  form.  I 
should  not  have  attempted  to  name  and  characterize  the  species  without 
seeing  the  columella  and  ajierture,  had  it  not  seemed  desirable  to  call 
attention  to  it  as  the  first  species  of  the  genus  hitherto  found  in  the 
well-u)<arked  Cretaceous  strata  of  this  country. 

The  specific  name  is  given  in  honor  of  Mr.  Benjamin  Carleton,  the 
gentleman  who  owns  the  coal-mine  at  which  the  specimen  was  found, 
and  avssisted  us  in  collecting  the  fossils  found  -at  the  same. 

Locality  and  position. — Carleton's  coal-mine,  near  Coalville,  Utah,  in  a 
Cretaceous  bed,  associated  with  Unio^  Cardium^  InoceramuSy  Anomia^ 
Neritinaj  and  other  marine  and  fresh-water  shells. 

Species  from  the  Bitter  Creek  aeries. 
OsTREA  Wyomingeksis,  Meek. 

Ostrea  Idriaensia  f  t  Meek,  1872.    Hayden's  Greoloj^ical  Report,  Montana,  Ac,  p.  375, 

(not  O.  IdriacnaiSf  Gabb.) 

Ostrea  Wyomingenne,  Meek,  1872;  ib. 

Shell  attaining  a  moderately  large  size,  rather  compressed,  subovate, 
or  trigonal-subovate,  being  pointed  at  the  beaks,  and  more  or  less 
rounded  at  the  opposite  extremity.  Lower  valve  usually  rather  shallow; 
beak  generally  somewhat  acutely  pointed,  undistorted,  and  nearly  al- 
ways curved  upward  at  the  extremity;  ligament  area  comparatively 
small,  trigonal,  with  the  longitudinal  furrow  and  transverse  stria)  well 
defined ;  posterior  lateral  margins  flattened,  and  rather  broad,  in  conse- 
quence of  the  lateral  expansion  of  the  imbricating  lamina)  of  growth; 
muscular  scar  comparatively  small ;  surface  with  only  irregular  imbri- 
eating  but  not  strongly  projecting  laminae  of  growth.  Upper  valve 
smaller  than  the  other,  nearly  flat  on  the  upper  side  and  slightly  con- 
cave within  ;  beak  less  pointed  than  in  the  other  valve,  being  usually  a 
little  truncated  at  the  extremity,  which  is  straight  or  nearly  so  ;  liga- 
ment area  of  the  same  size  and  nearly  the  same  form  as  in  the  other 
valve,  excei)ting  that  it  is  not  curved,  but  directed  obliquely  upward 
and  backward,  and  has  its  anterior  margin  forming  a  transverse  ridge, 
as  usual  most  prominent  in  the  middle  at  the  end  of  the  mesial  longi- 
tudinal ridge,  whict  is  rounded,  or  somewhat  flattened,  and  continued 
to  the  point  of  the  beak;  posterior  lateral  margins  thickened  in  adult 
shells,  and  only  rarely  showing  slight  traces  of  crenulations;  surface  as 
in  the  other  valve. 

Length  of  large  examples  from  beak  to  anterior  extremity,  6  inches; 
breadth,  4  inches.  Average-sized  specimens  are  generally  a  little  nar- 
rower in  proportion  to  length. 

In  Dr.  Ilayden's  report  of  1872,  1  referred  this  oyster  with  much 
doubt  to  0.  Idriaensis,  Gabb ;  but  ut  the  same  time  expressed  the  opin- 
ion that  it  would  probably  prove  to  be  a  distinct  and  undescribed  species, 
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and  suggesting  for  it  the  name  0.  Wyomingensia^  in  case  further  com- 
parisons should  confirm. this  suggestion.  Since  that  time  I  have  had 
an  opportunity  to  see  many  other  examples  of  it  at  the  locality,  as  well 
as  to  examine  specimens  of  the  Californian  shell  in  the  collection  at  San 
Francisco,  and  no  longer  have  any  hesitation  in  regard  to  the  form  here 
under  consideration  being  si>ecifiically  distinct.  Its  lower  valve  has  con 
Btantly  a  much  more  pointed,  produced,  and  upward-curved  beak; 
while  none  of  the  large  number  of  si)ecimens  have  the  hinge  and  beak 
distorted  laterally,  as  is  not  uncommonly  the  case  in  that  species.  It 
has  more  nearly  the  characters  of  the  common  recent  0.  Virginiaiia^  and 
O.  borealis,  but  also  differs  from  these  in  having  the  beak  of  its  lower 
valve  constantly  more  pointed  and  produced,  as  well  as  curved  upward 
instead  of  being  merely  straight,  or  irregularly  distorted.  Another 
marked  and  constant  difference  is,  that  it  always  has  its  muscular  scars 
decidedly  smaller,  in  individuals  of  corresponding  sizes,  than  we  see  in 
the  recent  shells ;  while  it  never  shows  any  traces  of  the  longitudinal 
ridges  or  plications  often  met  with  in  the  latter. 

Locality  and  j^oaition, — Point  of  Bocks,  Wyoming  Territory,  where  it 
is  very  abundant  in  a  thin  bed  just  above  the  upper  of  the  four  beds  of 
coal  observed  near  the  tops  of  the  hills  there.    Bitter  Greek  series. 

Anomia  (Placunopis  !)  gryphorhynohus.  Meek. 

Aniyinia  gryphorkynchus,  Meek,  1871.    Hayden's  Annual  Report,  p.  375. 

Compare  0$trea  anomic^armM,  Roemer,  1652.  Kroid  Yon  Texas,  p.  75,  tab.  ix,  fig.  7  a.-e. 

Since  describing  this  little  shell  in  the  yeport  cited  above,  I  have  had 
an  opportunity  to  examine  a  very  large  number  of  S()ecimens  at  the  lo- 
cality, and  after  returning  home ;  and  from  these  collections  a  fullei 
and  more  accurate  description  is  given  below. 

Shell  (for  an  Anomia)  of  medium  size,  thin  and  pearlaceons,  a  little 
obliquely  subovate,  or  moi^  or  less  orbicular  in  outline,  usually  some- 
what nan'owed  toward  the  beak,  and  more  broadly  rounded  at  the  op- 
posite margin,  often  rather  convex,  but  variable  in  this  respect ;  cardi- 
ual  margin  arcuate  transversely,  or  very  slightly  truncated,  scarcely 
thicker  than  other  parts  of  the  shell,  and  without  any  proper  marginal 
cartilage-facet.  Upper  valve,  (assuming  the  shell  to  be  an  Afioniia,)  in 
the  more  ventricose  individuals,  with  the  umbo  somewhat  attenuated 
and  curved  so  as  to  pi*esent  the  appearance  of  the  under  valve  of  a 
Grypkcea^  excepting  that  the  obtuse  immediate  apex  is  not  quite  mar- 
ginal. Surface  usually  appearing  smooth,  but  in  well-preserved  speci- 
mens (especially  those  most  depressed  in  form)  sometimes  very  faint 
traces  of  fine  radiating  striae,  and  thin  raised  lamellse  of  growth,  may 
be  seen.    No  scars  of  attachment  observed  on  any  of  the  specimens. 

Ijength  and  breadth  of  an  orbicular  sx)ecimen,  0.83  inch;  convexity  of 
same,  0.33  inch ;  breadth  of  an  oval  specimen  of  the  same  length,  0.G3 
inch ;  while  there  are  all  gradations  between  these  extremes  of  form. 

In  first  describing  this  si>ecies,  I  was  unable  to  see  any  traces  of  mus- 
cular scars,  in  any  of  the  specimens  then  studied,  but  many  of  those 
since  collected  show  them  very  clearly.  They  are  precisely  as  in  Anomia  ; 
that  is,  there  are  four  impressions,  one  small  one  by  the  side  of  a  little 
Bubmarginal  cartilage  pit,  close  up  under  the  beak,  and  three  others 
near  the  middle  of  the  valve,  the  largest  one  of  the  latter  being  nearest 
the  cardinal  margin,  and  the  two  smaller  ones  just  below  the  large  oue« 
The^e  three  central  scars  are  more  or  less  nearly  ciicuV^  ot  on^^  ^vl^ 
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usually  distinct  from  each  otber,  but  sometimes  in  contact  or  a  little 
blended  together. 

As  the  specimens  firom  which  the  foregoing  description  was  drawn  up 
agree  so  exactly  with  the  upper  valve  of  Anomia,  both  in  all  internal 
and  external  characters,  it  may  be  asked,  wby  should  there  be  any 
doubt  in  regard  to  the  shell  really  belonging  to  that  genus  f  The  rea- 
son for  doubt  on  this  point  is,  that  among  thousands  of  perfect  separate 
valves,  not  a  single  one  with  the  usual  perforation  for  the  passage  of 
a  byssal  plug,  such  as  we  always  observe  in  the  under  valve  of  Anamiay 
is  to  be  seen.  While  at  the  locality,  diligent  search  was  made,  among 
vast  numbers  of  well-preserved  separate  valves,  for  some  traces  of  such 
a  perforated  valve,  without  success.  It  is  true  we  found  a  few  much 
depressed  valves,  some  indeed  quite  flat,  but  all  alike  entirely  without 
any  perforation,  or  even  emargination.  These  few  flat  valves  found 
usually  have  the  cardinal  margin  alittle  more  truncated  than  theothers, 
but  agree  well  with  them  in  size,  general  outline,  texture,  surface-mark- 
ings, and  their  muscular  impressions,  as  well  as  in  never  having  their 
more  dei>re8sed  beak  quite  marginal.  No  two  specimens,  however, 
were  found  united  in  such  a  manner  as  to  show  that  the  flat  and  convex 
valves  belong  to  tbe  same  individuals.  Yet  it  is  worthy  of  note  that  if 
these  flat  and  slightly  convex  valves  are  not  the  opposite  valves  of  the 
ventricose  deeper  ones,  we  must  view  all  of  the  countless  thousands  of 
individuals,  almost  entirely  composing  a  bed  18  inches  to  2  feet  in  thick- 
ness, as  upper  valvei)  only,  (assuming  the  fossil  to  be  an  Anamia^)  and 
believe  that,  by  some  unaccountable  agency,  these  were  deposited  here 
together,  without  the  admixture  of  any  of  the  opposite  valves.  At  one 
time  I  was  inclined  to  think  this  shell  might  belong  to  Morris  and  Ly- 
cett's  genus  Placunopsi^j  which,  it  will  be  remembered,  agrees  with 
Anemia^  excepting  in  having  no  sinus  or  perforation  in  the  lower  valve ; 
and  it  is  possible  tbat  this  may  be  the  case.  There  are,  however,  some 
objections  to  this  view.  In  the  first  place,  Placunopsis  hns  not,  I  be- 
lieve, been  found  above  the  Oolite,  while  the  bed  in  which  the  fossil 
under  consideration  occurs,  if  even  Cretaceous,  must  belong  to  the  up j)er 
part  of  that  system.  Again,  the  flat  or  depressed  specimens,  that  this 
view  would  require  to  correspond  to  the  under  valve  of  Placunopsv^^  are 
found,  on  critical  examination,  to  have  their  slight  obliquity  in  the  same 
direction  as  that  of  the  deeper  valves,  instead  of  the  reverse,  as  would 
be  the  case  if  the  two  forms  are  the  oi>posite  valves  of  the  same  shell.* 

From  these  facts,  and  the  exact  agreement  in  the  number  and  ar- 
rangement of  the  muscular  impressions  in  all  of  these  specimens,  it 
seems  more  probable  that  they  are  all  the  same  valve  of  the  shell,  va- 
rying in  their  convexity  in  different  individuals.  This,  it  is  tine,  would 
leave  unexplained  the  cause  of  the  entire  absence  of  any  of  the  oppo- 
site or  lower  valves,  whether  it  be  an  Anomia  or  a  Placunopai^,  Still, 
it  is  well  known  that  currents  sometimes  perform  curious  freaks,  in  the 
way  of  assorting  from  other  material  and  depositing  objects  of  like 
kinds  together. 

In  most  respects,  this  shell  agrees  so  nearly  with  Ostrea  anomiaformi^^ 
of  Roenier,  (Kreid.  Von  Texas,  p.  75,  pi.  ix,  tig.  7  d-e,)  from  the  Upper 
Cretaceous  of  Texas,  that  I  Itave  even  suspected  that  it  might  be  the 
same.  His  figures,  however,  represent  a  rather  more  attenuated  beak 
of  tlitc  convex  valves,  and  less  obliquity,  both  in  the  convex  and  flat 
valves.    A  much  more  important  difference,  supposing  his  figures  to  be 


"  I  mean  tbut  the  obliqnity  is  in  the  same  direction,  yiewlng  the  two  ibrms  both  t» 
tAe  mme  way  either  lookiug  at  the  interior  or  exterior. 
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exact  ID  all  respects,  is  to  be  observed  in  the  moscalar  impressions, 
there  being  only  one  central  impression  represented  in  his  Fig.  7  e, 
instead  of  three ;  though  above  this,  he  shows  the  same  kind  of  a  little 
transverse  cartilage  I  pit,  and  smalt  round  impression  by  its  side,  seen 
in  our  shell ;  only  both  are  placed  farther  in  from  the  margin.  Still,  as 
the  larger  central  scar  of  his  figure  shows  some  slight  indications  of 
division,  and  the  three  central  scars  in  our  shell  are  sometimes  in  con- 
tact, I  should  not  be  surprised  if  a  critical  comparison  would  show  that 
there  are  no  real  differences  between  the  muscular  impressions  of  the 
Texas  shell  and  that  under  consideration.  That  our  shell  is  not  an 
oyster,  however,  is  clearly  evident,  from  its  muscular  impressions,  as 
well  as  from  its  want  of  a  marginal  cartilage-facet,  and  never  having  its 
beaks  quite  marginal.  From  the  same  submargiual  characiter  of  the 
beaks  in  the  form  figured  by  Roemer,  and  its  want  of  a  true  marginal 
cartilage-facet,  as  well  as  from  its  general  physiognomy,  I  do  not  hesi- 
tate to  express  the  opinion  that  it  is  not  a  true  oyster.  While  looking 
through  the  California  State  geological  collection,  at  San  Francisco, 
last  summer,  I  saw  specimens  of  a  shell  either  identical  with  that  here 
described,  or  very  closely  allied  to  it,  marked  ^^Sau  Diego,  Cretaceous, 
Mr.  Morse,  collector.'' 

Locality  and  position. — ^Two  miles  below  Point  of  Bocks,  Wyoming. 
3itter  Creek  series. 

CORBICULA  (VEL.OBITINA)  OYTHEBIFOBMIS,  M.  and  H.t 
Cyrena  (CorbicalaT)  cyiheriformMy  M.  and  H.,  1860.    Proceed.  Acad.,  May,  p.  176. 

9 

The  shell  I  here  refer  with  doubt  to  the  above  species  is  certainly  a 
very  closely  allied  form,  if  not  the  same.  About  the  only  external 
difference  I  have  been  able  to  see,  on  couiparison  with  the  types  of  the 
0.  cytheriformisj  is  that  specimens  bere  under  consideration  usually  have 
the  beaks  rather  more  elevated,  a  little  more  pointed,  and  slightly  less 
oblique.  Their  posterior  dorsal  slope  is  also  a  little  straighter  in  most 
specimens.  On  examiuinga  considerable  uumberof individuals, however, 
they  are  found  to  vary  more  or  less  in  most  of  the^e  characters,  so  that 
if  there  are  no  differetices  in  the  binge  and  interior,  the  slight  external 
differences  may  be  only  such  as  might  be  produced  by  local  conditions. 

Of  the  form  under  consideration,  we  have  specii^ens  showing  f)erfectly 
the  hinge,  and  muscular  and  pallial  impressions,  as  well  as  all  of  the 
external  characters.  These  show  that  the  cardinal  teeth  have  the  back- 
ward obliquity  of  the  type  of  the  group  Veloritina,  and  that  the  laterals 
are  Elongated  nearly  as  in  Corbicula,  though  not  quite  so  long,  nor  so 
distinctly  striated;  and  that  the  posterior  lateral  is  separated,  by  nearly 
its  own  length,  from  the  posterior  cardinal.  The  hinge  characters  are, 
therefore,  almost  exactly  intermediate  between  Corbicula  and  Veloritina^ 
,the  chief  difference  from  the  latter  group  being  the  slender  elongated 
character  of  the  anterior  lateral  tooth,  as  in  Corbicula.  Unfortunately 
we  have  no  specimens  of  the  typical  C,  cyiheriformis  showing  the  hinge 
clearly  enough  for  minute  comparisons.  I  suspect,  however,  that  specific 
differences  will  be  found  between  the  hinge  of  that  form  and  the  speci- 
mens under  consideration.  Both  have  the  pallial  impression  provided 
with  a  shallow  rounded  sinus. 

Locality  and  position. — Point  of  Eocks,  on  Bitter  Creek,  Wyoming, 
near  the  bottom  of  section  seen  there ;  as  well  as  at  a  much  higher  hori- 
zon, at  Black  Butte  Station,  on  the  Union  Pacific  Bailroad^  ^^<5\a\\!i^% 
Bitter  Creek  series. 
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Corbicula!  fracta,  tar,  crassiuscula,  Meek. 

Corhicula  f  fracta^  Meek,  1870.    Hayden's  Annual  Report  for  that  year,  page  314. 

This  shell  agrees  so  very  closely  in  form  and  size,  as  well  as  in  its 
hinge  and  pallial  and  muscular  impressions,  surface,  characters,  &c., 
with  the  species  I  have  described  in  the  report  above  cited,  from  the 
shale  over  one  of  the  Hallville  beds,  under  the  name  Corhicula  fracta^ 
that  it  hardly  seems  proper  to  separate  it  specifically.  Yet,  in  the  thick- 
ness of  the  substance  of  these  shells  from  the  two  localities  and  horizons, 
there  is  a  very  marked  difference;  those  from  Hallville  being  extremely 
thin,  even  in  the  largest  specimens,  the  thickness  not  measuring  more 
than  from  0.02  to  0.03  inch,  while  in  examples  of  corresponding  size  of 
those  here  under  consideration,  it  measures  from  0.10  to  0.12  ln(;h  in 
thickness.  The  latter  also  seem  to  be  more  convex,  but  the  Hallville 
specimens  being  generally  more  or  less  flattened  between  the  lamiuse 
of  the  shale,  it  is  difficult  to  know  exactly  how  far  this  want  of  convexity 
may  be  due  to  accidental  pressure. 

I  am  aware  that  shells  found  in  argillaceous  shales  are  usually  thinner 
than  examples  of  the  same  species  from  more  calcareous  deposits ;  but  I 
have  never  seen  a  difference  of  this  kind  so  strongly  marked  in  specimens 
certainly  known  to  belong  to  the  same  species.  This  thicker  shell  is, 
therefore,  placed  here  provisionally  as  a  variety  of  G,  fracta^  under  the 
name  crassiuscula^  which  it  can  retain  if  further  comparisons  should  show 
it  to  be  specifically  distinct. 

In  describing  the  species  G.  fracta^  I  noticed  several  points  of  differ- 
ence between  it  and  the  characteristic  forms  of  Corhicula  and  Cyrena^ 
and  suggested  for  the  group  of  which  it  may  be  regarded  as  the  type 
the  subgeneric  name  Leptesthes,  The  peculiarities  mentioned  were  the 
extreme  thinness  of  the  shell,  and  its  very  elongated  depressed  form. 
The  specimens  here  under  consideration  show  that  the  thinness  of  the 
shell  is  not  a  constant  character,  though  they  at  the  same  time  show  that 
this  type  presents  other  more  iiuportiint  difl'erence^,  of  which  I  had  seen 
indications  before,  but  which  I  did  not  mention  especially,  because  the 
specimens  then  seen  were  not  sufiiciently  well  preserved  to  permit  .these 
characters  to  be  clearly  defined.  They  are  differences  in  the  hinge. 
For  instance,  although  the  primiiry  teeth  do  not  differ  materially  from 
those  of  Corbicula  and  Cyrena,  the  anterior  lateral  tooth  differs  fi*om 
that  of  Cyrena  in  being  linear  and  elongated  parallel  to  th*'!  hinge-mar- 
gin, as  well  as  slightly  striated,  thus  agreeing  with  the  corresi)onding 
tooth  of  Corbicula,  Its  posterior  lateral  tooth,  however,  on  the  other 
hand,  is  more  nearly  as  in  Cyrena,  being  shorter  than  in  Corbicula^  and 
placed  very  remote  from  the  cardinal  teeth,  while  the  intervening  cardi- 
nal margins  are  wide,  flat,  and,  when  the  valves  are  united,  close  fitting. 
Yet  this  tooth  is  also  striated  as  in  Corbicula,  though  less  distinctly. 
Again,  the  ligament  is  also  decidedly  longer  than  in  Corbicula,  ov  Ihau  is 
usual  in  Cyrena,  and  also  less  prominent,  there  being  apparently  no 
elevated  lulcTum  for  its  attachment.  The  pallial  line  shows  a  shallow 
Bubsemicircular  sinus. 

It  will  thus  be  seen  that  these  shells  combine  some  of  the  characters 
of  both  Cyrena  and  Corhicula,  without  agreeing  exactly  with  either.  It 
is  well  known  to  paleontologists,  however,  who  have  studied  fossil- 
shells  of  these  groups,  that  there  are  many  species  that  show  interme- 
diate characters  between  these  genera,  so  that  some  eminent  authorities 
do  not  admit  the  genus  Corhicula,  but  place  the  whole  under  Cyrena. 
Should  this  view  prevail,  tl\e  forms  here  under  consideration  might  be  so 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       513 

disposed  of.  Still,  even  in  that  case,  it  would  seem  desirable  and  con- 
venient to  separate  them  subgenerically,  by  writing  the  name  Cyrena 
(Leptesthes)  fracta.  If  the  two  groups  Cyrena  and  Corbioulaj  however, 
are  to  be  regarded  as  distinct  genera,  there  would  be  nearly  or  quite 
as  good  reasons  for  so  regarding  Leptesthes  as  a  genus. 

Locality  and  position. — Black  Butte  Station,  Wyoming,  upper  beds. 
Bitter  Greek  series. 

CoRBiouLA  (Veloritina)  Bannisteri,  Meek. 
• 
.Shell  of  about  medium  size,  subglobose,  the  valves  being  very  con- 
vex and  Bubcircniar  in  outline ;  ventral  margin  forming  a  regular  semi- 
circular curve  ;*  anterior  and  iiosterior  margins  nearly  equally,  and  more 
narrowly,  rounded ;  dorsal  outline  declining  distinctly  from  the  beaks, 
the  anterior  slope  being  more  abrupt  and  concave  in  outline,  and 
the  posterior  very  convex,  with  the  iK)sterior  dorsal  margins  of  the  valves 
inflected  so  as  to  form  a  deep,  rather  broad  sulcus  when  the  valves  are 
united }  beaks  prominent,  ventricose,  incurved,  contiguous,  and  placed 
about  one-third  the  length  of  the  shell  from  the  anterior  margin ;  luuu- 
lar  region  impressed ;  surface  ornamented  with  fine  lines  and  small  but 
rather  distinct,  somewhat  regularly  arranged,  concentric  ridges  and  fur- 
rows.   (Hinges  and  interior  unknown.) 

Length,  0.87  inch ;  height,  0.83  inch :  convexity,  0.66  inch. 

This  is  a  very  neat,  symmetrical  shell,  readily  distinguished  from  the 
other  species  yet  known  from  the  rocks  of  this  region,  by  its  short,  very 
convex  form,  and  rather  distinct,  regular,  concentric  ridges  and  furrows. 
In  one  character  it  agrees  with  C.  Durkeei^  from  the  brackish- water  beds  at 
Bear  River  City,  more  nearly  than  any  other  species  I  have  yet  seen. 
That  is,  in  having  the  posterior  dorsal  region  of  its  valves  strongly 
inflected,  so  as  to  form  a  deep,  broad  sulcus  or  escutcheon  along  this 
slope  when  the  valves  are  united.  Its  rounded,  ventricose  form  and 
stronger  concentric  markings,  however,  readily  separate  it  from  that 
shell,  from  which  it  also  diflers  in  being  much  smaller,  while  its  gibbous 
form  shows  it  to  be  an  adult  shell.  It  is  also  related  to  C.  ocddenialU^ 
M.  &  H.,  from  the  estuary  beds  near  the  mouth  of  Judith  River,  but  it  is 
more  rounded  in  outline,  more  gibbous,  and  diflers  in  the  inflected  char- 
acter of  its  posterior  dorsal  region,  its  stronger  surface-markings,  and 
more  impressed  lunule.  I  have  not  yet  seen  its  hinge  or  interior,  but 
from  its  general  external  characters,  I  have  little  doubt  that  it  belongs 
to  the  section  Veloritina, 

The  specific  name  is  given  in  honor  of  Dr.  Henry  M.  Bannister,  who 
discovered  the  only  specimen  of  the  species  1  have  seen. 

Locality  and  position, — Bitter  Creek  series,  Black  Bntte  Station 
Wyoming  at  the  same  horizon  as  the  large  saurian  found  there. 

CORBULA  UNDIFERA,  Meek. 

Shell  of  moderate  size,  trigonal-subovate,  rather  convex,  the  inequal 
ity  of  the  valves  not  being  very  strongly  marked,  though  always  obvi 
ous ;  beaks  moderately  prominent,  (that  of  the  right  valve  being  only  a 
little  more  elevated  than  the  otber,)  located  in  advance  of  the  middle, 
contiguous,  and  incurved,  with  a  scarcely  perceptible  forward  inclination  j 
posterior  extremity  subangular  at  the  connection  of  its  margin  with  the 
base;  posterior  dorsal  slope  more  or  less  convex  in  outline;  anterior 
margin  rather  short  and  rounded ;  base  semi-ovate  in  outline^  \^\\!i\^ 
most  prominent  anteriorly,  and  somewhat  straigYitevie^  ^a^m^-^  X^'^V 
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v^alve  aboat  one-fourth  less  convex  than  the  other,  with  posterior  ninbo- 
nai  slope  distinctly  angular  from  the  beak  to  the  posterior  basal  extrem- 
ity ;  right  valve  with  posterior  umbonal  slope  less  strongly  angulated ; 
surface  of  both  valves  omamentetl  with  concentric  ridges,  generally  small 
and  regular  on  the  umbonal  region,  but  often  swelling  out  into  a  few  very 
prominent,  angular  folds  with  rounded  depressions,  marked  by  distinct 
lines  of  growth,  and  some  small  ridges  between,  on  the  lower  half  of  the 
valves ;  all  the  ridges  and  folds  generally  becoming  obsolete  behind  the 
angular,  posterior,  umbonal  slopes,  but  continued  forward  to  the  front. 

Length  of  a  well-develo[>ed  specimen,  0.76  inch;  height  to  top  of 
umbo  of  left  valve,  0.66  5  height  to  top  of  same  of  right  valve,  0.58  inch; 
convexity  of  the  two  valves  united,  0.41  inch. 

The  most  marked  feature  of  this  species  is  its  very  strongly  elevated, 
sharp,  irregular,  concentric  ridges  that  rise  into  larger  angular  folde 
below  the  middle  of  the  valves,  thus  giving  an  equally  rugose  appear- 
ance to  both  valves.  C  perundata,  of  M.  and  H.,  has  nearly  as  strong 
concentric  ridges,  but  they  are  much  more  regular,  and  instead  of  being 
shai*i)ly  angular,  with  rounded,  broader  spaces  between,  as  in  the  species 
here  described,  they  are  broadly  rounded,  with  narrow,  angular  ftirrows 
between,  on  that  shell,  which  also  want43  the  angular,  posterior,  umbonal 
slopes  of  this  species. 

Locality  and  position, — Eock  Spring  Station,  Central  Pacific  Bailroad. 
Wyoming  Territory.    Upper  part  of  Bitter  Creek  series. 

CORBULA  TROPIDOPHORA,  Meek. 

Shell  distinctly  trigonal,  with  height  a  little  more  than  three-fourths 
the  length,  moderately  convex ;  valves  subequal,  the  right  one  being  only 
a  little  more  convex  than  the  other,  and  having  its  beak  not  much  more 
prominent;  both  with  posterior  umbonal  slopes  angular  from  the  beaks 
to  the  posterior  basal  extremity,  that  of  the  left  valve  especially  being 
very  distinctly  so,  while  the  sides  of  the  valves,  (particularly  that  of  the 
left  valve,)  in  front  of  the  angular  umbonal  slope,  are  flattened ;  anterioi 
outline  truncated  with  slight  obliquity  from  the  beaks  to  the  anterior 
basal  extremity,  which  is  subangular  or  very  abruptly  rounded  into  the 
base ;  posterior  dorsal  margins  abruptly  inflected  toward  each  other 
from  the  umbonal  ridge,  and  forming  a  nearly  straight  sloi>e  from  the 
beaks  to  the  posterior  basal  extremity,  which  is  distinctly  angular; 
pallial  margin  gently  convex  in  outline  from  the  front  to  the  posterior 
angle;  beaks  moderately  prominent,  oblique,  incurved,  contiguous,  and 
located  about  half  way  between  the  middle  and  the  anterior  margin. 
Siirlace  ornamented  by  fine  lines  of  growth,  and  more  or  less  defined 
ridges  and  furrows  that  are  usually  most  distinct  on  the  lower  half  of 
the  right  valve.  Cartilage  process  of  the  left  valve  spoon-shaped,  rather 
prominent,  and  larger  than  the  pit  by  its  side  for  the  recep'tiou  of  the 
tooth  ol"  the  other  valve.     (IJinge  of  right  valve  unknown.) 

Length  of  a  medium-sized  specimen,  0.12  inch  ;  height  to  top  of  beak 
of  right  valve,  0!52  inch  ;  height  to  top  of  same  in  left  valve,  0.49  inch  ; 
convexity  of  the  two  valves  nnited,  0.33  inch. 

This  shell  is  very  closely  allied  to  C,  nuhtrigotialuf,  M.  and  H.,  with 
which  I  have  even  been  inclnied  to  think  it  might  be  ideuticaL  The 
tyi)i(al  s|)e(!imen  of  that  species  is  a  left  valve  only,  so  that  we  have  not 
the  means  of  making  a  veiy  thorough  comparison.  Compared  with 
this  hit  valve,  however,  the  corresponding  valve  of  the  form  under  cou- 
sidenition,  although  agreeing  closely  in  general  outline,  is  seen  to  be 
decidedly  more  compressed,  has  its  umbo  less  gibbous,  and  not  so 
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strongly  incurved,  while  its  posterior  nmbonnl  ridge  is  much  more 
angular.  Its  cartilage-process  is  also  larger  and  more  prominent,  and 
the  pit  by  its  side  for  the  reception  of  the  tooth  of  the  other  valve  is 
proportionally  smaller.  As  the^peciraen  of  C.  subtn'gonalis  is  evidently 
water-worn,  however,  the  more  rounded  character  of  its  posterior  um- 
bonal  ridge  may  be  in  part,  at  least,  due  to  that  cause,  though  the 
other  difference  mentioned  could  hardly  have  been  so  produced. 

Alpng  with  the  typical  specimens  of  the  species  here  described  there 
are  separate  right  valves,  apparently  of  this  species,  a  little  larger  than 
the  corresponding  valve  of  the  perfect  specimen  from  which  the  descrip- 
tion was  drawn  up.  This  valve  shows  a  distinct  furrow  along  the  inner 
side  of  the  lower  margin  for  the  reception  of  the  edge  of  the  other  valve, 
which  furrow  doubtless  also  exists  in  the  typical  specimen,  but  cannot 
be  seen  because  the  two  valves  are  united.  There  is  also  another  right 
valve,  from  the  same  locality  and  bed,  that  is  proportionally  much 
higlier  and  shorter,  and  has  its  beaks  almost  exactly  central,  so  as  to 
present  more  nearly  the  outline  of  an  equilateral  triangle.  This  may 
belong  to  a  distinct  but  allied  species ;  if  not,  it  would  indicate  a  con- 
siderable variation  in  the  outline  of  the  species  described. 

Locality  and  position, — Point  of  Rocks,  Wyoming.  Bitter  Creek  series. 

GoNiOBASis  !  INSCTJLPTA,  Meck. 

Shell  terete,  or  elongate-subconical ;  volutions  ai>parently  about  ten, 
convex,  or  sometimes  flattened-con vex,  increasing  gradually  in  size;  last 
one  not  much  enlarged,  and  without  an  angle  around  the  middle,  some- 
times slightly  concave  above  in  large  specimens;  suture  well  defined ; 
aperture  unknown.  Surface  ornamented  by  distinct,  regular,  nearlj' 
straight,  or  slightly  arched  vertical  costre,  about  sixteen  of  which  may 
be  counted  on  each  volution,  while  crossing  these  are  smaller  regular, 
deep,  revolving  furrows  that  cut  each  rib  into  live  or  six  little  transverse 
nodes,  which,  from  the  obsolescence  of  the  vertical  costoe  on  the  lower 
part  of  the  last  turn,  become  more  or  less  continuous  revolving  lines  on 
that  part  of  the  shell. 

The  specimens  of  this  species  yet  obtained  are  too  imperfect  to  afford 
the  means  of  giving  accurate  measurements.  Judging,  however,  from 
some  of  those  in  the  collection,  large  adult  individuals  would  seem  to 
have  attained  a  length  of  1.40  inches,  with  a  breadth  of  body-volution  of 
near  0.50  inch.  Some  of  these  larger  specimens,  consisting  of  three  or 
four  of  the  lower  volutions,  show  but  a  very  gradual  decrease  in  breadth 
upward;  while  some  of  those  composed  of  the  upper  part  of  the  shell 
indicate  a  divergence  of  about  18^  for  the  angle  of  that  portion  of  the 
spine. 

As  none  of  the  specimens  show  the  aperture,  it  is  not  possible  to 
determine,  from  those  yet  seen,  whether  this  shell  really  belongs  to  the 
fresh-water  genus  Ooniobasis^  or  to  some  marine  genns,  although  the 
sx)ecies  will  be  readily  recognized  by  its  sculi)turing.  Its  only  known 
associates  are  fragments  of  Ostrea  and  Modiola^  with  Corbula  undifera^ 
an  asvsociation  that  would  certainly  favor  the  conclusion  that  it  should 
be  referred  to  a  marine  genus,  in  which  case  it  would  most  probably  fall 
iwtO'Bittium^  and  have  to  be  called  B.  insculpta.  We  have,  however, 
several  examples  of  unquestionable  fresh-water  shells  associated  with 
marine  types,  in  some  of  the  rocks  of  this  region ;  while  the  general 
aspect  of  this  shell  seems,  as  far  as  known,  to  associate  it  with  Gonio- 
basis.  The  fact,  too,  that  nearly  all  the  si)ecimens  yet  see\i  «i\^  ^^vv^- 
mentary,  seems  to  indicate  that  the  species  dW  not  \\\fe  *\w  \N\<i  ^esosv^^ 


516       GEOLOGICAL  SUHVEY'  OF  THE  TERRITORIES. 

waters  with  the  other  forms  found  associated  with  it,  but  that  the  speei- 
lueiis  may  have  been  washed  into  the  sea  from  streams  on  the  neighbor- 
ing shores. 

In  several  respects  this  species  resembles  Cetnthium  mexicanumj  Gabb, 
figured  and  described  in  the  California  geological  report,  from  the  Cre- 
taceous rocks  of  Mexico.  It  differs,  however,  in  showing,  so  far  as  yet 
known,  no  traces  of  the  varices  seen  on  that  shell;  while  the  little  nodes 
formed  by  the  crossing  of  its  revolving  lines  and  vertical  costse  are  trans- 
versely elongated,  instead  of  rounded,  as  on  the  Mexican  species,  which 
is  i)rol)ably  a  Cerithlum, 

Locality  and  position, — Rock  Spring,  Wyoming,  from  a  little  above  the 
n)aiu  ten-foot  bed  of  coal  at  that  locality.    Bitter  Creek  series. 

Melania  Goniobasis  (?)  WYOMmGBNSis,  Meek. 

Shell  attiiining  a  rather  large  size,  snbterete,  or  very  elongate-conieal ; 
volutions  about  nine  or  ten,  the  npi)er  ones  flattened-couvex,  and  the 
lower  two  or  three  more  prominent;  suture  well  defined  but  not  deep. 
Surface  of  upper  volutions  ornamented  by  small,  regular,  rathto 
crowded,  and  slightly  ar<5hed  vertical  costse,  crosseu  by  five  or  six 
regular  revolving  lines,  that  impart  to  them  a  granular  or  minutely 
nodular  appearance ;  farther  down,  the  vertical  costae  become  less  and 
less  distinct,  so  as  nearly  or  quite  to  disappear  on  the  lower  turns, 
while  the  revolving  lines  become  proportionally  stronger,  especially  one 
a  little  above  the  middle  of  each  volution,  which  develops  a  revolving 
row  of  rather  distinct  nodes  that  are  compressed  from  above  and  below, 
so  as  to  become  sharply  prominent  on  the  lower  two  volutions,  thus 
giving  them  an  angular  appearance ;  though  the  last  one  is  rounded  be- 
low this  angle.    (Aperture  unknown.) 

Length, about  !3  inches;  breadth,  about  0.70  inch. 

It  is  not  probable  that  this  shell  belongs  properly  either  to  the  genus 
Melania  or  Goniobasis,  as  those  genera  are  now  restricted  by  the  best 
authorities  in  conchology ;  though  I  have  little  doubt  that  it  will  fall 
into  Melania,  as  defined  and  understood  by  those  who  give  greater  lati- 
tude to  genera.  It  is  probable  that  when  its  aperture  can  be  seen,  it 
will  be  found  to  present  characters  that  would  warrant  its  separation 
under  a  new  generic  name.  I  suspect,  indeed,  that  some  others  of  our 
fossil-shells  of  this  kind,  from  the  fresh  and  brackish  water-beds  of  the 
Rocky  3Iountain  region,  will  be  found  to  belong  to  several  undefined 
grou[)s;  but  until  better  specimens  can  be  obtained,  we  can  only  range 
them  provisionally  under  the  established  genera  to  which  they  ite^m  to 
be  most  nearly  allied.  Undoubtedly  at  some  future  time  specimens 
will  be  found  suflieicntly  well  preserved  to  enable  the  paleontologist 
to  classify  them  more  correctly.  It  seems  desirable,  however,  in  the 
mean  time,  to  define  them,  so  that  they  can  be  used  by  geologistJS  in 
identifying  strata,  as  it  may  be  ages  before  perfect  specimens  can  be 
found  ;  while  those  we  now  have  can  be  readily  identified /jpec(^ea//y  by 
their  ornamentation  and  other  well-markexl  characters. 

Tjovalitij  and  position, — I>lack  Butte  Station,  Union  Pacific  Railroad, 
Wyoming  Territory.     Upper  beds  Bitter  Creek  series. 

TERTIARY  FORMS. 
PHV8A  Bkidgerensis,  Mock. 

Shell  attaining  a  large  size,  subovate  in  form;  spire  prominent,  coni 
ail;  vo/utious  four  and  a  half  to  five,  moderately  convex,  last  one  large 
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but  Dot  very  veDtricose;  satare  well  defined;  aperture  narrow-subovate, 
arcuate,  acutely  angular  above,  and  about  twice  as  long  as  the  spire ; 
columella  twisted  into  a  rather  prominent  fold.  Surface  with  fine  sharp 
lines  of  growth. 

Length  about  1.15  inches;  breadth,  0.66  inch. 

This  is  a  fine  large  species,  with  a  more  prominent  spire  than  any  of 
our  recent  species  resembling  it  in  other  respects.  None  of  the  speci- 
mens found  are  perfectly  preserved. 

Locality  and  position. — Church  Buttes,  fourteen  miles  from  Fort 
Bridger,  Wyoming  Territory.    Tertiary. 

liLMNMAy  LlMNOPHYSA  (?)   COMPACTILIS,  Meek. 

Shell  rather  small,  slender,  subfusiform;  spire  conical,  a  little  longer 
than  the  aperture;  volutions  about  six,  very  little  convex,  and  (for  a 
Liransea)  compactly  wound  together;  last  one  not  veutricoae,  but  rather 
produced  below;  suture  distinct  though  shallow,  and  but  little  oblique; 
aperture  narrow  subovate,  very  narrowly  rounded  below,  and  acutely 
angular  above;  outer  lip  not  dilated:  columella  a  little  twisted,  and 
apparently  so  as  to  form  a  small  oblique  plication.    Surface  smooth. 

Length  of  a  medium-size  specimen,  0.50  inch,  breadth  0.20  inch ;  length 
of  aperture  0.22  inch ;  breadth  of  aperture  0.10  inch. 

I  have  not  seen  specimens  of  this  little  shell  showing  the  columella 
clearly  enough  to  be  sure  that  it  belongs  to  the  genus  Limnwa.  There 
is  a  compactness  in  the  rolling  together  of  the  volutions  of  the  spire, 
and  a  want  of  obliquity  and  deepness,  observable  in  the  suture,  that 
are  not  often  seen  in  that  genus,  and  remind  one  of  some  forms  referred 
to  sections  of  the  old  genus  Bulimusj  such,  for  instance,  as  B,  (Tfiau- 
mastus)  californicus. 

Locality  and  position. — Upper  beds  of  the  series  exposed  at  Separation, 
on  the  Union  Pacific  Kailroad,  apparently  belonging  to  the  Tertiary. 

Pupa!  Leidyi,  Meek. 

Shell  clavate-subcylindrical,  being  about  three  times  as  long  as  wide, 
a  little  wider  above  the  middle  than  below,  and  very  obtuse  at  the 
apex;  volutions  about  fifteen,  very  compactly  coiled  together,  and  ex- 
tremely narrow  in  their  vertical  diameter;  suture  merely  linear,  and  so 
slightly  oblique  as  to  appear  to  the  eye  almost  at  right  angles  to  the 
longer  axis  of  the  shell;  aperture  unknown,  but  apparently  small.  Sur- 
face ornamented  by  small,  comparatively  distinct,  regular,  crowded, 
oblique  striaj  of  growth. 

Length  about  0.55  inch ;  greatest  breadth,  0.20  inch. 

The  volutions  of  this  shell  are  so  compactly  coiled,  so  very  narrow, 
and  show  so  little  obliquity,  as  to  give  it  the  appearance  of  the  abdo- 
men of  some  insects,  the  volutions  looking  like  rings,  and  the  obtuse 
ai>ex  of  the  spire  like  the  posterior  extremity  of  an  insect  abdomen.  I 
have  seen  but  two  specimens,  and  neither  of  these  shows  the  aperture; 
consequently  it  is  not  possible  to  determine  whether  or  not  it  is  ar  true 
Pupa.  Indeed  its  subcylindrical  form,  and  numerous  volutions,  give  it 
much  the  appearance  of  Holonpira  of  Albers,  and  it  is  quite  probable 
that  when  specimens  showing  its  aperture  can  be  examined  the  name 
may  have  to  be  changed  to  Holospira  Leidyi.  Specifically  it  rather 
closely  resembles  H,  Beniondij  an  existing  species  found  at  Sonora, 
Mexico.  It  has  a  more  obtuse  apex,  however,  than  that  species,  and 
also  differs  in  having  more  narrow  and  compactly  coWeOi  NoXxxWora^^  ^\i^ 
a  less  oblique  suture. 
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The  specific  name  of  this  iuteresting  little  shell  is  given  in  honor  of 
Professor  Joseph  Leidy,  the  distinguished  comparative  anatomist  of 
Phibulelphia,  who  discovered  one  of  the  specimens  from  which  the 
description  was  drawn  up. 

Locality  and  position. — Tertiary  rocks  twelve  miles  south  of  Fort 
Bridger,  Wyoming  Territory. 
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UNION  PACIFIC  RAILROAD. 


The  followiDg  pages  contain  an  account  of  a  portion  of  the  geological 
reconnaissance  made  by  Mr.  Meek  and  myself  in  the  coal-bearing  forma- 
tions along  the  line  of  the  Union  Pacific  Eailroad  in  the  summer  ol 
1872,  in  connection  with  the  United  States  geological  survey  of  the 
Territories,  Dr.  F.  V.  Hayden  in  charge.  The  work  comprised  the  Col- 
lection of  fossils  from  these  beds,  and  taking  sections  and  such  other 
notes  as  would  serve  for  the  correct  establishment  of  the,various  hori- 
zons in  which  the  collections  were  made,  with  a  view  of  obtaining  fuller 
data  for  forming  a  correct  idea  of  the  formations  and  for  the  determina- 
tion of  their  age.  I  have,  therefore,  given  a  consecutive  account  of  all 
the  localities  visited  by  us,  which  are  not  elsewhere  reported  on  by  Mr. 
Meek,  with  our  examinations  at  each ;  not,  however,  entering  into  ques- 
tions of  economic  geology,  or  of  general  structure,  except  in  so  far  as  it 
appeared  necessary  for  the  elucidation  of  the  points  in  view.  In 
In  making  this  report,  in  addition  to  those  taken  by  myself,  I  have  been 
kindly  allowed  the  use  of  the  field-notes  of  Mr.  Meek. 

Carbon. — The  first  locality  where  we  made  any  examinations  was 
Carbon  St<ition,  the  easternmost  point  where  the  coal  of  this  region  has 
been  opened  and  extensively  worked.  Here  we  stopped  a  day  and  ex- 
amined carefully  for  fossils  in  the  natural  and  artificial  exposures  near 
the  station.  The  structure  here  seemed  a  little  complex,  the  beds  con- 
siderably faulted  and  upturned,  but  we  obtained  an  approximate  section 
sufficiently  accurate  as  to  tlie  relative  location  of  the  different  beds 
from  which  we  obtained  specimens.  The  coal  appears  to  lie  in  a  local 
synclinal,  the  dip  of  the  rocks  immediately  west  of  the  station  being 
from  20°  to  30°  in  a  general  direction  from  east-southeast  to  southeast, 
while  on  the  opposite  side  of  the  little  basin  or  trough  it  was  about 
15^  to  20°,  the  direction  varying  from  southwest  to  west  or  north  oi 
west.  From  the  different  exposures,  and.  from  the  testimony  of  the 
miners  as  to  the  beds  passed  through  in  sinking  shafts,  we  made  the 
following  approximate  section : 

Section  of  the  strata  at  Carbon^  Wyoming. 

Feet   In. 

1.  Argillaceous  shale 8  0 

2.  Coal 0  6 

3.  Sandstone  and  sandy  shale 59  0 

4.  Argillaceous  shale 2  to  5  0 

O.Coal 9  0 

C.  Light-colored  sandy  and  argillaceous  shales,  with  im- 

l)ressions  of  leaves 18  to  20  0 

7.  Co«l  ..   3to5  0 

8.  Light-colored  sandy  shale 9  0 

9.  Coal 4or5  0 

10.  Light  sandy  beds,  sandstone,  and,  perhaps,  some  co.il, 

(estimated) ^'^Vq^^    ^ 
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Feet.  In. 

11.  Light-grayish  sandstone,  weathering  yellowish  or  red- 

dish, and  varying  much  in  hardness  in  difierent  por- 
tions, irregularly  bedded,  (estimated) 300    0 

12.  Thin-bedded,  hard,  reddish  sandstone 50    0 

The  upper  mem  bers  of  this  section ,  from  1  to  5  iuclusi  ve,  were  given  as  the 
beds,  in  their  order,  passed  through  in  sinking  an  air-shaft,  and  were  not 
seen  in  place  by  either  of  us.  From  an  opening  made  near  the  railroad- 
track,  which  penetrated  a  portion  of  these  t)eds,  a  quantity  of  fragments 
of  a  laminated,  ashy-colored  sand.-tone  were  thrown  out,  which  were 
quite  full  of  impressions  of  leaves.  These,  with  similar  remains  from 
beds  G  and  8,  were  all  the  fossils  we  obtained,  though  it  was  reported 
to  us  that  shells  had  been  found  in  the  beds  underneath  the  main  coal- 
seam,  No.  5.  Number  10  of  the  section  is  nowhere  well  exposed,  and  the 
thickness  of  these  beds,  as  well  as  of  those  immediately  below,  could 
only  be  estimated  in  a  very  general  way.  Number  11  forms  the  high 
bluff  of  fantastically-weathered  sandstone,  which  is  to  be  seen  on  the 
side  of  the  railroad,  a  little  west  of  the  station,  and  which  forms  the 
extremity  of  a  ridge  stretching  away  to  the  north  and  east.  This  ap- 
X)ears  to  be  the  eastern  edge  of  an  anticlinal  valley,  as  in  the  opposite 
ridge,  a  mile  or  two  distant,  the  beds  seemed  to  have  a  reversed  dip  to 
the  west  or  west-northwest. 

FoBT  Steele Our  next  stopping-place  west  of  Carbon  was  at  Port 

Steele,  where  we  made  some  examinations  of  the  strata  in  the  exten- 
sive exposures  along  the  Platte  River,  on  the  southern  aide  of  the  rail- 
road at  this  point.  The  cliffs  on  the  northern  side  were  not  visited,  as 
they  were  merely  the  equivalents  of  the  beds  examined,  and  could  only 
present  local  variations.  Owing  to  a  lack  of  time  we  also  did  not  visit 
the  interesting  localities  on  the  railroad  east  of  the  station  at  the  fort 

Passing  up  the  valley  of  the  Platte  from  Fort  Steele,  the  vicinity  of 
the  post  for  the  first  mile,  or  a  little  more,  is  occupied  by  rounded  hil- 
locks of  whitish  clays,  which  probably  form  the  lowest  of  the  beds 
which  are  exposed  by  the  rift  of  the  anticlinal  at  this  point.  Beyond 
that  distance,  however,  there  appears  a  series  of  ridges  of  harder  sand- 
stone rocks  abutting  immediately  upon  the  left  bank  of  the  river  for 
the  distance  of  a  mile  or  more.  The  hollows,  or  parallel  valleys  between 
the  ridges,  are  caused  by  the  erosion  of  the  less  resistant  intermediate 
beds  of  shales  or  clays.  The  whole  constitutes  an  immense  series  of 
heavy -bedded  grayish -buff  and  drab  sandstones  of  various  degrees  of 
hardness,  altenuiting  to  some  extent  with  ashy  and  dark  colored  shales, 
amounting  altogether  to  several  thousand  feet.  The  sandstones  pre- 
sented a  very  well  marked  jointed  structure,  perpendicular  to  the  lami- 
nation, the  sloping  faces  of  some  of  the  ridges,  when  viewed  from  a  little 
distance,  appearing  like  the  edges  of  vertical  strata.  The  dip  of  the 
ridges  along  the  river  was  nearly  due  south-southeast,  and  the  angle 
in  the  lowest  beds  about  35^,  then  graduallj^  increasing  to  over  40  or  45 
in  the  middle  of  the  series,  and  again  decreasing  to  from  15  to  20  at  the 
upper  limit  of  our  examinations.  Beyond  that  point,  the  beds  appear 
nearly  or  quite  horizontal.  A  little  below  the  middle  of  the  series  we 
found  in  a  bed  of  light-colored  shale  a  stratum  of  about  4  feet  in 
thickness,  almost  entirely  made  up  of  imperfect  specimens  of  an  Ostreaj 
unidentifiable  as  to  species;  the  only  animal  remains  found  in  the  whole 
thickness  of  sandstones  and  shales.  In  the  upper  part  of  the  series  we 
observed  various  seams  of  dark  carbonaceous  shale  approaching  lignite, 
and  at  least  one  snuill  seam  of  coal,  but  without  associated  fossils,  other 
than  indistinct  vegetable  remaius.     In  the  heavy  sandstone-beds  we 
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observed  in  several  places  a  curious  branched  fucoidal  impression,  {Haly- 
menites,)  which  was  afterward  noticed  by  us  in  sandstone-beds  at  vari- 
ous localities  farther  west.  As  far  as  is  indicated  by  the  fossil  remains 
found  by  us,  there  are  no  grounds  for  rendering  any  positive  opinion  as 
to  the  age  of  this  series ;  the  lower  clays,  however,  have  been  deter- 
mined, from  fossils  from  that  horizon,  to  belong  to  the  Cretaceous,  and 
it  is  not  impossible  that  these  overlying  sandstones  may  either  wholly 
or  in  part  be  properly  referred  to  that  period. 

EAWLI^^GS. — Between-  Fort  Steele  and  Eawlings,  the  next  station 
west,  we  made  no  notes  or  collections,  but  stopiied  several  days  at  the 
latter  place  to  examine  the  lower  formations  there  exposed.  The  mount- 
ain immediately  north  of  the  village  is  mainly  composed  of  light-grayish 
or  flesh-colored  syenitic  granite,  above  which  the  sedimentary  beds  lie 
tilted  at  various  angles  and  in  diflerent  directions  on  the  several  sides 
of  the  hill.  Immediately  above  the  granite  is  a  distinctly  stratified  de- 
posit of  siliceous  conglomerate,  passing  in  places  into  a  coarse  pebbly 
sandstone,  but  mainly  made  up  of  rounded  pebbles  of  whitish  quartz, 
rarely  over  one  inch  in  diameter,  in  a  siliceous  matrix.  This  passes 
gradually  into  the  beds  above ;  it  may  be  put  down,  however,  as  about 
75  or  80  feet  at  its  greatest  thickness.  Above  this  we  have  between 
300  and  400  feet  of  hard  grayish  sandstone,  approaching  qnartzite,  regu- 
larly bedded,  the  layers  seldom  exceeding  a  foot  in  thickness.  Its  color 
on  weathered  surfaces  varies  from  a  light  gray  to  a  reddish  brown,  a 
tinge  of  the  latter  color  predominating  throughout  the  whole ;  on 
freshly  fractured  surfaces,  however,  it  is  generally  light  gray,  or  is 
nearly  white.  The  lower  and  heavier  beds  are  almost  a  true  quartzite ;  . 
this  character  is  less  apparent  toward  the  top,  and  some  layers  appear 
to  be  full  of  rough  fucoidal  casts,  which,  however,  were  too  imperfect  to 
be  of  value  a«  specimens.  No  other  fossils  whatever  were  found,  in 
spite  of  a  very  careful  search  ;  but  while  there  was  nothing  absolutely 
characteristic,  Mr.  Meek  was  inclined  from  their  general  resemblance 
to  undoubted  Silurian  beds  in  the  western  country,  as  well  as  their  posi- 
tion and  the  character  of  the  contained  fucoidal  traces,  to  refer  these 
beds  to  the  Lower  Silurian,  and  possibly  to  its  lowest  member.  Above 
the  sandstone  is  from  10  to  15  feet  of  dark  colored  feiTuginous  sand- 
stone, in  places  containing  a  few  pebbles,  and  even  approaching  the 
character  of  a  conglomerate.  The  bed  of  iron-ore  worked  on  the  north- 
eastern side  of  the  mountain  represents,  I  think,  a  portion  of  this 
stratum.  The  sandstone  with  its  ferruginous  capping  is  well  seen  in 
the  two  hills  between  which  the  railroad  passes  about  a  half  mile  west 
of  the  station,  and  also  in  its  upper  portion  at  the  base  of  the  hill  at 
Cherokee  Spring,  three  or  four  miles  northwest  of  the  village.  Un  the 
southwestern  corner  of  the  mountain,  the  sandstone-beds  which  form 
the  summit  of  an  isolated  spur  extending  in  that  direction  are  beauti- 
fully polished  and  finely  striated  from  the  action  of  sand  carried  by  the 
wind,  the  angles  of  the  rock  still  being  preserved. 

Immediately  above  the  ferruginous  upper  layer  of  the  sandstone  is  a 
heavy  limestone  formation,  the  total  thickness  of  which  can  hardly  be 
less  than  300  feet,  and  is  probably  much  more.  It  is  a  hard,  splintering 
rock,  in  places  cherty,  generally  of  a  whitish  or  light-grayish  color,  but 
with  some  layers  dark  bluish-gray.  In  it  we  found  a  specimen  or  two 
of  an  Athyris  closely  resembling,  if  not  identical  with,  A.  subtilita  of  the 
coal  measures  5  indeed,  there  seems  to  be  no  doubt  as  to  the  carbonifer- 
ous age  of  this  rock.  This  limestone  appears  on  the  northeastern  slope 
of  the  mountain  for  about  100  feet  of  its  lower  portion,  and  can  be  ^^^\^ 
in  ridges  on  the  plain  at  its  base.  It  also  caps  t\ie>^ij\\»^\i^X^^^^Vi^\i^$^ 
the  railroad- track  passes  just  west  of  the  stat\OT\,  av\OL\s»»\s»  ^^^^'^^ 
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its  full  thickDess  in  the  hills  near  Cherokee  Spring.  Above  the  lime- 
stone is  a  light  buff  or  yellowish  sandstone  weathering  into  thin  laminie 
in  the  exposures  which  outcrop  in  several  places  in  the  hills  south  of 
the  railroad  near  the  station,  but  we  did  not  measure  its  thickness  nor 
see  its  point  of  junction  with  the  beds  below.  The  vertical  distance 
between  the  highest  outcrop  of  this  rock  visited  by  us  and  the  base  of 
the  limestone  we  estimated  at  from  600  to  800  feet. 

The  rocks  above  the  granite  dip  to  all  points  of  the  compass,  from 
nearly  north  on  the  northeastern  face  of  the  mountain,  around  by  east 
and  southeast,  to  southwest  in  the  hills  near  Cherokee  Spring.  In  the 
hills  near  the  station  it  is  about  10^  southeast,  and  is  continuous  on 
both  sides  of  the  curious  gap  through  which  the  raili-oad  passes.  It 
increases  in  angle  in  the  higher  sandstone  beds,  above  the  limestone, 
which  I  have  mentioned  as  outcropping  in  the  hills  south  of  the  rail- 
road, being  there  not  less  than  20^  or  30°,  still  preserving,  however,  the 
same  direction.  At  Cherokee  Spring  the  beds  are  also  tilted  at  a  high 
angle,  varying  from  20^  to  30°,  apparently  greatest  in  the  lower  sand- 
stones. In  the  northeastern  exposures  on  the  long  slope  of  the  mount- 
ain it  was  slight,  not  averaging  over  10^  or  12^;  in  direction,  ranging 
from  south  of  east  to  nearly  north. 

Separation. — We  did  not  attempt  to  make  thorough  examinations 
at  Rawlings,  or  to  work  out  the  connection  between  these  lower  forma- 
tions and  the  Cretaceous,  as  more  time  would  have  been  required  for 
this  than  we  could  have  well  given.  We  therefore  passed  on  to  Separa- 
tion, the  next  stopping-place  to  the  westwaixl,  where  we  spent  one  day. 
The  station  is  situated  in  a  level  country  with  no  very  prominent  expos- 
ures of  rock  in  place  nearer  than  a  mile  and  a  half  or  more.  At  that 
distance,  however,  in  a  direction  a  little  south  of  east,  we  reached  the 
first  of  a  series  of  low  ridges  extending  across  the  country  in  a  geneml 
north  and  south  direction,  com])08ed  of  thin-bedded  sandstones  dipping 
at  an  angle  of  from  10^  to  15^  to  the  west,  or  a  little  north  of  west^ 
These  ridges  are  caused  by  the  harder  sandstone-beds  standing  out 
prominently  from  the  softer  shales  and  clays  which  form  the  great  mass 
of  the  beds  here.  Walking  directly  across  the  dip  we  passed  over 
eleven  of  these  ridges  in  the  estimated  distance  of  somewhat  less  than 
two  miles,  the  valleys  between,  as  a  general  rule,  affording  no  exjios- 
nres.  At  that  distance  the  series  of  low  ridges  ended  in  a  higli  sloping 
bluff  of  heavy-bedded,  grayish  buff'  sandstone,  faced  in  part  with  a 
largely  eroded  bluish-white  bed.  We  noticed  ten  different  seams  of 
Carbonaceous  shale  or  coal  in  the  ridges,  some  of  which  doubtless 
represent  workable  beds.  •  In  the  upper  part  of  the  first  ridge,  in  the 
highest  beds  of  the  series,  we  collected  specimens  of  leaves  of  deciduous 
trees,  which  were  very  abundant  in  some  of  the  thin  layers  of  sand- 
stone. The  only  other  fossils  we  obtained  were  found  in  a  six  inch  bed 
in  the  second  ridge,  from  which  we  obtained  specimens  of  fresh-water 
shells,  Lymvwa,  Vinparna,  Goniohasis^  and  T/w/o,  nearly  all  fragmentary 
or  in  a  i)oor  state  of  preservatiou.  The  more  eastern  ridges,  the  beds 
of  which  are  lower  in  geological  position,  afforded  no  remains  whatever, 
either  animal  or  vegetable,  to  such  search  as  we  were  able  to  give. 

At  one  point  on  the  plain  between  the  first  ridge  and  the  station,  sand- 
stone-beds appear  at  the  surface,  but  with  a  very  much  reduced  angle 
of  dip,  apparently  scarcely  over  3^  or  4°,  the  direction  still  toward  the 
west.  The  strata  appear  to  assume  a  horizontal  position  very  rapidly 
in  that  direction.  Taking  the  average  of  the  angle  of  the  dip  at  any 
point  from  10^  up  to  l.^-^,  between  which  it  probably  ranges,  perhaps 
even  exceeding  the  latter  figure,  it  will  readily  be  seen  that  an  immense 
thickness  is  included  in  these  ndgc^,  wot.  \e^^  than  1^800  or  2,000  feet. 
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Adding  to  this  several  hundred  feet  of  beds  not  well  exposed,  but  which 
must  intervene  between  the  westernmost  ridge  and  the  point  where  the 
dip  ceases  and  the  strata  become  horizontal,  we  have,  at  a  moderate 
calculation,  from  2,100  to  2,500  feet  of  these  whitish  clays  and  darker 
shales  and  sandstones  above  the  heavy-bedded  sandstone  in  the  bluff 
which  formed  the  lowest  geological  horizon  in  our  hurried  examination 
at  this  point.  We  have  no  positive  evidence  as  to  the  character  of  the 
intermediate  beds  between  the  more  widely  separated  ridges,  as  the 
wash  from  the  elevations  and  surface-soil  covered  all  the  evidences  of 
stratification.  An  artesian  boring  at  the  station  gives  a  record  ot 
alternations  of  clays,  shales,  and  soft  arenaceous  beds  for  some  540  feet, 
which  is  probably  the  usual  character  of  the  softer  beds  generally. 
The  greater  part  of  this  thickness  is  probably  of  Tertiary  age ;  the  lower 
portion,  however,  may  belong  to  the  upper  part  of  the  Cretaceous. 
There  are  no  positive  evidences  of  any  unconformability,  notwithstand- 
ing the  sudden  lessening  of  the  angle  of  the  dip,  and  no  recognizable 
horizou  of  separation  of  the  two  formations  in  the  whole  series  above 
the  heavy  sandstone. 

Bitter  Creek. — From  Separation  we  passed  on  by  railroad  to  Bitter 
Creek,  making  no  stoppage  at  intermediate  stations.  For  the  whole 
distance  there  appeared  to  be  only  exposures  of  higher  Tertiary  beds, 
mostly  horizontal,  or  nearly  so,  which  fill  the  troiigh  between  these  sta- 
tions. At  Bitter  Creek  we  stopped  over  one  day  and  examined  these 
upper  beds,  as  they  are  to  be  seeu  in  the  immediate  vicinity  of  the  sta- 
tion and  in  the  hill  known  under  the  name  of  Table  Hock,  some  four 
miles  or  more  distant. 

Table  Rock  is  a  spur  of  the  range  of  Tertiary  hills  which  appear  for  a 
long  distance  on  the  southern  side  of  the  railroad,  and  also  to  some  extent 
in  conical  outlines  to  the  northward.  In  its  upper  portion  it  is  itself  an 
outlier,  the  strata  of  which  this  part  of  the  hill  is  composed  having  beeu 
washed  away  in  its  immediate  vicinity.  The  section  it  afforded  is  as 
follows,  the  beds  numbered  from  above  downward  : 

Section  of  the  beds  exposed  in  Table  RocTc. 

Ft.  In. 

1.  Hard  brownish  sandstone,  largely  made  up  of  im- 

perfect casts  of  Z7mo,  &c     15  0 

2.  Shale,  partly  carbonaceous . .  0  6 

3.  Light-brownish  sandstone,  massive  and  incoherent..  20  0 

4.  Sandy  shales,  lightcolorea 3  0 

5.  Same  as  No.  3 12  0 

6.  Shaly  sandstone,  light-brown  or  buff 20  0 

7.  Sandstone,  same  as  No.  3 12  0 

8.  Light-colored  shaly  sandstone,  with  intercalated  beds 

of  clay  and  shale 240    0 

9.  Harder  and  slightly  darker  colored  sandstone,  with 

a  great  abundance  of  fossils,  &c.,  Melania^  Vivipa- 

rtis,  &c.,  top  of  first  bench 12    0 

10.  Shaly  beds 25    0 

11.  Sandstone  beds,  containing  Melania^  Unio,  &g 10    0 

12.  Shaly  beds,  witn  a  few  intercalated  thin  layers  of 

harder  sandstone,  and  a  four-foot  seam  of  dark 

shale,  about  midway  from  top  to  bottom 134    0 

From  the  summit  of  the  rock  we  observed,  five  or  six  miles  away  to  the 
eastward,  benches  cx)mposed  of  beds  superior  in  position  to  any  ^^"^^^ 
above  section,  the  thickness  of  which  I  roughly  e^\>Va\^\i^^  ^X,^^V^  \^^\i» 
The  thicknesses  of  the  different  members  ot  the  aecWon  Sfca«^  ^^c^Vck  ^ 
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Fig.  54. 


(freiil  nicasnre  only  estimates,  as  the  circnmstaDues  wore  not  nltogether 
favorable  to  the  making  of  »conrato  nieasaremeiit«.  The  dip  of  the 
tstnttit  ia  about  enstBoutiieast,  from  3°  to  5°,  apparently  diminishing  to 
the  e  11  St  ward. 

The  bed  No.  9  of  the  section,  in  some  of  its  thinner  layers,  appears 
to  be  almost  entirely  made  ap  of  fossil  remains,  mostly  of  a  species  of 
Melnnian,  bnt  also  a  lesser  proportion  of  a  species  of  Viviparns.  In 
places  where  tlio  rock  was  decomposed  the  whole  npper  surface  is  cov- 
ered to  the  depth  of  an  inch  or  more  with  the  loose  casts  of  these  fossils, 
which  can  here  bo  gathered  in  any  quantity,  by  simply  scraping  them 
off  the  ledges.  Other  layers  below,  No.  11,  also  contain  namerous 
fossils,  but  in  very  mnch  less  abundance,  and  casts  of  Unio  are  found 
in  large  numbers,  while  they  are  very  scarce  iu  the  npper  stratA. 
Scarcely  any  fossils  were  found  in  the  beda  other  than  those  speciSed. 

In  the  vicinity  of  Bitter  Creek  Station,  some  foar  or  five  miles  distant 
in  a  general  westerly  or  southwesterly  direction,  Mr. 
Meek  examined  ontcrops  of  some  275  feet  of  alternat- 
ing beds  of  soft  grayish  andbnff  sjiudstones  and  wbit-  ^ 
ish  shales  and  clays,  the  uppermost  of  which,  judg- 
ing fixim  the  dip  and  strike,  must  have  been  as  > 
much  ns  2(KI  feet  below  the  lowest  member  of  the  j  ' 
Table  Eock   section  given  above.     No  fossils  . 
were  found  except  fVaginentsof  fossil-wood; 
nothing  to  characterizeatiy  of  the  beds.  An^ 
artesian  boring  at  the  station  penetrated /' 
i45  feet  through  very  similar  alterno-  ^ 
tions    of   sandstone,   shale,   &c.;   the  ^ 
most  noticeable  variation  in  the  rec- 1 
ord,   as  given,  being  the  occnrronce  j 
at  the  depth  of  1R4  feet  of  an 
ISincb  seam  of  black  carbou- 
nceons  shale.     I5etwccn  the 
lowewt  part  of  (\if     ,__.,,.^' 
esjMsnre  at  the 


country,  affonling  no  prominent  outcrops  by  which  the  cliaraeter  of 
tho  intermediate  beds  could  be  ascertained. 

Black  huttes, — Between  the  station  of  Bitter  Creek  and  that  of  Black 
IJjittes,  thencst  to  the  wefitward,is  a  distance  of  about  nine  miles  by  rail- 
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road,  but  in  a  direct  line  it  is  mach  leas,  probably  not  over  seven  miles,  if, 
indeed,  it  is  that.  A  straight  line  between  the  two  points  would  run  almost 
directly  across  the  dip,  which  will  average,  in  the  whole  distance,  not 
over  50  or  6°,  thus  giving  a  pi-obable  thickness  of  the  tilt^l  strata,  be- 
tween the  stations,  of  over  2,000  feet.  We  were  unable  to  make  a 
detailed  examination  for  the  whole  distance :  the  275  feet  of  sandstones, 
&c.,  examined  by  Mr.  Meek,  would  be  included  in  its  upper  portion,  and 
at  Black  Buttes  a  detailed  section  of  some  hundreds  of  feet  of  the  beds 
was  made  by  Mr.  Meek  and  myself.  Above  this  section,  looking  away 
to  the  eastward,  we  could  see  near  at  hand,  from  a  little  eminence,  sev- 
eral hundred  feet  of  alternations  of  reddish,  purple,  and  bluish-ashy 
shales  and  sandstones,  with  a  few  streaks  of  black  carbonaceous  shales, 
and  beyond  them,  in  the  distance,  a  great  development  of  whitish  beds, 
extending  as  far  a43  anything  could  be  satisfactorily  distinguished  by  the 
eye.  The  wholelandscape wasaboutas desolate ascould well  beimagiued, 
a  series  of  steep  rocky  ridges,  formed  by  the  upturned  edges  of  the 
harder  sandstones,  with  irregular  shallow  vtdleys  between,  ^me  of  the 
reddish  beds  suggested,  by  their  appearance,  the  supposition  that  their 
color  was  due  to  the  combastion  of  lignite  beds  below,  a  hypothesis 
which  was  sufflcently  verified  in  numerous  other  instances  incur  exami- 
nation.   The  succession  of  the  strata  will  be  seen  on  page  526,  Fig.  54. 

Section  at  Black  Buttes  Station, 

Feet. 

1.  Yellowish  gray  sandstone,  with  leaves  of  palm,  (Sabal,) 

&c 2 

2.  Bluish-ashy  laminated  clays 6 

3.  Thin -bedded  grayish  and  brownish  sandstone 1 

4.  Dark  shale 1 

5.  Bluish  laminated  clays 6 

6.  Red  laminated  sandstone  and  shale 20 

7.  Thin  laminated  sandstone  (6  or  8  inches)  and  yellowish 

shales 10 

8.  Coal li 

9.  Light-colored  laminated  sandstone,  becoming  darker 

below —  9 

10.  Shale,  dark  colored  below,  and  lighter  and  more 

sandy  above 7 

11.  Light  gray  laminated,  shale,  capped  with  a  thin  sand- 

stone    8 

12.  Coal 3 

13.  Arenaceous  shales,  with  a  darker  seam  near  middle.  12 

14.  Coal  4 J  feet,  with  dark  shale  above  and  below 6 

15.  Shale,  darker  above,  with  thin  laminated  sandstone, 

Oysters  ', 6 J 

16.  Coal  and  carbonaceous  shale 3 

17.  Dark  grayish  buff  sandstone,  containing  numerous 

leaves  and  bones  of  saurian , .   2 

18.  Shaly  beds  with  thin  sandstone  lamina) 8 

19.  Coal  2  feet,  with  carbonaceous  shale  above  and  be- 

low    4 

20.  Thin  laminated  dark  gray  and  light  shales,  contain- 

ing numerous  fossil  shells  (brackish  water)  in  lower 
portion ;  some  thin  laminae  of  sandstone 6 

21.  Coal \^Vq^ 

22.  Shale ^VwAc^Y 


E. 


\ 
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Feet. 

23.  Soft  bluish  white  sandstone,  mostly  massivei  but  in 

places  thin  bedded 16 

24.  Massive  light  gray  or  grayish  buff  sandstone,  in 

places  almost  dark  brown,  also  becoming  laminat- 
ed in  parts 70 

25.  Soft  light  grayish  sandy  shales  and  clays -  12 

2G.  Gniyish  buff,  massive  sandstone 20 

27.  Thin  sandstones  alternating  with  grayish  shaly  clays,  ) 

the  sandstones  almost  entirely  disappearing  in  the  >  6. 

lower  portion 130    j 

370  to  371  feet. 

The  above  section  was  mostly  made  up  from  Mr.  Meek^s  notes,  which 
were  more  minute  than  my  own,  though  they  agreed  together  in 
the  main.  It  is  serviceable  in  pointing  out  the  exact  horizon  of  the 
fossils  procured  here,  which  were  mostly  from  the  thin  layers  of  Nos. 
15, 17,  and  20,  with  some  vegetable  remains  in  some  of  the  higher  sand- 
stone layers.  Apart  from  the  fossils,  the  beds  in  most  instances  failed 
to  afford  well-marked  horizons,  and  sections  taken  on  diffei-ent  lines 
over  the  exposures  would  show  numerous  differences  in  the  alternations 
of  sandstone,  shale,  &c.,  from  the  one  above  given.  The  broken  charac- 
ter of  the  ridges  caused  by  the  superior  hardness  of  certain  strata  or 
portions  of  strata  over  others,  sufficiently  indicated  this  variability. 
The  coal-beds  themselves,  I  have  reason  to  believe,  partake  somewhat 
of  this  character ;  in  the  section  they  api>eared  to  be  of  the  thickness 
given,  while  in  some  of  the  openings  it  was  stated  that  a  very  much 
greater  thickness  was  found.  One  or  two  exceptions,  however,  may 
be  mentioned  to  the  general  rule :  the  reddish  sandstone,  No.  6,  appeared, 
as  far  as  our  examinations  extended,  to  be  a  pretty  constant  stratum, 
and  the  heavy  sandstones,  Nos.  23  to  20  inclusive,  with  tlieir  underlying 
thin  laminated  grayish  sandstones  and  shales,  No.  27,  formed  a  very 
well  marked  horizon.  It  seems  quite  i^robable,  indeed,  that  the 
series  of  buff  and  whitish  massive  sandstone  here,  Nos.  23  to  20,  is  the 
same  as  tliat  which  appears  on  the  other  side  of  the  synclinal,  at  Sepa- 
ration, in  the  heavy  face  of  grayish  buff  sandstone  covered  in  places 
with  a  thin  stratum  of  whitish  rock,  which  formed  the  lowest  member 
of  the  series  observed  there.  The  two  agree  very  closely  in  lithological 
characters,  and  apparently  also  in  being  the  first  rocks  of  thiS  character 
met  with  in  passing  downwards  from  tliesoft  fresh- water  Tertiary  beds 
which  fill  the  syn(*linal  fold.  If  this  supposition  is  correct  we  have  one 
pretty  definite  horizon  which  will  materially  aid  in  determining  approx- 
imately the  age  of  these  beds.  It  is  to  be  regretted  that  our  examina- 
tions near  Separation  afforded  no  fossils  from  the  strata  nearest  the 
heavy  sandstone. 

The  fossils  found  here,  besides  the  vertebrate  remains,  were  mostly 
from  No.  20,  and  consisted  of  shells  of  the  genera  Ostrea,  Anomia,  Cor- 
hicuJaj  Corhula,  Cyrena^  Goniohaskf  ^nd  IVr/pan/s,  indicating  a  brack- 
ish water  fauna,  and  one  decidedly  different  from  that  of  the  sandstones 
farther  east.  The  point  where  the  fresh-water  deposits  begin,  and  the 
estuary  or  brackish-water  life  ceased,  could  not  be  determined,  but  I 
am  inclined  to  think  that  it  is  not  very  far  above  these  beds,  perhaps  a 
little  beyond  the  scope  of  the  section  given  above.  Mr.  Meek  was  dis- 
posed to  give  the  separation  as  very  near  this  point,  considering  the 
brackish- water  deposits  most  probably  Cretaceous,  and  thoseabove  them 
Tertiary,    It  is  possible  that  there  is  no  very  definite  horizon  of  separa- 
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tioD,  bnt  that  the  two  shade  into  each  other  through  perhaps  several 
hundred  feet  of  non-foesiliferous  sandAtones  and  shales,  and  without 
fossils  it  is  not  possible  to  decide  the  question.  In  the  other  beds  only 
a  few  oyster-shells  were  obtained,  but  fossil  leaves  were  abundant  in 
some,  and  in  No.  17  we  obtained  some  huge  reptilian  bones.  The 
remaining  portions  of  the  skeleton  were  exhumed  by  Professor  Cope 
a  littie  after  our  visit,  and  found  to  belong  to  a  large  Dinosaurian, 
for  which  he  has  proposed  the  name  Agathaumua  sylveatrisy  and  which 
he  considers  as  aiforcUng  conclusive  proof  of  the  Oretaceous  age  of  these 
strata. 

The  thin  sandstones  and  clays.  No.  27,  forming  the  lowest  member  of 
the  section  last  given,  ^pear  at  the  base  of  the  bluffs  on  the  northern 
edge  of  the  bottom-lands  of  Bitter  Greek  for  a  distance  of  two  or  three 
miles  northwest  of  Black  Buttes  Station,  where  there  appears  below 
them,  and  apparently  dipping  unconformably  beneath  them,  a  massive, 
bluish-white  soft  sandstone,  with  some  Intercalated  days  and  harder 
laminsB  of  grayish  sandstone.  This  apparent  unconformability  is  best 
noticed  by  viewing  it  ^m  a  little  distance  to  the  westward,  but  is  suf- 
ficiently prominent  at  the  point  where  the  two  beds  appear  nearest  to- 
gether, only  a  little  valley  intervening.  At  this  point  the  dip  of  the 
underlying  beds  is  nearly  southeast  about  18^,  while  that  of  the  over- 
lying rocks  is  only  from  5^  to  7<^,  and  nearly  due  east.  This  unconfor- 
mability also  makes  the  thickness  of  these  lowest  beds  of  the  Black 
Buttes  section  less  at  this  point  than  elsewhere;  here  it  appears  not 
over  130  feet,  while  a  range  of  blnifis  stretching  away  to  the  southward, 
and  to  all  appearance  capped  with  the  heavy  sandstone  which  is  seen 
at  the  station,  show  a  long  slope  of  not  less  than  two  or  three  hundred 
feet  of  these  beds. 

The  following  section  was  taken  by  Mr.  Meek  and  myself  in  a  wind- 
ing walk  over  the  hills  from  a  point  some  six  miles  northwest  of  the 
station,  to  the  place  where  the  two  apparently  unconformable  series 
come  together,  already  mentioned  as  some  two  or  three  miles  from  the 
station  at  Black  Buttes.  It  was  made  by  walking  across  the  dip,  esti- 
mating or  measuring  the  thickness  of  each  bed.  In  this  manner  the 
lowest  beds  were  first  met  with^  but  for  the  sake  of  uniformity  with  the 
other  local  sections  given  in  this  report,  and  for  convenience  of  refer- 
ence, I  number  the  different  strata  in  the  descending  order,  commen- 
cing witb  the  uppermost  member  already  described  as  underlying  No. 
27  of  the  previous  section: 

Sectiw  taJcen  between  Black  Buttes  and  a  paint  six  miles  east  of  Point  of 

Bocks. 

Feet 

1.  Soft  bluish-white  sandstone,  with  intercalated  clays 

and  harder  grayish  laminae 90 

2.  Whitish  clays  and  shales  with  some  laminated  sand- 

stone          48 

3.  Coarse  grayish  and  buff  sandstone 6 

4.  Whitish  sandy  clays  and  dark  carbonaceous  shale  ^H. 

with  thin  seam  of  coal 20 

5.  Massive  light  gray  and  whitish  sandstone 33 

6.  Whitish  sandy  clays  with  some  carbonaceous  shale ) 

traces  of  coal ....        23 

7.  Grayish  buff  sandstone,  mostly  heavy  bedded 37 

8.  Grayish  and  dark  carbonacous  shales  witii  appear- 

ance of  coal ;  fosed  and  burnt  redinpartA ^ 

9.  Soft  grajisb  sandstone  with  Ostrea ^ 

^  G  a 


V 
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Faet 

10.  Dark  latninateil  days,  burnt  reddish  ill  plaoei 5 

11.  Light-colored  aandy  olays,  paanng  into  blmah-white  1  ^ 

sandstone 2B  ..  ^ 

12.  Hea^y  bedded  reddish  and  gray  sandstone,  (htrea..  30  to  50 

13.  Light  grayish  and  sandy  olays  and  shales  with  seams 

of  brownish  sandstone,  (estimated) 360     }J, 

14.  Valley,  perhaps  80  to  50  feet ;  strata  nnseen. 

15.  Light  and  dark-eolored  shales,  with  probably  some 

tiiin  seams  of  coal 80 

16.  Light  drab-colored  riiales  with  iEKnne  oarbonaoeons 

seams,  and  some  tiiin-bedded,  ripple-marked  gray* 

ish  sandstone .    64 

17.  Blnish  and  grayish  laminated  days  wiUi  some  car- 

bonaeeotts  seams,  and  some  thin-bedded  sandstone 

layers  in  uppermost  part 75 

*  18.  Beddish  brown  and  grayish  sandstone 8 

19.  Blnish  and  grajrish  laminated  days  with  some  ear- 

bonaceons  layers 26 

20.  Grayish  sandstone,  weathering  brownish 4 

21.  Ash-colored  sandy  days  and  shales 12 

22.  Brownish  sandstone 3     t 

23.  Light  sandy  shale 2 

24.  Impure  coal  or  dark  carbonaoeoos  shale 2 

25.  Garbonaceons  and  grayish  shales  or  days 24 

26.  Blnish  gray  oonoretiraary  sandstone 4 

27.  Arenaceons  shales  or  days « 14 

28.  Grayish  and  earbonaceons  shales;   ^»pearanoe  of 

coal 8 

29.  Blnish  arenaceons  shales  or  days 13 

30.  Laminated  bluish  white  sandstone  and  sandy  shale.  20 

31.  Gray  sandy  shale 3 

32.  Heavy  bedded  coarse  sandstone,  whitish  in  upper 

portion,  and  brownish  buff  below ^ 130 

No.  1  of  this  section  shows  signs  of  havin|f  been  much  disturbed 
locally.  In  one  or  two  places  I  noticed  a  local  dip  to  the  south  or  south- 
west. This  may,  perhaps,  be  due  to  a  slipping  of  the  beds  on  each  other. 
This  disturbance,  in  connection  with  that  observed  at  Hallville,  here- 
after to  be  mentioned,  suggested  the  possibility  that  the  apparent  nncon- 
formability  between  tiiese  beds  and  those  of  the  previous  section  might 
in  reality  be  due  to  a  faulting  of  the  strata,  with  latoral  twisting, 
although  the  appearance  as  £ftr  as  our  examination  extended,  seemed  to 
favor  the  contrary  view.  I  am  indined  to  accept  this  as  the  true 
explanation  of  the  appearance  as  nothing  in  the  character  of  the  rocks 
themselves,  and  in  the  contained  fossils,  shows  any  such  decided  change, 
as  might  be  expected  with  such  an  evidence  of  difference  of  epoch. 
Apparently  the  same  oyster  and  a  peculiar  vegetable  impression 
(already  noted  as  seen  in  the  rocks  at  Carbon  and  Fort  Steele^  were 
found  in  several  of  the  sandstone  layers  above  and  below  the  disturb- 
ance. 

The  dip  of  the  heavy  sandstone  No.  32,  at  the  base,  and  also  at  the 
western  end  of  the  series,  was  nearly  due  east,  and  not  over  6^.  while, 
owing  to  the  local  disturbance,  that  of  the  uppermost  bed,  at  tne  east- 
ern extremity,  was  southeast,  and  nearly  20^.  In  the  intermediate  beds  it 
iroaid  scarcely  average  over  5^  or  6^,  with  a  direction  a  little  south  of 
east.    There  appeared  througho\xt»  Xf^  \m  TiumeiQua  local  changes  as  to 
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degree  in  the  dip,  and  the  total  average  thickness,  thoagh  greater,  per- 
hai>s,  than  that  we  have  given  in  our  estimates  in  the  detailed  section, 
is  hardly  as  much  as  would  be  indicated  by  the  angle  of  the  dip  at 
numerons  points  where  it  was  taken. 

Hallyille. — ^The  horizon  of  the  Hallville  ooal  is  included  in  this 
section,  though  the  mines  themselves  are  at  least  one  and  a  half  miles 
distant  ttom  any  part  of  the  line,  and  are  separated  ih>m  it  by  the  bot- 
tom-lands of  Bitter  Greek.  The  coal  itself  could  not  be  recognized,  and 
perhaps  is  only  represented  by  some  of  the  carbonaceous  seams  noticed 
between  Nos.  8  and  20.  The  surface  indications,  however,  are  possibly 
deceptive,  and  excavations  would,  perhaps,  discover  the  coal  as  fully 
developea  as  at  that  place.  We  visited  Hallville,  and  made  a  rapid 
examination  of  the  surroundings.  The  mines  had  not  been  worked  for 
a  considerable  period,  and  the  place  was  entirely  abandoned  at  the  time 
of  our  visit  ^e  drifts  had  partially  fiedlen  in,  and  we  were  unable  to 
procure  any  fossils  fix>m  the  roof-shsdes,  &c.,  of  the  ocMtl ;  for  the  same 
reasons,  we  could  not  get  a  very  good  section  of  the  mines.  We  no- 
ticed, however,  a  considerable  local  disturbance,  including  an  apparent 
southwesterly  dip,  at  one  of  the  points  visited.  I  have  already  men- 
tioned this  disturbance  in  si)eaking  of  that  noticed  at  the  junction  of 
sections  2  and  3 ;  it  seems  to  be  altogether  local,  and  certainly  does  not 
extend  to  the  corresponding  beds  on  the  other  side  of  Bitter  Creek. 
That  noticed  in  *So,  1  of  the  foregoing  section,  although  in  a  Mgher  geo- 
logical position,  may,  as  has  been  suggested,  be  due  to  the  same  cause, 
and  simultaneous.  In  passing  eastward  from  Hallville  toward  Black 
Buttes  Station,  we  observed  at  a  point  considerably  higher  in  the  series 
a  development  of  some  40  feet  or  more  of  whitish  sandstone  and  sandy 
shale,  which  could  be  continued  by  the  eye  in  the  direction  of  the  strike 
across  the  line  of  the  section,  in  which  it  is  represented  mainly  by  No. 
5,  and  perhaps  partially  by  tne  beds  immediately  below.  This  band  of 
whitish  sandstone  and  shale,  though  varying  in  widtti  as  it  was  traced 
by  the  eye,  formed  about  the  best  and  most  continuous  horizon  in  the 
section.  In  several  cases  one  of  the  lignite  seams  had  taken  fire  along 
its  outcrop,  and  could  be  traced  for  a  considerable  distance  by  the  baked 
and  reddened  clays  immediately  above  it ;  but  these  were  not  generally 
so  continuous  over  so  long  a  distance,  nor  were  they  so  valuable  in 
determining  the  relative  position  of  the  Hallville  beds  in  the  series. 
For  the  most  part,  the  remarks  as  to  the  variability  of  the  characters  of 
the  rocks  which  were  made  in  reference  to  the  Black  Buttes  section 
will  apply  equally  well  here.  The  fossils  found,  with  the  exception  of 
some  leaves  of  dicotyledonous  plants  in  some  of  the  upper  sandstones, 
and  apparently  the  same  as  those  noticed  in  the  beds  of  the  Black  Buttes 
section,  were  all  from  beds  Nos.  0  and  12,  and  consisted  of  only  one  or 
two  species  of  oyster.  The  soft,  sandy  shale  of  No.  9  was  in  places  al- 
most displaced  by  these  shells,  which  made  up,  I  should  judge,  nearly 
or  quite  one-half  of  the  mass  of  the  stratum. 

Passing  west  from  Hallville,  the  heavy  sandstone  No.  32  forms  high, 
nearly  perpendicular  bluffs  on  the  right  of  the  railroad,  which  here 
seems  to  run  nearly  along  the  strike  of  the  great  fold  across  which  these 
sections  are  taken.  The  cliffs  continue  to  border  the  railroad  to  Point 
of  Bocks  Station,  where  they  open  somewhat,  and  a  higher  series  of 
beds  come  in  view ;  beyond  this  place  they  again  close  in  and  continue 
near  the  track  for  the  distance  of  a  mile  and  a  half  or  more.  The  whole 
thickness  o^  the  beds  is  much  greater  than  is  given  in  the  section,  in 
which  only  their  upper  portion  is  included ;  I  have  roug^VA^  ^^^\\sv^\fe^ 
it  as  much  as  500  feet.    For  the  most  part  tide  \Aw^*&  c;o\i^S&X»  ^1  «i»  <^»^x^^^ 
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heavy-bedded  saDdstoDe,  generally  light  blaish-gray  or  whitbh  la  ooloCf 
but  in  places  torning  to  yellowish  w  even  leddiiih  browii.  ttinGtadas 
numerous  local  bandai  or  aeaois  of  shale,  grayish  drab  in  colorf  w<d  itt 
pares  dark  carbonaceous  with  indications  of  coaL  The  xockitielf  im 
places  passes  Into  a  ooane  sandy  shale,  and  this  unequal  hardness  omses 
its  exposures  to  assome  a  peooliarly  ragged  and  rengh  appearswe  im 
many  places,  huge  bastions  standing  4»t  fifomithe  difEs,  ang  ooeasionally 
presenting  rode  resemblances  to  acohiteotmal  forma.  W^  iamA  90 
traces  of  fbssils  any  wheze  in  this  sandstone,  bat  icom  the  appeaiwioea 
I  should  jadge  that  a  more  extended  examinatioa  might  disoovw  l^iQia 
in  some  of  the  intevoalated  earbonaoeoos  shales. 

Point  of  Boco^Sw-Jn  the  Ualb  near  Poiat  rof  Sooks  &t$tMm*wi 
above  the  heavy  sandstone,  aoe  teir  or  4|m  «difliHEisttt  #ea0S  «jF  oNitt  ^ 
uppermost  one  of  wJiich  «ast>be  at  least  lB»to20B  Jiet  aheveifc  OtiH 
above  this,  near  the  top  of  the  kiU^  we  jCbmid  a  iMd  oontiainiag  aipeafe 
abundance  of -a  large  apesies  of  oystSTfidiffeiwtifioom  Hlwise^mnd  in  the 
bed8Noe.9and  12  of  the  pteoediag  seetion.  We4id  »at  mayk^  *  Pilose 
examination  of  the  beds  hMe,  as  th^  iioiuon  is  lindaded  in  the  B&otkm 
just  described,  thongh  tiiey  do  not  eocrespaad  ezaotilgr  in  litholflfi^eal 
characters.  The  better  dendopment'Of  the  moI  heve  may  te  mwslF 
local;  it  did  not  appear  so  near  the  iop  of  the  iwMlatoae4ia  libeJiaa^ir 
our  examinations,  and  it  seems  almost  <too  low  in  geologioal  peeitioa  4o 
be  referred  to  the  hofiiXMi  of  Ite  Halto^StoibedSy  althoogh  it  wv^MOopy' 
the  same. 

Commencing  ait  the  base  nf  the  great  aandstone  at  a  point  about  ^mo 
and  a  half  miles  west  of  Foint  of  Books,  and  >i^oceediM  westwavd  •aemr 
the  railroad  track,  Mr.  Meek  and  lisbserrai  ike  JbU^wuigsaoesiisiw  of 
beds  in  the  deaoending  order: 

SectUm  near  IkB  rMrotiM  betwem  I^^ 

Feai. 

1.  Oray  and  drab  sandy  shales,  with  some  harder  bands  of 

brownish  sandstone 25 

2.  Massive  drab  sandstone 27    S>M 

3.  Bluish  and  dark  colored  sandy  shale 3 

4.  Gray  sandstone  with  fossils 1| 

5.  Yellowish  and  brpwnish-gray  sandstone  and  ehales 58 

6.  Shaly  and  massive  brownish  and  buff  sandstone 86 

7.  Shale,  partly  dark  colored }  appearance  of  coal 2 

8.  Soft  bluish-white  sandstone^  mostly  in  heavy  beds,  some 

of  its  upper  portion  laminated  with  a  little  dMk  elM^, 
and  appearance  of  coal 80 

9.  Grayish  sandstone,  weathering  brown,  shaly  in  plaoes, 

with  some  whitish  beds  above 46 

10.  Heavy-bedded  whitish  sandstone ^ i4 

11.  Brown  or  buff  sandstone,  with  some  sandy  shale 22 


V. 


12.  Arenaceous  shades  and  clays,  yellowish  or  drab  in  color, 


) 


with  thin  lamince  of  harder  brownish  sandstone 155   ]  ^' 

13.  Heavy-bedded  buff  and  bluish-white  sandstone  and  sandy 

shales .  86 

14.  Dark  carbonaceous  shale  or  coal • 2} 

15.  Soft  grayish-buff  and  bluish- white  sandstones,  with  yellow- 

ish-drab sandy  clays  and  shales;  some  thin  carbonaceous 

seams 90 

10.  Black  carbonaceous  shale  or  coal 2| 

17.  Brownish  and  dark-colored  shales 18 
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18.  Grayifibdrab  massive  sandstones 20 

19.  Ash-colored  clays  and  sandy  shales 13 

20.  Whitishbuflf sandstone 3    }-p. 

21.  Light-colored  sandy  shales^  with  thin  carbonaceoos  seams.      7 

22.  Massive  grayish-baff  and  whitish  sandstone,  wittk  interca^ 

lated  light-colored  sandy  shales 132 

23.  Otiurbonaceous  shale ;  ti*ace  of  coal 2 

24.  Grayish  and  blnish  while  sandstone  and  sandy  shale 25 

25.  Garbonaceoos  shale 4 

26.  Massive  sandstone,  blnish  white  above,  grayish  bufif  be- 

low      60 

27.  Light-gray  shale  and  shaly  sandstone 18 

28.  Black  shale  and  coal 3-5 

29.  Grayish-buff  and  bluish-white  massive  sandstones,  some  ) 

portions  even  weathering  brown,  with  frequent  interca-  >  Q. 

lations  of  soft  sandy  shales 200-300   ) 

The  thicknesses  of  the  different  beds  given  above  are,  as  in  the  other 
sections,  for  the  most  part  merely  eistimates,  such  as  could  be  made  by 
walking  over  the  upturned  edges  of  the  strata.  I  am  of  the  opinion  that, 
taken  as  a  whole,  the  thickness  is  rather  under  than  over  estimated. 
The  angle  of  the  dip  varied  in  different  parts  of  the  section :  in  the  upper- 
most beds,  which  were  at  the  eastern  extremity  of  the  line  and  farthest 
from  the  axis  of  the  fold,  the  dip  was  from  5^  to  8^,  and  from  there  it 
decreased  toward  the  westernmost  and  lowest  exposures  to  from  2^  or 
3^  to  5^.  The  direction  was  throughout  about  the  same,  nearly  north- 
east. The  line  followed  commenced,  as  has  been  alreaay  stated,  near 
the  railroad-track,  two  and  one-half  miles  from  Point  of  Rocks,  and  ended 
at  a  point  some  distance  to  the  right  of  the  railroad,  and  nearly  four 
miles,  in  a  nearly  due  northeast  direction,  from  Salt  Wells  Station. 

A  few  leaves  were  found  in  one  or  two  of  the  sandstone  layers,  but 
were  not  in  any  way  characteristic,  and  the  bed  No.  4  was  almost 
entirely  made  up  of  fossils  and  their  casts,  chiefly  of  a  species  of  Ano- 
mic^  together  with  oysters,  CorbicuUzj  Corhula^  and  a  few  specimens  of 
Modiola  and  Ooniobasis, 

With  this  last  section  is  completed  the  whole  series  of  variegated 
sandstones  and  shales  on  the  eastern  side  of  this  great  fold  or  anticlinal, 
which  continues  in  the  vicinity  of  the  railroad  from  between  Bitter 
Creek  and  Black  Buttes  Stations  nearly  to  Salt  Wells.  The  total  thick- 
ness of  this  series,  reckoning  from  a  point  east  of  Black  Buttes  to  this 
place,  cannot  be  much  less  than  4,000  feet,  though  in  our  estimates  in 
the  detailed  sections  we  have  rather  fallen  short  uf  this  total.  This  is 
mainly  due  to  our  caution  against  making  an  overestimate,  and  the 
nature  of  the  exposures,  which  in  many  places  only  consisted' of  a  very 
gradual  slope  or  shallow  valley,  showing  by  its  dibria  and  on  the  sur- 
face the  general  character  of  the  beds.  The  sections  show  the  pecu- 
liarity of  the  series,  its  alternations  of  light  gray,  grayish  buff,  and 
whitish  and  brown  sandstones,  with  drab  and  ash-colored  shales  and 
clays.  As  regards,  however,  the  alternations  themselves,  these  sections 
are  for  the  most  part  correct  only  for  the  particular  line  on  which  they 
were  taken,  the  great  majority  of  the  sandstone  beds  changing  in  respect 
to  color,  hardness,  and  stratification  even  within  the  distance  of  a  few 
feet.  I  am  of  the  opinion,  moreover,  that  the  coal-seams  also  share 
this  general  character  of  variability,  but  our  examinations  could  not  be 
sufficiently  minute  to  determine  to  what  extent  tb\^  \%  \Xiek  ^«^^ft>* 

The  accompanying  wood-cut  is  intended  as  a  geu^xA  ^^^^ovi  ofl  ^^ 
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eries  M  observed  by  na.  The  general  divisions  correspond  to  these 
<  «  given,  included  in  braoketa,  in  the  detailed  seotioosi  and 

are  indicated  by  ihe  same  letters. 

It  ia  wvNTthy  of  remark  that,  of  the  invertebrate' fossils 
obtained  by  osas  fiw  down  asto  the  baseof  the  series  not 
one  is  of  a  obaraoteristio  Oretaceons  genns,  bat  all  have 
rather  the  aspect  of  a  cdlection  obtained  from  beds  of 
Tertiary  age.  It  is  tme  that  Mr.  Meek,  and  I  believe 
Mr.  Bmmons  also,  had  considered  that  these  beds  might 
be  most  properly  lefiorred  to  the  Oretaoeoos,  but  tlue 
was  rather  on  accoant  of  the  change  in  the  general 
character  of  the  fossil  fimna  from  purely  ftesh-water^  as 
in  the  characteristio  Tertiary  of  this  region,  to  brackidi- 
water  marine,  and  the  spedflc  affinities  of  a  few  of  :tbe 
fossils  to  Oalifomia  Cretaceous  speties,  than  ftom  any 
very  positive  evidence.  As  for  as  I  know,  the  only 
evidence  of  this  kind  is  in  the  identiflcation,  by  Profos- 
Bor  Oope,  of  the  sanrian  remains  found  by  us  at  Bliusk 
Buttes.  It  seems  to  me  highly  probable,  and  indeed 
almost  certain^  that  the  workable  ooal'Seams  of  Wyo* 
ming  and  Utah  range  from  well-characterised  Oretaoeoos 
straSsL  as  at  Ooalville  and  Bear  Biver  Oitgr,  through 
these  beds,  which  may,  pertuH[>B,  be  best  reg^wded  as  a 
gigantic  transition  series,  into  the  purely  fresh-water 
b^Ls,  usually  consideed  as  of  Tertiary  age,  as  observed 
by  us  near  Separation  and  elsewhere. 

Salt  Wsixa— Near  Salt  Wells  a  very  difFerent  series 
comes  to  the  surface  and  occupies  the  axis  of  the  anti- 
clinal at  this  place.  The  rooks  are  first  seen  along  the 
railroad,  about  four  or  five  miles  east  of  the  station, 
and  consist  of  grayish  drab,  thin-bedded  sanddtones  and 
shales,  with  an  entire  absence  of  the  heavy-bedded  bufl; 
and  whitish  mindstoDes  which  form  so  promiueut  a  fea- 
ture of  the  overlying  rocks  farther  east.  It  forms  the 
high  bluffs  some  two  or  three  miles  south  of  Salt  Wells 
Station,  but  is  wanting  in  the  immediate  vicinity  of  the 
railroad  at  that  point,  and  for  some  distance  to  the  west- 
ward, as  the  station  itself  is  situated  in  the  valley  along 
the  anticlinal  axis.  Two  or  three  miles  to  the  eastward, 
one  or  two  cuts  show  sections  of  the  beds  close  to  the 
track,  in  which  it  is  pretty  uniformly  a  thinly  laminated, 
dark  grayish  drab  sandstone- or  sandy  shale,  and,  is  as 
far  as  we  could  see,  entirely  destitute  of  fossil  remains. 
Mr.  Meek  examined  the  bluffs  about  two  or  two  and  a 
half  miles  southeast  of  the  station,  and  found  them  to 
consist  of  very  much  the  same  general  character  of  beds, 
with  some  intercalated  clays,  the  whole,  however,  show- 
ing no  very  abrupt  variations  such  as  are  to  be  seen  in 
the  rocks  of  the  overlying  series.  No  fossils  were  found, 
except  indistinct  traces  of  fUcoids  (f )  and  tracks  of  anne- 
lids. The  thickness  of  the  beds  exposed  in  the  bluff  was 
about  480  feet,  the  uppermost  of  which,  by  estimate, 
was  250  to  300  feet  below  the  base  of  the  preceding  sec- 
tion, making  a  total  from  the  base  of  the  bluff  to  the 
lowest  member  of  the  variegated  sandstone  series,  of 
over  700  feet.    Add  to  this  the  probable  thickness  of 
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beds  between  the  bloffb  and  the  center  of  the  anticlinal  valley,  hardly 
under  300  or  400  feet,  and  we  have  over  1,000  feet  for  the  thickness 
of  this  formation.  It  seems  probable  that  in  its  npper  portion  it  con- 
tains some  coal-seams,  as  at  one  point  on  the  railroad,  abont  four  or 
five  miles  east  of  Salt  Wells,  I  observed  an  isolated  oatcrop  of  coal 
in  the  bottom  of  a  ditch  alongside  the  track,  which^  from  its  posi- 
tion, I  judged  to  be  below  the  heavy  sandstone  series.  No  seams 
were  seen  in  any  of  the  other  outcrops  near  the  track  or  in  the 
bluffs. 

Rock  Springs. — ^Passing  westward  from  Salt  Wells  we  find  on  the 
other  side  of  the  valley  the  great  series  of  variegated  sandstones  and 
clays  re-appearing,  but  with  a  reversed  dip  to  the  northwest  of  some  10^ 
or  12<^.  Below  it  we  have  a  considerable  exposure  of  the  thin  sandstone, 
which  here  appears  to  stand  in  more  perpendicular  faces  than  on  the 
opposite  side  of  the  valley,  and  has  a  more  roddish  cast  The  sandstones 
and  clays  immediately  above,  which  on  the  eastern  slope  of  the  fold 
showed  no  very  numerous  or  valuable  seams  of  coal,  here  api)ear  to  be 
the  great  repository  of  that  material ;  the  lowest  seam  work^,  that  at 
the  Vandyke  mine,  is  apparently  only  a  short  distance,  perhaps  a  few 
hundred  feet,  above  the  base  of  the  series,  and  other  veins  occur  within 
short  vertical  distances  of  each  other  immediately  above  it.  We  made 
no  detailed  section  on  this  side  of  the  anticlinal,  but  from  our  examina- 
tions we  judged  that  no  very  close  parallelism  existed  between  the  beds 
of  the  two  slopes,  although  the  series  preserved  the  same  general  char- 
acters on  both.  The  principal  coal-seam  worked  at  Bock  Springs,  from 
0  to  11  feet  Id  thickness,  overlies  a  heavy  bed  of  bluish- white  sandstone 
very  similar  to  many  of  those  noticed  farther  east.  The  record  of  an 
artesian  boring  made  at  the  mines  gives,  as  it  was  reported  to  me,  some 
sixteen  seams  of  coal,  varying  from  18  inches  to  8  feet  in  thickness, 
passed  through  in  a  depth  of  not  more  than  730  feet.  Some  of  these 
may,  perhaps,  be  only  beds  of  carbonaceous  shale,  but  it  seems  to  be 
beyond  question  that  the  coal-seams  are  better  developed  here  than 
farther  east.  Still  other  veins  occur  in  a  higher  horizon  than  was  met 
with  in  the  boring,  but  they  are  of  less  importance.  Opposite  the  sta- 
tion at  Rock  Springs,  on  the  opposite  side  of  Bitter  Creek,  a  heavy 
bedded  sandstone  of  perhaps  several  hundred  feet  in  thickness  appears 
in  the  rocky  face  of  a  bluff  and  occupies  a  considerably  higher  geological 
position.  This  may  possibly  be  the  equivalent  of  the  heavy  sandstone 
near  Point  of  Bocks,  to  which  it  bears  a  resemblance,  but  I  am  not  inclined 
to  positively  identify  disconnected  beds  in  this  formation.  It  seems, 
however,  to  be  not  far  from  the  same  relative  position  to  the  base  of  the 
series. 

Some  distance  below  the  principal  coal-seam  at  Bock  Springs,  50  to 
100  feet,  or  even  more,  we  found  a  thin  seam  of  hard  sandstone,  con- 
taining a  great  abundance  of  certain  species  of  fossils,  a  strongly  ribbed 
8]>ecies  of  Corbula^aModiola^  and  a  Ooniohasis^  similar  to  those  found  near 
Point  of  Bocks,  and  a  few  imperfect  specimens  of  Ostrea.  There  are 
other  fossil-bearing  beds  in  the  vicinity,  of  which  we  heard  accounts,  but 
our  specimens  were  all  gathered  in  this  stratum. 

West  of  Bock  Springs  the  ledges  of  this  formation  may  be  seen  on 
either  side  of  the  railroad  for  a  distance  of  five  or  six  miles,  dipping  to 
the  northwest  or  west- northwest  at  very  much  the  same  angle  as  near 
the  station.  There  is  not,  however,  a  good  continuous  exposure,  but 
the  upturned  edges  of  the  harder  beds  form  slight  ridges  above  the  gen- 
eral level  of  the  valley  which  intervenes  between  the  sta»Uo\k  ^w\  >Oql^ 
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range  of  hilb  to  the  weetward*  At  tbe  baae  of  these  hfflfrwseleaiw  tfie 
Beriee  entirely,  it  paanog  midenieath  tike  Tertiacy^  beds  of  whioh  the  raoge 
is  composed.  We  did  not  examine  the  Jiinetion  of  the  two  aerieei  bat 
there  seems,  firom  a  passing  view,  to  be  an  aneonfennability  hefe^  the 
upper  beds  having  a  very  slight  dip  to  the  west  of  not  over  2P  or 
30  altogether.  These  Tertiary  bed&  where  they  i»e  eat  throagfa  bv  the 
gorge  of  Bitter  Creek,  which  the  railroad  follows,  appear  as  thinly  lami- 
nated, whitidi,  or  light-grc^iah  arenaoeons  shales,  showing  in  leeent 
railroad-cnts  a  slighUy  bloish  tingid.  In  places  there  appear  bands  of 
darker  shale,  said  capping  the  hills  as  the  load  neam  Glreen  Biverisaaen 
a  heavier  brownish  or  radish  sandstone  bed,  which  forms  the  perpen- 
dicalar  moral  escarpments  and  isolated  castle-like  knobs  which  form  so 
prominent  a  feature  near  Oreen  Biver  Station.  In  some  layers  the 
shales  are  dark-colored  on  freshly  fractured  surfaces  and  seem  Impreg- 
nated with  petroleum,  but  they  all  appear  to  weatiier  uniformlly  light 
yellow  or  whitish. 

Gbebn  Bivbb. — A  hill  about  two  miles  east  of  the  station,  at  Careen 
Biver  crossing,  on  the  southern  side  of  Bitter  Greek,  cave  the  following 
section  from  a  rough  measurement  with  a  pocket-level : 

SeoHan  near  Qrem  Biwer  SieMmi, 

1.  Heavy  reddish-brown  sandstone 100  fbet  or  more. 

2.  Whitish  arenaceous  clays  or  shales 600  feet. 

3.  Beddish  or  brownish  arenaceous  shales 50  feet 

4.  Whitish  arenaceous  clays 130  feet. 

The  dip  was  very  slight,  but  one  or  two  degrees  to  the  westward,  and 
is  indeed  scarcely  perceptible.  It  is  best  seen  on  the  blufh,  on  the  im- 
mediate bank  of  the  river,  above  the  station,  where  the  beds  are  seen  to 
dip,  with  some  slight  local  undulations,  to  the  westward ;  and  the  well- 
known  petrified-flsh  bed  which,  at  its  exposure  on  the  railroad  about  two 
miles  or  a  little  more  from  the  station,  is  only  40  or  50  feet  above  the 
river,  at  Oreen  Biver  City,  is  said  to  be  tbund  near  the  summit  of  the 
bluffs  some  hundreds  of  teet  higher  in  actual  level.  The  reddish  sand- 
stone which  caps  the  hills  at  the  station  to  the  eastward  does  not  appear 
very  prominently  to  the  westward,  and  perhaps  passes  into  arenaceous 
shale  in  that  direction.  It  appears  probable  that  there  are  some  local 
variations  iu  this  formation,  but  as  a  whole  it  presents  in  this  respect  a 
striking  contrast  to  the  series  below. 

Bryan. — West  of  Green  Biver  City  the  beds  seen  at  the  river  disap- 
pear, and  still  higher  ones  of  the  same  group  come  in  view.  These  we 
examined  in  the  vicinity  of  Bn^an,  where  we  visited  one  or  two  conical 
buttes  lying  to  the  south  of  Black's  Fork  and  three  or  tour  miles  firom 
the  station.  We  found  these  to  consist  of  thinly  laminated  grayish 
sandstone  or  sandy  shale,  with,  near  the  summit,  some  bluish,  more 
argillaceous  layers,  and  on  the  extreme  summit  a  stratum  of  harder 
grayish  sandstone  filled  with  rough  casts  of  MelanianH^  Unio^  &c.,  and 
on  one  a  great  abundance  of  bivalve  cmstaceous  remains,  (Cffpris,)  all 
more  or  less  silieiiied.  The  height  of  the  buttes  was  not  over  150  to  200 
feet,  the  strata  perfectly  horizontal.  Beside  these  buttes  the  country  in 
the  vicinity  afforded  no  good  exposures,  the  surface  being  rather  level 
and  uniformly  covered  with  a  gravelly  superficies  completely  hiding  the 
underlying  itK^ks. 

Bbidgeb  Station. — West  of  Bryan  we  made  no  stop  till  we  reached 

Bridger  Station,  where  we  extunined  to  some  extent  the  underlying 

greeuiabgray  sandstones  and  reddi^  clays^  &c.^  of  the  Wasatch  group. 
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As  fkr  west  as  Garter  the  flat  table-topped  hills,  composed  of  the  whitish 
beds  of  the  saperior  Bridger  Rroop,  characterize  the  scenery,  but  be- 
tween that  station  and  Bridger  the  underlying  greenish  and  reddish  gray 
sandstones  appear,  and  near  the  latter  station  predominate.  About  a 
mile  or  more  southwest  of  the  station,  in  a  hill  on  the  right  bank  of 
Maddy  Cre^  and  near  the  railroad  track,  the  following  section  was 
taken  which  I  copy  from  Mr.  Meek's  note-book.  It  shows  the  general 
character  and  variations  of  the  lower  formation,  which  is  characterized 
by  more  massive  sandstones  and  clayey  beds,  difflaring  in  color  and 
other  respects  from  the  shales  above: 

Section  near  Bridger  Station. 

Feet. 

1.  Alternations  of  gray,  rather  coarse  sandstones,  and  reddish  and 

ash-colored  arenaceous  clays,  some  layers  of  the  sandstone 

fossiliferous 165 

2.  Massive  gray  sandstone,  stained  reddish  above 13 

3.  Ash-colored  and  reddish  sandy  clays 23 

4.  Gray  sandstone 3 

5.  Beddish  and  yellowish-gray  sandy  clays 16 

6.  Massive  grayish  sandstone,  stained  reddish  above 23 

7.  Beddish  and  ash-colored  sandy  clays 20 

8.  Gray  sandstone 4 

9.  Whitish  sandy  clays 3 

10.  Gray  sandstone 2 

11.  Beddish  sandy  clays  with  some  soft  sandstone 15 

12.  Gray  massive  sandstone 8 

33.  Beddish  and  yellowish  clays  10 

14.  Grayish  sandstone 5 

15.  Beddish  and  ash-colored  arenaceous  clays,  with  perhaps  some 

layers  of  sandstone 42 

The  upper  member  of  this  section  closely  resembles,  and  is  probably 
identical  with,  the  beds  forming  a  hill  on  the  southeast  side  of  the  raii- 
road-traek  three-fourths  of  a  mile  or  more  northeast  of  the  station.  The 
same  fossils  (chiefly  rough  casts  of  a  Melanian  and  a  Unto)  occur  in  a  thin 
layer  near  the  top  of  the  hill.  The  dip  in  both  cases  was  the  same, 
nearly  east,  from  4^  to  6^.  From  the  summit  we  could  see  the  reddish 
layers  in  ledges  to  the  eastward,  thus  indicating  that  we  were  far, 
perhaps  many  hundred  feet,  below  the  top  of  the  series.  The  beds 
seemed  to  dip  unconfbrmably  below  the  more  horizontal  whitish  strata 
of  the  Bridger  group,  and  at  one  point,  at  least,  I  saw  a  patch  of 
the  upper  formation  lying  belween  the  ridges  of  reddish  sandstone.  It 
would  thus  Appear  that  there  had  been  considerable  denudation  here, 
and  that  portions  of  the  upi>er  group  had  been  washed  away,  leaving 
only  these  outlines  to  indicate  their  greater  extension  in  former  times. 

Piedmont. — Beyond  Bridger  the  railroad,  following  the  valley  of 
Muddy  Creek,  turns  to  the  south,  and  then  bends  slightly  to  the  eastward, 
carrying  the  traveler  again  into  the  area  of  the  higher  group,  but  still 
showing  at  the  base  of  the  hills  the  heavy  grayish  sandstones  and  red- 
dish clays  of  the  Wasatch  formation.  The  junction  was  well  observed 
in  some  high  hills  about  a  mile,  or  little  more,  east  of  Piedmont  Station, 
in  which  the  lower,  210  or  211  feet,  was  made  up  of  the  heavy-bedded, 
grayish  sandstone,  weathering  reddish,  with  intercalated  beds  of  softer 
sandy  clays,  the  whole  without,  as  far  as  we  could  detect,  any  trace  of  fos- 
sils, either  animal  or  vegetable.  Above  this  we  rougVvV'j  \s\^«ce»\vc^"\'wJO«i.  ^ 
pocket  level  some  229  feet  of  whitish  beds,  moatty  argiXV«teft«v3k&^>^vi^^^"^^^ 
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three  or  four  leilges  of  white  fossiliferouH  limestone.  Tbe  Rlope  between 
each  of  the  liinpstoue-lwda  was  thickly  strewn  with  chips  derived  trom 
the  ledges,  and  the  true  cbamcter  of  the  intermediate  be<is  was  largely 
concealed  &oin  this  cause.  They  appeared,  however,  to  b»  tuiLtnly 
whitish  clays,  with,  in  places,  a  slightly  blnish  tinge.  The  fossils  wer<? 
mostly  fish-rfjmains,  impressions  of  scales,  spines,  and  bones,  bnt  in  Che 
upper  ledge  we  found  casts  of  a  small  Pttmorbu,  and  in  the  lowermost 
one  a  Helix,  closely  resembliug  S.  Leidt/i,  from  the  Tertiary  of  the 
Upper  Missouri.  The  upper  beds  here  apimreotly  dipped  a  little  to  the 
north  of  east,  but  scftrcely  more  than  two  or  three  degrees  altogether. 
The  u  a  con  forma  bill  t.y  between  them  aud  the  underlying  rocks  was  not, 
as  far  as  we  could  see,  very  noticeable  at  this  point,  though  I  tbought 
that  I  saw  in  the  lower  beds  a  slightly  increased  dip  to  the  eastward. 
These  lower  reddish  beds  are  seen  along  the  railroad  to  the  west  of  this 
station  in  various  places,  and  apparently  lie  nnconformably  upon  the 
whitish  Cretaceous  strata  which  come  into  view  in  that  direction. 

Aspen. — The  Cretaceous  strata  which  appear  near  Aspeu  Stntton  ap- 
parently belong  to  a  lower  member  of  the  formation  than  any  of  the 
beds  examine<l  by  us  either  to  the  oEist  or  west  of  this  point.  Immedi- 
ately at  the  station  they  form  rounded  hills,  or  ridges,  rising  to  the 
height  of  200  feet  or  more,  and  composed  of  bard,  splintering,  whitish 
and  bluish  slates,  the  former  color  predominating  toward  the  summit, 
and  the  latter  appeariug  near  the  base.  These  slates  are  full  of  Ash- 
scales,  with  occasional  impressions  of  bones  and  teeth,  aud  near  the  top 
of  the  bills  we  found  a  fragment  of  an  Ammonite.  The  lower  blnish 
beds  are  also  well  es]»sed  iu  several  cuts  along  the  railroad  for  a  short 
distance  west  of  the  station,  and  here  also  contain  numerous  fish  re- 
mains ;  their  color  in  places  is  nearly  black.  In  one  of  these  cuts,  un- 
der the  snow-shed  just  west  of  the  station,  we  saw  one  or  two  thin 
layers  of  grajisb  limestone,  full  of  unrecognizable  fragments  of  fossils. 
The  total  tbickuess  of  these  slates,  from  their  lowest  to  their  highest 
exposures,  cannot  be  less  than  300  or  4tM)  feet ;  they  pass  beneath  the 
level  of  the  valley  to  the  westward  with  an  estimated  dip  of  tea  or 
fifteen  degrees  in  a  general  west-southwest  direction.  To  Che  weetVArd, 
within  a  distance  of  about  two  miles,  there  appear  one  or  two  parallel 
ridges,  which,  with  the  valleys  between,  must  represent  some  l,fiOO  feet 
or  more  of  overlying  strata,  consisting,  as  far  aa  could  be  seen  ia  the 
exposures  of  light  gray  and  whitish  sandstones,  and  Ughtrct^red  elays, 
or  shales.  The  railroad  cots  through  tlie  westernmost  one  of  .  these 
ridges  at  a  point  some  three  miles  Irom  Aapeu,  whwe  we  made  th«  fol- 
lowing rough  section: 

SeetionatSoekCut. 

1.  Light-colored  shales  and  shaly  sandstone 60  feet  or  more. 

2.  Whitish  sandstone  contaiDing  0«(>va 3  feet. 

3.  Light-colored  shaly  bed 10  feet. 

4.  Heavy-bedded  whitish  sandstone 40toS0  feet. 

5.  Alternating  shales  and  thin  sandstone- beds 40  feet  of  more. 

The  heavy  sandstone-bed  No.  4  forms  the  crest  of  the  ridge,  the 

npper  beds  appearing  on  the  slope  in  the  artificial  cut.  The  oyster  in 
bed  No.  2  was  Identified  by  Mr.  Meek  as  Oalrea  golenUcus,  Meek,  a  species 
which  we  found  farther  west  in  Cretaceous  beds  at  CoalvHle  and  else- 
where. The  dip  of  the  main  sandstone  was  about  30°  in  a  direction 
nearly  sonthwest. 
A  JJttte  west  of  thi&poiat>\a%>i«V&\et«^'a%\acaUtyatoId  BealE^'Rirer 
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Gity^  where  we  stopped  and  made  some  examinations,  the  results  of 
which  are  given  elsewhere  by  Mr.  Meek. 

EvANSTON. — ^After  leaving  Bear  Biver  City  and  Aspen,  we  spent  'a 
day  or  two  at  Evanston,  and  made  sections  of  the  rocks  about  the  coal- 
mines at  Almy,  on  the  north  side  of  Bear  Biver,  some  three  miles  to  the 
northwest  of  the  station.  The  section  given'  below  was  taken  in  the 
hill  back  of  the  mines,  and  though  not  altogether  a  continuous  one,  it 
nevertheless  represents  pretty  fairly  the  general  character  of  the  beds 
and  their  alternations.  Nos.  1  to  24  inclusive  were  taken  from  near 
the  summit  of  the  hill  down  to  the  bottom  in  a  ravine,  which  enters  the 
bottom-lauds  of  Bear  Biver  a  mile  and  a  half  or  more  east  of  Almy ;  of 
the  rest,  Nos.  25  to  39  inclusive  were  taken  from  exposures  in  a  ravine 
immeiliately  back  of  the  village,  and  the  remainder  chiefly  from  artifi- 
cial exposures  at  the  mines.  The  thicknesses  as  here  given  of  the  dif- 
ferent beds,  except  in  the  case  of  the  last-named  ones,  are,  as  in  most 
of  our  other  sections,  estimates  made  by  the  eye,  more  accurate'  meas- 
urements being  impracticable  with  the  attention  we  were  able  to  give : 

Section  of  hill  back  of  the  Almy  ootU-mines. 

Feot. 

1.  Coarse,  pebbly,  conglomerate  with  some  intercalated  sand- 

stones and  clays —     50 

2.  Yellowish  and  gray  sandy  clays,  or*  soft,  decomposing  sand- 

stone       70 

3.  Massive  ^ray  sandstone 6 

4.  Yellowish  and  gray  sandy  shales  or  soft  sandstone 8 

5.  Coarse  grayish  sandstone  weathering  brown 25 

6.  Beddish  and  yellowish  sandy  clays  or  shales 100 

7.  Coarse  grayish-brown  sandstone  and  conglomerate 15 

8.  Beddish  and  ash-colored  sandy  clays  or  shales 100 

9.  Massive  light  grayish  sandstone 12 

10.  Yellowish  sandy  clays 15 

11.  Coarse,  pebbly,  reddish-gray  sandstone 15 

12.  Soft  grayish  sandstone  passing  downward  into  decomposing 

reddish  conglomerate  52 

13.  Yellowish  sandy  clays,  some  sandstone  at  base. 50 

14.  Sandstone  and  conglomerate 25 

15.  Gray  and  yellowish-gray  sandstones  and  sandy  shales 45 

16.  Coarse  sandstone  and  conglomerate 8 

17.  Sandy  clays  or  shales,  some  parts  reddish 50 

18.  Conglomerate  passing  into  coarse  sandstone 16 

19.  Yellowish  sandy  clays  or  soft  sandstone 32 

20.  Conglomerate *. 22 

21.  Yellowish  or  reddish  sandy  shales  or  clays 50 

22.  Conglomerate 13 

23.  Yellowish  sandstone  and  sandy  clays 50 

24.  Coarse  conglomerate 140 

25.  Yellowish  and  whitish  sandstone  with  some  sandy  clays 170 

26.  Dark-grayish  sandstone  and  shales 22 

27.  Light-colored  sandy  cla^s  or  shales 12 

28.  Grayish-buff  sandstone 10 

29.  Grayish  sandy  shales  with  apparently  some  carbonaceous  seams 

near  base 150 

30.  Beddish  and  gray  sandstone 12 

31.  Grayish  shales  or  sandy  clays ^S^ 

32.  Beddish  and  gray  sandstone ^ 
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33.  Light-colored  sandy  shalee,  perhikps  some  aamirtone 45 

34.  Ligbt-gray  or  whitish  tmndstone 14 

36.  Dnrk  and  light-coloretl  sandy  shnleA 60 

36.  Dark  grayish-brown  saDdxtone... , 20 

37.  Dflrk-grayishshalewithsomecarboQaceDna  layers  and  ^rhaps 

some  thill  seams  of  coal  near  base 100 

3&  Hard  reddish  saudstone & 

86i  Soft  argillaceoQS  sandstone,  some  harder  layers 20 

40.  Coal 4J 

41.  Dark  clay .   '   4 

42.  Hard,  imptue  oesl — "roekeoal" 2 

43.  Ooai i.„.*..;..j>*....i/*i...... .........; » 

44.  Hard,  impure  ooal— "rtM^eoat" 4| 

46.  Coal i:....j.L   ..iL.:.....,;     10- 

4«.  Shaleandday l-i.-v'  Iff 

47.  Ooal ..;..  ;1':'J"'16J 

48.  Shalyclay-odoHt ..;;..;  'tSO 

49.  Iron  ore,  (femigineiiBflBDdBCoB^.. -....;.;..  I... .........::."'    3 

50.  Clay i..i     16 

6L  Goal .L'i.4i.ili':'l^ 

Still  above  the  hi^Mst  memlSer  of  this  MOtioa  we  oooM  nefrM'SM 


to  700  feet  of  aandstoaee  and  sandy  daya  or  shales,  whicb  we  did  not 
tM'npper^nt>flf  tiM'swtti  " 

aoter  of  the  whole  aeriea.    Xbe  BB>debBBHr>aflbcdad'^>BolaataBM'Biiy 


ezamiBeelosely.  'Ini^tdie-w>h<toaf  tM'noper'^mtflf  ttrt'owtlwf  ia 
only  valaable to  giye  ae  ideaoTiJM'dtBriMMdnSttiMl'tlM  jN*M<ri(AaF- 


trem of  animal  orTegetable^iemafaiBj  a&d"the«Kp(Wam  «f  flM  gdfter 
beds  were  snob  a«  tofflft^  no  cMdeneesbf  aay  ftMaS  ooileMl,  btfa^ 

generally  slopes  more  or  leas  oovered  with  €4briB.  The  dip  was  thWtagfa- 
oat  nearly  northeast,  varying  perhaps  a  little  to  the  eastward ;  its-  angle 
averaged  from  17<>  to  20<^.  - 

The  first  fossils  fonnd  in  place  were  seen  in  Ko.  33,  whicTi  eontaaned 
impressions  of  large  leaves  of  dicotyledonens  trees.  Aboat  this  fao^ 
izon  also  we  picked  np  a- fragment  of  sandstone  containing  the  cast 
of  a  ^<sltiv,  which  however  might,  judging  from  its  appearance^  have 
ceme  from  bed  No.  30.  Farther  down  bed  lHo.  34  also  coDtalned  leaf- 
impresaions,  and  in  ITo.  35  w«  fonud  imperfeot  cmtsof  bivalvoatte^a 
resembling  Unio.  In  No.  37,  below  its  middle,  we  foand  a  two-foot  band' 
exposed  in  a  prospecting  trench,  almost  entirely  made  np  of  smalt  firesh- 
water-shella,  Cyclag,  Pbym,  &e.,  all  crushed  togeUiw  and almoat  unrecog- 
nizable, except  aa  to  genus. 

Xos.  42  to  45  inclusive  cotaprise  the  26-foot  seam  worked  at  this 
point.  The  beds  below  were  not  seen  by  ns,  that  portion  of  the  section 
having  been  furnished  by  Mr.  Deuel,  superintendent  at  the  mines  of 
the  Bocky  Monntain  Coal  and  Iron  Company  at  this  point. 

We  also  visited  the  hills  on  the  north  side  of  Bear  Biver,  northeast 
of  Evanston,  which  we  fonnd  to  be  composed  of  very  similar  strata  to 
those  in  the  upper  part  of  the  Almy  section,  viz,  alternations  of  coarse 
sandstones,  conglomerates,  and  sandy  clays.  There  seems  to  have  been 
a  considerable  disturbance  here  besides  the  mere  tilting  of  the  beds, 
and  from  the  altered  direction  of  the  strike,  which  is  here  nearly  north 
and  south,  we  were  led  to  suspect  a  considerable  lateral  displacement 
with  faulting,  which  might  v^:y  possibly  cause  the  appearance  of  the 
same  beds  in  both  these  bills,  and  those  about  Almy,  although  at  first 
sight  these  would  appear  mucb  \i\gbQi  iu  geological  position.  We  did 
ootsttempt,  however,  to  wott  oat\Xift^«o\o^c8\«NjroR.\sK»\a^u'g  ^oent 
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extent,  as  it  would  have  required  more  time  and  labor  than  we  were 
well  able  to  give  for  that  purpose. 

We  did  not  discover  skuy  evidences  of  unconformability  in  the  Almy 
section ;  the  whole  formation  seemed  one  continuous  series.  The  fresh- 
water beds  containing  shells  are,  I  think,  certainly  conformable  to  the 
coal ;  indeed,  we  obs^ved  thin  carbonaceous  seams  in  its  immediate 
proximity,  in  the  main  section  I  have  given  the  larger  divisions,  as 
exposed,  on  a  line  terminating  at  the  mines,  but  the  pro8i)ecting  trench 
aLroady  mentioned,  which  was  opened  by  Mr.  Deuel  some  two  miles 
beJow  Almy,  afforded  the  following  section,  which  in  the  larger  one  is 
included  in  the  lower  part  of  Ko.  37 : 

Section  taken  two  miles  below  Almy  in  trench. 

Fi    In. 

1.  Goal,  or  carbonaceous  shale 3  0 

2.  Clayshale 2  0 

3.  Impure  coal 3  0 

4.  Hard  argillaceous  sandstone,  containing  and  almost  entirely 

made  up  of  minute  crushed  fresh-water  shells 2  0 

5.  Coal,  or  carbonaceous  shale 1  0 

6.  Sandyshale 12  0 

7.  Coal,  or  carbonaceous  shale,  with  clay  parting 4  6 

a  Shaleorclay 20  0 

Under  this,  according  to  Mr.  Deuel,  is  the  heavy  stratum  of  argilla- 
ceous sandstone,  No.  39  of  the  section,  which  is  seen  at  the  mines  above 
the  main  coal,  and  which  contains  numerous  leaf-impressions. 

The  fossils  found,  both  in  this  two-foot  band  and  in  the  sandstones 
above,  would  indicate  that  the  age  of  these  beds  was  Tertiary,  rather 
than  Cretaceous,  and  that  they  might  possibly  be  even  more  recent  than 
Eocene.  I  do  not  know  the  grounds  of  Professor  Cope's  reference  of  the 
coal  at  this  point  to  the  Cretaceous,  while  he  admits  the  Tertiary  age 
of  some,  at  least,  of  the  overlying  sandstones  ;*  but  as  we  found  no 
break  or  line  of  demarkation  in  the  whole  2,000  feet  or  more  which  we 
examined,  and  found  our  fossils  in  coal-bearing  beds  immediately  above 
and  conformable  to  the  main  coal,  the  facts,  so  far  as  they  are  known  to 
me,  do  not  seem  sufficient  for  such  identification. 

From  Evanston  we  went  west  to  Echo  and  Coalville,  which  are 
reported  on  by  Mr.  Meek. 

^  Pr.  Aoad.  Nat.  Soi.  Philadelphin,  1872,  p.  279 
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ON  THE  EXTINCT  VERTEBRATA  OF  THE  EOCENE  OF  WYOMING, 
OBSERVED  BY  THE  EXPEDITION  OF  1872,  WITH  NOTES  ON 
THE  GEOLOGY. 


Philadelphia,  April  29, 1873. 

I  send  herewith  a  detailed  report  of  the  results  of  the  paleontological 
survey  of  the  Green  River  Tertiary  basin,  undertaken  last  summer  by 
myself,  under  .your  direction.  The  report  is  not  complete,  but  includes 
the  general  determination  of  the  vertebrata,  with  special  monographs 
on  some  of  the  mammalia. 

The  expedition  left  Fort  Bridger  July  19, 1872,  and  followed  the  road 
to  Cottonwood  Greek,  southeast  eighteen  miles,  whence  we  made  our 
first  excursions  into  the  bad  lands.  After  this,  our  route  lay  along 
Cottonwood  Creek  to  Smith's  Fork  of  Green  River,  thence  along  Black's 
Fork,  and  thence  to  Green  River  City.  We  then  followed  Bitter  Creek 
to  Black  Buttes,  and,  leaving  the  line  of  the  Union  Pacific  Railroad, 
traveled  south  towards  the  headwaters  of  the  Vermillion.  Before  reach- 
ing this  point  we  explored  the  Mammoth  Buttes,  which  form  the  water- 
shed between  South  Bitter  Creek  and  Vermillion,  and  examined  the 
bad  lands  carefully.  In  reaching  this  point  we  crossed  a  portion  of  the 
Cretivceous  formation,  and  I  took  especial  pains  to  determine  the  rela- 
tions of  the  strata  at  these  points. 

We  returned  from  this  region,  and  struck  Green  River  seventeen 
miles  above  Green  River  City.  We  proceeded  northwards  to  the  mouth 
of  Labarge  Creek,  and,  returning  a  short  distance,  ascended  Fontanelle 
Creek  to  near  its  source  in  the  outlying  ranges  of  the  Ham's  Fork 
Mountains.  The  relation  between  the  lake-deposits  and  the  older  strata 
here  claimed  special  attention.  We  then  descended  Ham's  Fork  to  the 
Union  Pacific  Railroad  and  r'eturned  to  Fort  Bridger. 

Special  expeditions  were  made  to  tlie  region  round  Evanston,  and  to 
Elko,  Nevada,  with  gratifying  success. 

I  leave  discussion  of  the  general  results  until  the  close  of  the  report. 
I  may  premise  that  we  obtained  in  round  numbers  one  hundred  species 
of  vertebrated  animals  of  the  Eocene  i)eriod,  of  which  about  sixty  were 
Bew  to  science.  We  added  two  orders  of  mammals  to  those  previously 
represented  in  this  fauna  in  the  United  States,  viz,  the  Qtuidrumana, 
(monkeys,)  and  Proboscidia^  the  latter  in  several  types  ot  remarkable 
interest. 

The  present  synopsis  includes  only  the  species  of  vertebrata  collected 
by  the  expedition,  with  one  or  two  exceptions,  which  is  respectfully 
submitted. 

EDWARD  D.  COPE, 
Paleontologist^  United  States  Geological  Survey. 

Dr.  F.  V.  Hayden, 

In  charge  of  Geological  Survey  of  the  Territories. 
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MAMMALIA. 

QUADRUMANA. 

In  the  Proceedings  of  the  American  Philosophical  Society,  1872,  p. 
554,*  the  writer  described  a  species  of  Qaadrnmanous  Mammal  under 
the  name  of  Anaptomorphus  itniulwtj  comparing  its  dental  and  other 
characters  with  those  of  Simla,  In  the  American  Jonmail  of  Science 
and  Arts,  for  November,t  1872,  Professor  O.  C.  Marsh  announced  that 
he  believed  that  three  genera  previonsly  described  by  him,  viz,  Tkino- 
Uites^  lAmnotherium^  and  Telmaiolestes^X  were  referable  to  the  Quadrum- 
ana,  saying  that  they  '^have  the  principal  parts  of  the  skeleton  much 
as  in  some  of  the  lemurs."  Prior  to  either  of  these  determinations,  the 
author  described  a  new  genus  and  species  as  allied  to  Notharetus^  Leidy, 
under  the  name  of  Tamitkeriumj\\  but  m^de  no  suggestion  as  to  its  ordi- 
nal position. 

On  a  re-examination  of  the  last-named  genus,  I  am  satisfied  that  it 
also  should  be  referred  to  the  Quadrumana,  and  describe  it  as  follows: 

TOMITHERIUM,  Cope. 

Dental  formula  ^ytsj  in  an  uninterrupted  series.  Last  molars  with 
five  tubercles,  others  with  four ;  all  low  and  slightly  alternating,  the 
outer  wearing  into  crescents.  Canines  quite  small.  Incisors  very 
prominent,  the  median  pair  with  transverse  cutting-edges.  Symphysis 
coossified,  projecting  in  front  In  the  molars,  the  adjacent  horns  of  the 
two  outer  crescents  unite  with  the  anterior  outer  turbercle ;  the  poster- 
ior outer  is  insignificant.  There  is  a  projection  but  no  tubercle  in  front 
of  the  outer  anterior  turbjBrcle.  The 'premolars  present  but  a  single 
compressed  conic  crown ;  the  posterior,  however,  widened  behind,  and 
with  a  low  turbercle.  Tlie  first  and  second  premolars  are  one-rooted, 
(not  entirely  a  generic  character.) 

I  base  the  distinction  between  this  genus  and  Notharcius  on  the  small 
canine,  and  the  sub-horizontal  position  of  the  incisors  ;  believing  that 
when  other  portions  of  the  skeleton  are  studied,  other  difierences  will 
appear. 

The  portions  of  the  skeleton  of  the  type  species  preserved  are:  the 
entire  dentition  of  the  lower  jaw  minus  the  crowns  of  the  outer  incisor, 
canine,  and  first  premolar ;  the  left  ramus  nearly  complete,  the  extreme 
angle  being  wanting;  the  right  humerus  complete,  with  right  ulna  and 
radius,  the  latter  lacking  the  distal  extremity ;  a  large  part  of  the  left 
ilium;  the  right  femur  nearly  entire;  part  of  the  left  humerus,  meta- 
tarsals, &c. 

The  mandibular  rami  are  quite  stout,  but  not  very  deep ;  the  sym- 
physeal  portion  long  and  oblique,  and  the  coronoid  and  condylar  por- 
tions elevated,  with  axis  at  right  angles  to  that  of  the  horizontal  i>ortion. 
The  condyle  Is  well  elevated,  and  the  coronoid  process  small ;  the  dental 
foramen  is  half  way  between  the  margins  of  the  ascending  ramus,  and 
opposite  the  bases  of  the  crowns  of  the  molars.  The  inferior  margin  of 
the  jaw  shows  no  tendency  to  inflection  at  a  point  immediately  below 
this  foramen,  where  it  is  broken  off.  The  mental  foramen  is  divided, 
the  exits  being  at  points  opposite  those  between  the  premolars  1-2  and 

*  rn))li8he<l  October  12,  1872.  t  Published  August  7,  1872. 

*  Publibbed  October  8,  1872.  0  Published  August  7,  1872. 
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The  humerus  bas  a  ronnd  head,  directed  backwards  and  a  litfle  out- 
wards. The  tuberosities  are  rather  small,  of  about  equal  size,  and  obtuse ; 
they  inclose  a  short  bicipital  groove.  The  bicipital  crests  are  very 
largely  developed,  and  extend  to  the  middle  of  the  shaft,  inclosing  an 
open  groove  between  (hem.  The  external  is  narrow  and  most  elevated, 
the  internal  more  obtuse  and  directed  inward.  The  shaft  is  thus  sub- 
triangular  in  section.  The  distal  extremity  is  nearly  at  right  angles  to 
the  axis  of  the  proximal,  and  is  much  expanded  transversely.  A  large 
part  of  this  expansion  is  caused  by  the  truncate  internal  tuberosity,  and 
by  the  less  prominent  external  one.  The  latter  is  continued  in  a  thin 
aia,  which  only  sinks  into  the  shaft  at  its  middle.  The  condyles  are 
small,  the  external  the  most  prominent  There  is  a  shallow  olecrauar 
fossa,  and  no  coronoid,  and  hence  no  supracondylar  foramen.  There  is 
an  arterial  foramen  above  the  internal  tuberosity. 

The  'idna  is  compressed,  and  contracts  rapidly  to  the  extremity.  The 
olecranon  is  broad  and  obtuse,  and  the  humeral  cotylus  oblique  to  the 
long  axis.  The  coronoid  process  is  low.  The  shaft  is  remarkably 
cun'ed  from  right  to  left,  inward.  The  radius  has  a  discoidal  head,  with 
central  depression,  and  it  was  evidently  capable  of  complete  rotation. 
It  exhibits  a  tuberosity  and  slight  flexure  below  the  head.  The  distal 
extremity  has  a  horizontal  triangular  section,  with  the  apex  internal  and 
truncate ;  the  shaft  near  it  is  quite  flat. 

The  left  ilium  is  obspatulate  and  flat,  widest  at  the  convex  crest,  and 
slightly  concave  on  the  outer  side.  It  is  rather  thin,  and  the  impres- 
sion for  the  sacral  diapophyses  is  elongated.  The  inferior  border  thick- 
ens gradually  to  the  acetabulum ;  the  superior  is  excised  so  as  to  form 
an  open  concavity. 

The  right  femur  is  remarkable  for  its  length.  Its  shaft  is  flattened 
from  before  backward,  and  without  flexure.  The  great  trochanter  is 
large,  and  embraces  a  deep  inlooking  fossa.  There  is  a  flat  tuberosity 
looking  outward  just  below,  and  the  little  trochanter  is  a  little  below 
opposite  to  it.  The  condyles  are  sub-similar  in  size,  the  trochlear  sur- 
face wide,  but  not  flat,  and  the  inner  border  thickened  and  considerably 
elevated.  The  femur  is  1.75  times  as  long  as  the  humerus;  it  was 
scarcely  longer,  though  a  small  piece  is  wanting  from  the  shaft  of  our 
specimen. 

Bemarks. — Having  described  the  more  important  parts  of  the  skeleton 
preserved,  I  now  proceed  to  consider  its  systematic  position,  and  the 
order  to  which  it  should  be  referred. 

The  first  impression  derived  from  the  appearance  of  the  lower  jaw  and 
dentition,  and  from  the  humerus,  is  that  of  an  ally  of  the  coati,  Nasua. 
The  humerus,  indeed,  is  almost  a  facsimile  of  that  of  NastMj  the  only 
diflference  being  a  slight  outward  direction  of  the  axis  of  the  head.  The 
some  bone  resembles  also  that  of  many  marsupials,  but  the  flat  ilium, 
elevated  position  of  dental  foramen,  and  absence  of  much  inflection  of 
the  angle ^f  the  lower  jaw,  &c.,  render  affinity  with  that  group  highly 
improbable.  The  length  of  the  femur  indicates  that  the  knee  was  en- 
tirely free  from  the  body,  as  in  the  quadrnmana,  constituting  a  marked 
distinction  from  anything  known  in  the  Carnivoraj  including  Nastia. 
The  round  head  of  the  radius  indicates  a  complete  power  of  supination 
of  the  fore  foot,  and  is  difierent  in  form  from  that  of  Carnivoray  includ- 
ing Nasua ;  and,  finally,  the  distal  end  of  the  radius  is  still  more  different 
from  that  of  Nasua,  and  resembles  closely  that  of  J^emnopithecus. 

We  have,  then,  an  animal  with  a  long  thigh  free  from  the  body,  a  fore- 
foot capable  of  complete  pronation  and  supination,  and  a  form  ot*  lo^^^ 
jaw  and  teeth  quite  similar  to  that  of  the  lower  moiv^e^'^,    ^\ife  Vatva.  ^"i 
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the  humerus  and  its  relative  leneth  to  the  femur^  are  quite  as  in  some  of 
the  lemurs.  The  most  marked  difference  is  seen  in  the  increased  num- 
ber of  teeth ;  but  in  this  point  it  relates  itself  to  the  other  Quadrumanay 
as  the  most  ancient  types  of  Camivora  and  Ungulates  do  to  the  more 
modern ;  e,  g.y  Hywnodom  to  the  former,  and  Palceosyops  to  the  latter. 
In  its  si>ecial  dental  characters  it  shows  a  dose  resemblance  to  small 
types  of  the  Eocene,  which  have  been  regarded  as  low  Perissodactyles, 
as  HyopsoduSy  &c 

TOMITHEBIUM  BOSTBATUH,  Gope. 

Proceediugs  of  the  American  Philosophical  Society,  1872,  n.  470,  (published  by  the 

aathor,  August  7,)  1.  c,  1873,  (read  April  18.) 

This  species  was  about  the  size  of  the  prehensile-tailed  monkey,  so 
frequently  seen  in  shows.  The  first  and  second  premolar  have  but  one 
root,  the  base  of  the  second  being  about  the  size  of  the  base  of  the 
canine.  The  latter  are  cylindric  at  base.  The  incisors  form  a  parabolic 
outline,  and  have  entire  edges,  the  middle  pair  transverse  ones.  Enamel 
generally  smooth,  premolars  somewhat  striate ;  an  indistinct  inner  cin- 
gulum. 

Measurements. 

M. 

Length  of  entire  dental  series,  ^straight) 044 

Length  of  symphysis  mandibuh 020 

Depth  ramus  at  second  molar 010 

Length  crown  of  second  molar 006 

Width  crown  of  second  molar : ". 0045 

Width  between  two  second  molars 014 

Width  between  two  canines 005 

Width  of  ascending  ramus  above  dental  foramen 016 

Length  of  linmenis 083 

Diameter  of  head 013 

Diameter  of  nhaft  at  middle 1...     .0085 

Diameter  of  distal  end,  transverse 023 

Diameter  of  distal  end,  antero-posterior 007S 

Depth  of  olecranon 0<J9 

Depth  of  ulna  at  coronoid 010 

Diameter  extremity  of  radius,  proximally 009 

Diameter  extremity  of  radius,  distally 010 

Length  of  ilium  from  acetabulum 0t*2 

Width  near  crest 017 

L<;u{;th  of  femur  preserved 137 

Width  just  below  neck 017 

Width  at  middle Oil 

Width  at  extremity 019 

Width  of  trochlea 009 

Liongest  chord  of  condyles  and  trochlea 019 

The  specimens  on  which  this  species  was  foiiuded  were  found  together 
by  the  writer  near  to  Church  Buttes,  Wyoniiug. 

NOTHARCTUS,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  364. 

This  genus  is  but  little  known,  but  is  probably  one  of  those  which  as- 
sociates characters  ot*  lower  quadrumaua  with  Cercolcptes  and  other 
types. 
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NOTHARCTUS  LONGICAUDUS,  Cope. 
PantoUsiM  longicaudus,  Cope.    Proceed.  Amer.  Philos.  Soc.,  1872,  p.  467,  (August  3.) 

This  form  is  one  of  those  mixed  types  which  are  so  abundant  in  the 
Bridger  Gronp.  Its  dental  formula  is  M.  3,  P.  M.  4,  c.  1,  incisors  un- 
known. The  molars  in  the  only  specimen  known  are  so  worn  as  to  pre- 
clude exact  description.  They  evidently  possessed  anterior  and  posterior 
lobes,  separated  by  a  valley,  which  was  most  expanded  on  the  inner  side. 
The  last  molar  exhibits  a  short  heel  posteriorly,  which  probably  sup- 
ported a  small  tubercle.  The  three  premolars  are  all  two-rooted  and 
compressed  in  form.  The  last  presents  a  crown  composed  of  one  large 
anterior  compressed  cusp,  and  a  much  lower  posterior  one.  There  is  a 
slight  ciugulum  in  front.  The  canine  is  lost,  but  its  iilveolus  indicates 
that  it  was  a  stout  tooth. 

So  far  as  the  known  dental  structure  goes,  this  species  resembles  nearly 
the  Notharctus  of  Leidy,  but  possesses  a  more  carnassial  fourth  premolar.    • 

Themandibular  ramus  is  quite  slender,  and  there  is  a  large  foramen 
below  the  first  true  molar.    The  masseteric  fossa  is  pronounced. 

I  originally  assigned  b'lt  3  P.  M.  to  this  species,  but  now  find  that  it 
possesses  four,  thus  resembling  Notlmrcttis.  It  differs  from  all  the 
species  described  by  MarsL,  in  having  the  second  premolar  two-rooted, 
and  from  Leidy's  two  species  in  its  slender  proportions. 

The  remains  of  this  species  were  found  together  by  the  writer  in  the    . 
Bridger  beds  on  Black's  Fork,  Wyoming. 

ANAPTOMORPHUS,  Cope. 

Proceedings  of  the  American  Philosophical  Society,  1872,  p.  554,  published  by  the 

author  October  12. 

This  genus  is  represented  by  the  left  ramus  mandibuli  of  a  single 
species.  The  posterior  portion  is  broken  away,  and  the  teeth  remainiug 
perfect  are  the  P.  M,  2,  and  M.  1  and  2.  The  ramus,  though  small,  is 
stout,  and  deeper  at  the  symphysis  than  at  the  last  molar.  What  ap- 
I)ears  to  be  the  dental  foramen  is  nearly  opposite  the  bases  of  the  crowns 
of  the  molars.    The  mental  foramen  issues  beneath  the  first  premolar. 

Dentition  of  the  ramus  mandibuli,  In.  2,  C.  1,  P.  M.  2,  M.  3,  total,  16. 
It  differs  from  monkeys  in  some  respects;  there  is  no  interruption  in  the 
series  near  the  canine,  and  the  symphysis,  though  massive,  is  not  coos- 
sified.  Further  details  are,  the  last  molar  is  three-lobed  and  elongated 
behind.  The  composition  of  the  crowns  of  the  preceding  molars  consists 
of  four  opposed  lobes,  which  are  very  stout,  and  connected  transversely 
by  a  thin  ridge  behind,  or  in  close  contact  in  front.  The  premolar  tooth 
which  is  best  preserved,  is  a  perfect  second,  which,  while  having  two 
roots,  possesses  a  crown  which  stands  almost  entirely  on  the  anterior, 
presenting  a  curved  sectorial  crest  forward  and  upward. 

The  dentition  is  more  typically  quadrumanous  in  this  genus  than  in 
the  last,  and  it  might  be  referred  decidedly  to  Lemuridw  were  it  not  for 
the  nnossified  symphysis.  It  no  doubt  represents  a  distinct  group  or 
family  from  Tomitheriumy  and  one  more  nearly  related  to  the  existing 
types  of  Madagascar  and  South  Africa. 

ANAPTOMORPHUS  iEMULUS,  CopC,  lOC.  cit. 

This  species  was  about  as  large  as  a  marmoset  ot  a.  t^  ^c^vrtO^.  'Ycl^ 
enamel  of  the  teeth  is  entirely  smooth. 


{ 
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Measurements. 

M. 

Lc-ngth  dental  line ». 0.0148 

Length  of  last  molar 0030 

Lenjjtli  of  ante-penult i 00i5 

Width  of  aute-pennlt 0020 

Length  of  three  molars  preserved 0070 

From  the  Bridger  Beds  of  the  upper  valley  of  Green  River. 

CARNIVORA.  * 

MESONYX,  Cope. 

This  genus  was  described  by  the  writer  in  the  Proceedings  of  the 
American  Philosophical  Society  for  1872,  p.  4G0,  and  published  in  an 
a<lvanee  edition  of  the  same  paper  on  July  29,  1872.  It  was  there 
referred  to  the  Carnivora,  and  stated  to  resemble  Hycenodon  in  some 
resi)ects.  I  propose  on  the  present  occasion  to  attempt  a  more  exact 
determination  of  its  structure  and  relationships.  The  only  species  yet 
certainly  referable  to  it  is  Mesonyx  obtiisidensj  Cope,  1.  c,  which  is  repre- 
sented "by  a  fragmentary  skeleton.  There  are  preserved  portions  of 
the  skull  with  the  teeth,  chiefly  mandibular;  numerous  vertebra  from 
all  parts  of  the  column ;  parts  of  scapula,  ulna  and  fore  feet ;  portions 
of  pelvis,  femora,  tibiaj,  tarsals,  metatarsals,  and  phalanges. 

The  numerous  uuguiculate  digits,  the  sectorial  character  of  the  molar 
teeth,  and  the  characteristic  form  of  the  astragalus  demonstrate  this 
genus  to  belong  to  the  Camivora  fisftipediu.  It  becomes  interesting,  then, 
to  determine  the  relations  of  an  Eocene  type  of  the  order  to  the  families 
now  living. 

The  cervical  vertehrce  are  damaged.  The  dorsals  are  strikingly  smaller 
than  the  lumbars,  being  less  than  halt*  their  bulk.  They  are  opistho- 
(KTlian  with  shallow  cups,  and  the  centra  are  quite  concave  laterally 
and  inferiorly.  The  centra  of  the  lumbars  are  more  truncate,  with  a 
trace  of  the  opisthoelian  structure,  and  are  quite  depressed  in  form. 
Th(»  median  part  of  the  series  is  more  elongate  than  in  the  correspond- 
ing vertebra?  of  the  genus  Ganis,  They  exhibit  an  obtuse  median  longi- 
tudinal angle,  on  each  side  of  which,  at  a  little  distance,  a  nutritious  ar- 
tery entered  by  a  foramen.  The  zygapopbyses  of  the  posterior  lumbars 
have  interlocking  articulations,  the  posterior  with  a  convex  exterior  ar- 
ticular face,  the  anterior  with  a  concave  anterior  one.  The  sacrum  is 
not  completely  preserved ;  three  co-ossified  centra  remain.  These  are 
more  elongate  and  the  diapophyses  have  less  expansion  than  in  FeJiSj 
E}jana,  Canis,  ovVrsus.  They  are  much  flattened,  and  the  middle  one 
has  two  slight  median  longitudinal  angles.  The  caudal  vertebra)  indicate 
a  long  tail,  with  stout  base.  Its  proximal  vertebrie  are  depressed,  and 
witli  broad  anteriorly-directed  diapophyses.  The  more  distal  vertebrae 
have  sub-cylindric  centra;  the  terminal  ones  are  very  small. 

The  glenoid  cavity  of  the  scapula  is  shallow  ;  the  coracoid  i)rocess  is  a 
slir)rt  hook  separated  by  a  strong  groove  from  the  edge  of  the  former. 
The  spine  is  well  developed.  In  the  character  of  the  coracoid,  this 
genus  resembles  FdiH  more  than  Canis  or  Ursus,  The  ulna  exhibits 
little  trace  of  articular  face  for  the  radius,  less  than  in  Felis  or  Canis. 
Its  humeral  glenoid  face  is  more  convex  transrersely  in  its  anterior  or 
vertical  portion  than  in  those  genera,  and  a  little  more  than  in  Ursus. 
In  the  hind  limb  the  femur  resembles  that  of  other  Camivora  in  all 
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essentials.  The  rotular  groove  is  Darrow  and  elevated,  tbe  inner  margin 
a  little  bigher.  The  condyles  are  rather  narrow,  the  inner  with  less 
transverse  and  anteroposterior  extent,  and  separated  by  a  wide  and 
deep  fossa.  The  patella  is  narrow,  thick,  and  trnncate  at  one  end.  The 
proximal  end  of  the  tibia  exhibits  a  very  prominent  and  well  elevated 
crest  or  spine,  which  bounds  a  deeply  excavated  fossa.  The  articu- 
lar faces  are  separated  by  a  deep  notch  behind;  the  external  is  a 
little  the  larger  and  is  produced  into  a  point  outwards  and  backwards; 
it  lacks  the  notch  of  the  anteroexterior  margin  so  distinct  in  CaniSj  but 
possesses  an  emargination  at  the  outer  base  of  the  crest  homologous 
with  it.  The  general  form  is,  however,  more  like  that  of  Canis  than  of 
FeliSj  and  least  like  that  of  Ursus.  The  distal  extremity  of  the  tibia 
presents  Carnivorous  characters.  The  two  trochlear  fosssB  are  deeply 
impressed,  the  outer  wall  of  the  external  pne  being  formed  by  the  fibula 
only.  The  anterior  marginal  crest  is  more  elevated  than  the  posterior, 
and  presents  ah  overlapping  articular  face  between  the  fossse  for  a  cor- 
responding tuberosity  of  the  neck  of  the  astragalus.  The  inner  malleolus 
is  entirely  without  the  groove  for  the  tendon  of  the  iibialis  posticus 
muscle,  and  therefore  dilierent  from  many  of  the  digitigrade  Carnivora, 
It  has  an  ovate  truncate  surface.  On  the  anterior  face  opposite  the 
inner  trochlear  groove  is  a  rather  small  but  deep  fossa. 

The  astragalus  hsi^  an  elougate  oblique  neck  and  a  navicular  extremity 
slightly  expanded  inwards.  The  trochlear  ridges  are  well  elevated,  and 
not  very  oblique  to  the  true  vertical  plane,  being  much  as  in  the  dog. 
The  distal  extremity  is  quite  different  from  FeliSj  Hyasna^  Canis,  and 
Ursus  in  having  a  rather  narrow  convex  facet  next  the  cuboid  bone  ex- 
tending from  front  to  rear,  and  in  having  the  navicular  facet  pulley-like 
or  slightly  concave  in  tranverse  section,  while  it  is  strongly  coiwex 
antero-posteriorly.  This  is  part  of  the  peculiarity  presented  by  the 
hind  foot  in  this  genus.  Behind  the  navicular*  facet,  on  the  superior 
face,  is  a  tuberosity  which  stops  the  flexure  of  the  foot  by  contact  with 
the  tibia ;  a  trace  of  it  is  seen  in  the  dog.  The  calcaneum  has  the  com- 
pressed form  of  the  digitigrades,  but  the  broader  interval,  and  convex 
external  astragaline  facets  resemble  much  more  those  in  the  bears.  The 
cuboid  facet  is  a  frustum  of  a  triangle  with  the  apex  directed  inwards 
and  downwards. 

The  metapodial  bones  are  rather  elongate,  and  flattened  so  as  to  be 
transverse  in  position.  A  second  metatarsal  is  more  flattened  than 
corresponding  bones  of  Cants  and  Felis,  Its  cuneiform  facet  is  some- 
what concave  transversely.  The  phalangeal  condyles  are  furnished  with 
an  anterior  and  inferior  carina,  which  is  wanting  above ;  the  articular 
face  is  wide  above  as  in  Cani^,  and  is  bounded  by  a  transverse  fossa  as 
in  digitigrade  genera.  The  phalanges  of  the  first  series  are  elongate 
and  curved  as  in  Fells,  being  relatively  longer  than  in  Ursus.  Phalanges 
of  the  others  series  are  quite  short.  The  ungues  are  short  and  flattened, 
their  inferior  surfa(J0  is  nearly  plane,  and  the  superior  but  little  convex. 
A  shallow  groove  divides  the  upper  face  longitudinally  to  the  ex- 
tremity. The  margin  below  is  acute  to  a  slightly  contracted  neck. 
There  is  no  indication  of  collar  for  reception  of  the  horny  sheath,  except 
perhaps  a  slight  area  of  fracture  on  each  side,  and  there  is  no  projecting 
tuberosity  below  for  insertion  of  flexor  tendon.  The  middle  of  tlie 
proximal  part  of  the  unguis  is  a  raised  plane,  and  on  each  side  of  it, 
at  the  neck,  two  arterial  foramina  enter.  There  is  a  small  foramen  in  the 
groove,  and  several  smaller  ones  near  the  margin.  These  ungues  re- 
semble somewhat  those  of  some  tortoises.  They  were  fowwvk  ^*\\Xv  ^^ 
other  phalanges,  with  which  they  agree  iu  size  vwiOi  v\i\\e.\A"aA\ovL.j'a>x^\!^<^ 
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doubt  belong  to  the  Bame  animal.  It  is  evident  that  the^^  differ  in 
character  from  those  of  most  existing  Carnirora.  The  penultimate 
phalanges  agree  with  them  in  the  depressed  form  of  their  proximal  ar- 
ticular faces,  wanting  entirely  the  triangular  form  so  characteristic  of 
Caryiivora,  especially  of  the  cats  and  dogs.  The  short,  flat  shaft  of  the 
same  is  almost  equally  peculiar. 

The  cranium  is  fragmentary.  The  malar  bone  of  the  right  side  is 
similar  in  position  and  form  to  that  of  the  CanidWj  especially  in  the 
presence  of  a  weak  angle  only,  to  mark  the  posterior  border  of  the  orbit. 
It  has  a  much  less  expanded  union  with  the  maxillary  than  in  these 
animals,  and  is  proximally  shallower,  thicker,  and  more  prominent.  Its 
I)08terior  portion  is  more  plate-like. 

There  are  numerous  teeth  preserved,  but  separate  from  the  skull,  and 
mostly  mandibular.  The  inferior  canine  is  stout  especially  in  the  root, 
which  is  a  flat  oval  in  section*.  The  crown  is  but  little  curved,  slightly 
compressed,  and  without  edge  or  groove.  The  premolars  graduate  into 
the  molars,  so  that  the  line  of  distinction  is  not  easily  drawn.  The 
first  premolar  haft  a  single  root;  the  crown  is  slightly  conic,  with  a 
small  tubercle  at  the  base  behind.  This  tubercle  increases  in  size  on  the 
premolars  2  and  3,  and  beconoes  on  the  true  molars  a  longitudinal 
cutting  e<lge  extending  along  the  axis  of  the  crown,  not  much  elevated 
above  a  wide  base.  It  occupies  half  the  length  of  the  crown  in  the 
larger  molars,  and  is  preceded  by  an  elevated  conic  cusp.  In  front  of 
the  base  of  this,  a  small  conic  tubercle  i>rojectB  forwards,  which  appeared 
as  a  rudiment  on  the  third  premolar.  The  number  of  mandibular  teeth 
would  appear  to  be,  P.  M.  3,  M.  4.  No  portions  certainly  referable  to 
the  superior  molars  were  found. 

Conclusion,  lu  summing  up,  it  may  be  accepted  as  a  result  of  the 
above  analysis  that  the  genus  Mesonyx  represents  a  family  of  Camivora 
digitigrada,  distinct  from  any  now  living  on  the  globe.  The  form  of  the 
astragalus  renders  it  probable  that  the  inner  toe  is  wanting  or  rudimen- 
ti\\,  and  that  there  were  four  digits  on  the  hind  foot.  The  foot  was  also 
short,  and  the  claws  flat,  and  altogether  without  prehensile  use,  but 
rather  adapted  for  aquatic  life.  The  number  of  molars  exceeds  that  in 
any  recent  terrestrial  family  of  Camivora  except  the  Pro^d/Wa,  and  their 
secitorial  form  allies  it  at  once  to  the  extinct  Hycenodontidoe.  To  this 
fam  ily  the  genus  Mesonyx  may  possibly  be  at  present  referred.  Amongre- 
cent  families  it  approaches  nearest  the  Cflw/rftt?,but  has  structures  borrow- 
ed from  others,  while  its  numerous  molars  constitute  a  point  of  greater 
generalization  than  any.  Although  sectorials,  this  character  is  not 
nearly  so  marked  as  in  the  existing  Camivora^  the  cutting  edge  being 
obtuse  and  occupying  half  the  crown  only,  while  the  elevated  cone  occu- 
I)ying  the  remainder  distinguishes  the  genus  from  these  and  from  HycR- 
nodon  also.  The  lobe  corresponding  to  1  his  cone  is  preceded  in  Hyanodon 
by  a  cutting  edge,  in  Mesonyx  by  a  tubercle. 

Mesonyx  obtusidens.    Cope. 

Proceedings  American  Philosophical  Soc.,  1872,  A{¥),  (July  29.) 

This  species  wi\s  as  large  as  our  largest  wolves.  AVhile  the  proportions 
of  the  limbs  were  not  very  different,  the  body  was  rather  more  slender 
behind.  The  orbit  was  smaller,  and  the  cheek  bone  more  prominent 
than  in  those  animals.  The  long  tail  added  to  the  general  resemblance 
to  the  dogs.    The  measurements  are  as  follows : 
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MeMuremenU. 

M. 

Length  malar  bone 0.073 

Depth  malar  bone  in  front 01(5 

Depth  malar  bone  at  pcHBtorbital  au^le 023 

Depth  malar  bone  at  middle  of  orbit 015 

Thickness  malar  bone  at  middle  of  orbit ...•• 013 

Transverse  diameter  glenoid  cavity  of  scapnla 025 

Transverse  diameter  ulnar  cavity  for  humems 014 

Length  oentmm  dorsal  vertebrse 019 

Diameter  centrum  do. y  transverse 018 

Diameter  centrum  do.,  vertical 014 

Length  centrum  of  a  median  lumbar 030 

Diameter  centrum  do.,  transverse 025 

Diameter  centrum  do.,  vertical 016 

Diameter  centrum,  first  sacral  vertical 014 

Diameter  centnim,  first  sacral  transverse t 026 

Expanse  of  do 046 

Length  of  two  sacral  vertebras 049 

Length  of  proximal  caudal 022 

Expanse  dxapophyses  caudal ^ 036 

Diameter  centrum  do.,  vertical 009 

Diameter  centrum  do.,  transverse 015 

Diameter  centrum  distal  caudal,  vertical 007 

Diameter  centrum  do.,  transverse 007 

Chord  of  femoral  trochlea  and  condyles 038 

Width  trochlear  groove 013 

Width  condyles 029 

Width  tibia  proximally 038 

Diameter  do.  antero-posteriorly 039 

Diameter  shaft, .  050  M.  from  end 017 

Diameter  distal  extremity  transversely 026 

Diameter  distal  extremity  antero-posteriorly 018 

Length  patella 025 

Width  patella 015 

Length  astragalus .r...     .030 

Width  astragalus  above 016 

Width  astragalus  distally 017 

Width  astragalus  neck 012 

Width  cuboid  facet  of  calcaneum 016 

Depth  cuboid  facet  of  calcaneum Oil 

Width  of  a  second  metacarpal  (shaft) 012 

Depth  of  a  second  metacarpal  (bead) 014 

Width  of  a  second  metacarpal,  distal  end 010 

Length  proximal  phalange 0290 

Width  proximally... 0100 

Width  proximally  of  a  penultimate  do 0085 

Length  of  a  penultimate  do 0110 

Length  ungucal  phalange 0150 

Width  medially 0065 

Width  proximally 0070 

Length  crown  of  canine  tooth,  (worn) <^2U0 

Diameter  of  base  fore  and  aft 013 

Diameter  premolar,  (1) ^ 006 

Length  crown  do 006 

Length  base  premolar,  (2) Oil 

Ileigbt  crown  premolar,  (2) 009 

Length  crown  true  molar Old 

Width  crown  true  molar 008 

Height  of  cutting  edge 005 

• 

There  are  no  cingiila  on  the  teeth,  and  the  enamel  is  perfectly  smooth. 
The  appearance  of  the  crowns  as  well  as  the  bones  indicates  an  adult 
animal. 

The  bones  of  this  animal  were  found  together  on  a  bluff  of  Cotton- 
wood Creek,  Wyoming,  by  myself,  while  attached  to  Hayden's  geologi- 
cal survey  of  the  Territories  for  1872. 
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SYNOPLOTHERIUM.    Cope. 

Proceedings  Ameru^an  Philosophical  Society,  1872,  483,  (published  Augast  20.) 

KepreseDted  as  yet  by  a  single  species,  which  is  knowu  from  frag- 
mentary remains  of  a  single  individual.  The  portions  preserved  are : 
a  large  part  of  the  skull  with  nearly  complete  dentition,  the  superior 
molars  loose ;  lumbar  and  caudal  vertebrsB ;  large  portions  of  both  fore 
limbs,  including  the  bones  of  the  feet;  smaller  portions  of  the  hind 
limbs  and  feet. 

The  bones  of  the  /ore  Umhs  are  stout  in  their  proportions.  The 
hu7nerus  has  a  well-marked  rugose  line  for  muscular  insertion  ou  its 
posterior  face,  but  no  prominent  angle.  Distally  the  inner  and  outer 
condylar  tuberosities  are  almost  wanting,  and  there  is  neither  external 
aliform  ridge,  nor  internal  arterial  foramen.  The  olecranar  and  coro- 
noid  fossse  are  confluent,  forming  a  very  largo  supracondylar  foramen. 
The  condyles  are  moderately  constricted  m^ially,  and  there  is  a  well- 
marked  submedian  rib  separated  from  the  outer  condyle  by  a  constric- 
tion. The  latter  is  continued  as  an  acute  ridge  on  the  outer  side  of  the 
olecranar  fossa.  The  inner  condyle  is  the  more  prominent,  and  its  outer 
margin  is  a  sharp,  elevated  crest.  The  ulna  has  a  very  prominent  su- 
perior process,  continuing  the  cotylus  upward.  The  coronoid  process,  on 
the  other  hand,  is  rather  low.  The  radial  cotylus  is  flat  and  broad. 
The  distal  end  is  not  preserved.  The  radius  has  a  more  transverse  head 
than  Ca7m  or  FeJis,  and  has  three  articular  planes,  the  inner  being  a 
wide,  oblique  truncation  of  the  edge.  The  shaft  is  angulate  below,  and 
becomes  a  litttle  deeper  than  wide  near  the  distal  end.  The  extremity 
is  lost.  The  carpal  bones  are  probably  all  present.  The  fore  foot  was 
found  in  place  so  that  the  relations  of  the  bones  are  known  with  cer- 
tainty. The  scaphoid  and  lunar  appear  to  be  distinct.  The  former 
exhibits  proxinially  the  inner  tuberosity,  then  a  slight  concavity,  and 
then  the  convexity,  where  it  is  obliquely  truncated  so  as  to  give  a  gen- 
eral rhomboid  outline.  Beneath  there  are  but  two  facets,  the  inner  the 
deei)est,  and  divi<led  lengthwise  by  the  truncation  of  the  bone.  The 
larger  facet  fits  correctly  tlic  0.  0.  trapezium  and  tnipozoides.  The  lunar 
was  not  found  in  its  place,  but  two  fragments  taken  from  the  matrix 
just  behind  it,  adhering  to  the  pisiforme  probably  belong  to  it.  The 
upper  face  is  concave.  The  cuneiform  is  large  and  concave  lengthwise 
above  for  the  narrow  extremity  of  the  ulna.  Below  it  has  a  large  concave 
facet  for  the  unciform.  The  pisiforme  is  of  unusual  size,  and  is  as  stout 
as  the  largest  metacjirpus,  and  nearly  half  as  long  as  the  outer  (5th) 
metacarpal.  It  articulates  with  a  thick  V-shaped  tsicet  of  the  cuneiform. 
Its  extremity  is  obtuse  and  expanded.  The  trapezium  is  large  and  at- 
tached to  its  metacarpus  laterally,  sending  a  jirocess  downwards 
posteriorly.  If  supports  a  narrow  articular  surface  lor  the  metacarpus 
of  a  small  i)ollex  or  inner  digit,  which  is  not  preserved.  The  trapezoid 
is  smaller  and  of  a  triangular  outline,  with  the  base  forwards.  The 
magnum  is  a  rather  small  bone  articulating  as  usual  with  the  metatar- 
sals 2  and  3.  It  is  dei)re8sed  in  front.  Tlie  unciform  is  a  large  bone 
with  a  considerable  external  anterior  .surface.  Two-thirds  of  its  upper 
surface  are  in  contact  with  the  cuneiform,  the  remaining  i)art  projecting 
upwards  witli  convex  face  to  unite  with  the  lunare.  Below  it  supports 
metatarsals  4  and  5. 

There  were  probably  five  digits  of  the  fore  foot,  the  inner  small  or 
rudimental.  The  proportions  are  stouter  than  in  the  dogs,  but  not  so 
much  so  as  in  the  bears.     The  phalanges  have  a  length  siuiilar  to  that 
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seen  in  some  bears,  but  the  metatarsals  are  moi;e  elongate.  The  lengths 
of  the  latter  are,  5th  shortest,  then  2d,  3d,  and  4th.  Their  condyles 
are  broad,  with  median  keel  behind,  and  shallow  supracondylar  fossa 
in  front.  The  first  phalanges  are  about  one-third  the  length  of  the 
metacarpals ;  the  second  of  digit  No.  2,  broad  and  stout,  and  half  as 
long  as  the  phalange  of  the  first  row.  An  ungueal  phalange  has  a 
singular  form,  so  that  the  claw  might  be  supposed  to  have  a  subuugu- 
late  character.  It  is  flat,  considerably  broader  than  high,  and  with  ex- 
panded and  obtuse  extremity.  The  articular  extremity  is  depressed  and 
transverse,  concave  in  vertical,  convex  in  transverse  section.  The  an- 
terior three-fifths  of  the  superior  middle  line  are  occupied  by  a  deep  gap- 
ing fissure,  which  separates  the  extremity  into  two  points.  The  inferior 
face  is  entirely  fiat,  there  being  no  tendinous  tuberosity.  The  sides  are 
grooved,  and  give  entrance  each  to  a  large  arterial  foramen  proximally. 
These  claws  resemble  those  of  Mesonyob^  and  differ  remarkably  from 
those  of  existing  terrestrial  Carnivora. 

Of  kinder  limb  the  only  characteristic  pieces  remaining  are  the  navic- 
ular, cuboid,  and  an  external  cuneiibrm  bone.  The  cuboid  is  rather 
stout,  with  a  slight  concave  facet  at  one  extremity  and  two  at  the  other, 
one  of  them  smaller  and  sublateral.  The  navicular  is  wide  and  flat,  aud 
with  a  strongly  concave  astragaline  facet.  Below,  it  presents  two  deep 
oblique  concave  facets  for  the  cuneiforms,  with  a  small  sublateral  one  on 
the  outer  side.  The  facets  of  the  cuboid  and  astragalus  indicate  four 
well  developed  digits  aud  another  perhaps  smaller  one.  Thus  in  this 
genus  they  were  on  both  limbs  probably  5-5,  with  the  inner  small. 

The  cranium  is  fractured  above.  There  remain  the  squamosal  and 
X)eriotic  bones,  occipital  condyles,  malar  and  part  of  maxillary,  both  pre- 
maxillaries  aud  the  greater  part  of  both  nuvndibular  rami.  The  post- 
glenoid  process  of  the  squamosal  is  produced  inferiorly  far  below  the 
auditory  meatus,  even  further  than  in  the  bears.  Its  proximal  portion 
includes,  on  the  lower  face,  a  strong  groove  at  right  angles  to  the  axis 
of  the  cranium,  with  its  defining  margins  acute  and  pi*oniinent.  This  is 
the  transverse  glenoid  cavity  of  the  carnivorous  type.  The  zygoma  has 
a  wide  curvature  indicating  a  powerful  temporal  muscle.  The  posterior 
angle  of  the  malar  extends  well  posteriorly.  Its  anterior  portion  pro- 
jects, forming  a  longitudinal  rib;  there  is  no  produced  postorbital  pro- 
cess. The  tympanic  bone  is  produced  upwards  and  outwards  and  forms 
a  tube  with  everted  lips.  The  opisthotic  (mastoid)  separates  it  entii*ely 
from  the  exoccipital,  and  overlaps  the  posterior  half  of  the  tube  by  a 
laminar  expansion.  A  pit  in  this  bone  near  the  meatus  externus  repi-e- 
sents  the  insertion  of  the  stylohyal  ligament.  There  is  no  bulla,  the 
tympanic  chamber  being  small  and  with  thick  walls.  The  character  of 
this  region  forbids  the  idea  of  any  tapiroid  afilnities  on  the  part  of  this 
genus,  aud  resembles  that  seen  in  the  bears  more  than  that  of  any  other 
carnivorous  type. 

The pretnajciUaries  are  vertico-oblique  in  position,  presenting  the nareal 
opening  directly  forwai-ds  as  in  cats,  but  with  a  still  less  prominent 
alveolar  border.  The  horizontal  part  of  this  border  is  indeed  very  short, 
including  but  two  small  incisors.  It  then  rises  vertically,  and  turns 
obliquely  backwards  to  the  maxillary,  inclosing  a  deep  sinus  with  the 
canine  tooth.  From  the  anterior  side  of  this  sinus  the  larger  external 
incisor  issues,  with  its  root  extensively  exposed  externally.  A  rib 
ascends  from  the  front  of  its  alveolus  to  the  anterior  or  nareal  margin 
of  the  bone.  The  triturating  surfaces  of  the  incisOrs  are  directed  back- 
wards, and  the  alveolar  edge  is  thickened  in  front  of  them  witkdit>\V»^^- 
osity.    The  teeth  are  much  worn  so  that  the  loim^ol  X\i^\!XO\;\i^^^diXi\iKsX^ 
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be  detomiiiied,  but  projecting  .25  inch  beyond  the  alveoli  they  are  com- 
]»resse<l,  tbe  large  outer  tooth  with  a  longitudinal  angle  in  front. 

Tht'  mandibttlar  rami  are  qnite  elongate,  and  indicate  a  craninm  near 
the  size  of  that  of  the  brown  bear,  ( Uraus  aretos.)  Their  form  is  slender, 
and  they  have  a  long,  rather  narrow,  symphysis,  which  projects  obliquely 
forwards.  The  angle  is  not  preserved.  The  mental  foramen  is  large  and 
issues  just  behind  the  canine  teeth 

The  denlil ion  is  I.  jg ;  C.  ^  ;  M.  ^|.  The  canine  is  of  very  large  size, 
esi)e<?ially  the  part  protnided  beyond  the  alveolus.  The  crown  is  stout 
at  the  base,  but  is  soon  compresseil  and  obliquely  truncated  by  the 
attrition  of  the  inferior  canine  on  its  inner  face.  Two  superior  molars 
preserv'cd  are  three-rooted,  and  the  section  of  the  crown  is  more  or  less 
equally  trilobate.  The  number  in  the  maxillary  bone  is  estimated  at 
seven,  the  number  found  in  the  ramus  of  the  mandible.  There  are  six 
two-rooted  molars  below  and  probably  one  single-rooted  premolar, 
though  this  is  indicated  by  an  alveolus  only.  The  molars  are  rather 
narrow  antero-posteriorly,  and  are  not  very  different  in  size,  except  that 
the  penultimate  is  a  little  longer,  and  the  last  a  little  shorter  than  the 
others.  There  was  evidently  a  longitudinal  cutting  edge  behind,  and 
some  other  shorter  process  on  tbe  front  of  the  crown ;  the  edge  is  pre- 
served on  the  last  tooth  and  resembles  that  of  Mesonyx^  so  that  I  have 
little  doubt  that  the  remainder  of  the  tooth  was,  as  in  that  genus,  a  conic 
tubercle.  The  most  remarkable  feature  of  the  genus  is  seen  in  the 
inferior  canines.  These  are  very  large  teeth,  and  are  directed  immedi- 
ately forwards,  as  in  the  case  of  the  cutting  teeth  of  rodents.  They  work 
with  their  extremities  against  the  retrorse  crowns  of  the  two  external 
incisors  above,  and  laterally  against  the  superior  canine.  They  ai-e 
separated  by  a  space  about  equal  to  the  diameter  of  one  of  them.  In 
this  spa<^  I  find  no  alveoli  nor  roots  of  teeth  ;  the  outer  alveolar  wall 
extends  far  beyond  the  inner.  The  latter  terminates  opi)osite  the  middle 
of  the  sui)erior  canine.    It  may  be  that  there  are  no  inferior  incisors. 

Some  of  the  vertebra^  display  stout  triangular  neural  spines;  on  the 
lunibars  the  posterior  zygapophyses  are  embraced  laterally  by  the 
grooved  correspondents  of  the  succeeding  vertebra.  Some  of  the  caudal 
vertebne  are  long,  slender,  and  without  neural  arch,  indicating  that  this 
genus,  like  Meaony.r,  had  a  long,  slender  tail. 

Affinities,  Having  descril>ed  the  available  parts  of  this  form,  it  re- 
mains to  consider  its  place  in  the  zoological  system.  The  structure  of 
thedentitionof  the  u])per  jaw,  with  the  mode  of  articulation  of  the  man- 
dible, removes  it  from  such  orders  as  Uodentia  au<I  Edentata.  The  only 
remaining  ones  with  which  it  is  necessary  to  compare  it  are  the  Peris- 
sodactyla^  Froboscidia,  and  Carnivora,  As  many  of  the  diagnostic  bones 
are  wanting,  it  is  necessary  to  rely  on  collateral  and  empirical  indica- 
tions of  relationshi]>.  From  tapiroid  types  the  development  of  the 
tympanic  region  distinguishes  it.  From  Proboscidians  the  slender  feet 
and  reduced  ulna,  as  well  as  the  longitudinal  crests  of  the  teeth  separate 
it.  It  then  remains  to  compare  it  with  Ferissodactylcs  of  the  tyj>es  which 
l)ossess  strong  canin(»  teeth.  In  points  of  rtssemblance  to  these  we  have 
the  flat  claws  and  separate  scaphoid  and  lunar  bones;  nevertheless  the 
greater  number  indicate  truer  affinity  to  the  Carnirora.  Such  are  the 
external  transverse  glenoid  cavity,  the  teeth  with  longitudinal  crests, 
the  slender  digits,  the  well-developed  tympanic  bone;  confirmatory  are 
the  large  canine  teeth,  the  incomplete  orbit,  and  the  i)rojecting  inner 
cond.vle  of  the  humerus.  The  form  of  the  claws  is  not  absolut(*ly  in- 
<*(nnpatible  with  the  same  order,  as  it  is  apiuoximated  by  some  of  the 
Seals, 
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Among  Camivaraj  the  feet  are  like  both  dogs  and  bears.  The  very 
promiuent  postglenoid  ridge,  and  the  narrow  tympanic  chamber*  are 
decided  points  of  resemblance  to  the  bears,  bat  the  eavum  tympani  is 
even  less  expanded  than  in  those  animals.  The  characters  of  dentition 
are  more  like  those  of  the  Hycenodontidw  and  Mesonyx  thixn  any  other 
groap,  and  even  the  remarkable  incisor-like  inferior  canines  are  approxi- 
mated by  the  anteriorly  directed  canines  of  Syeenodan  lq^torhynchu8j 
Laiz.  et  Pan 

As  a  summary,  it  may  then  be  concluded  that  the  genos  Synaplothe- 
Hum  is  a  Garnivore,  presenting  a  number  of  points  of  resemblance  to 
the  bears,  and  to  the  extinct  Hycenodons  ;  but  that  its  distinct  scaphoid 
and  lunar  bones,  and  flat  claws  ally  it  to  other  forms  of  Mammalia^  show- 
ing it  to  be  a  more  generalized  type  of  the  order  than  either  of  the 
above.  The  peculiar  approach  of  the  lower  canines  is  a  special  modifi- 
cation for  peculiar  habits,  which  I  suspect  to  have  been  the  devouring 
of  the  turtles  which  so  abounded  on  land  and  in  the  waters  of  the  same 
period.  The  slender  symphysis  could  most  readily  be  introduced  into 
the  shell,  while  the  lateral  pressure  of  the  upper  canines  with  the  lower, 
would  be  well  adapted  for  breaking  the  bony  covering  of  those  reptiles.? 
It  is  not  unlikely  that  this  genus,  MesimyXj  and  possibly  ^^oenoc^n  form 
port  of  the  lost  series  which  terminated  in  the  Seals  of  the  present. 

Synoplotherium  lanius.    Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  483. 

The  cranium  of  this  species  is  rather  less  than  that  of  the  grizzly 
bear,  while  the  other  bones  do  not  indicate  so  large  an  animal. 

Measurements. 

M. 

Length  glenoid  cavity 0.045 

Width  glenoid  cavity 025 

Diameter  zygomatic  fossa 058 

Width  opisthotic  inside  for.  stylohyoideum •> 014 

Diameter  meatus  auditorius  extemns 012 

Diameter  cavum  tympani 009 

Length  ramus  mandibiili  preserved 228 

Length  of  series  of  seven  molar  teeth 131 

Length  of  last  molar  crown ^.     .0155 

Width  of  last  molar  crown 0080 

Length  of  penultimate  crown 0215 

Width  of  penultimate  crown 0100 

Length  exposed  part  of  inferior  canine 024 

Length  exposed  part  of  superior  canine 032 

Length  exposed  part  of  outer  upper  incisor .' 023 

Diameter  tritarating-surface  inferior  canine ^ 028 

Diameter  tritura ting-surface  do.,  transverse 0166 

Diameter  superior  canine,  (antero-posterior) 024 

Diameter  of  the  two  inner  incisors 010 

Diameter  of  exterior  incisor,  (oblique) 010 

Diameter  symphysis  mandibnli 044 

Diameter  nareal  orifice •..     .040 

Depth  nareal  orifice --.     .  031 

Depth  mandibular  ramus  atM.  6 049 

Thickness  below  of  ramus  atM.  6 014 

Length  of  a  superior  molar  crown 020 

*  See  Professor  Flower's  Osteology  of  Mammalia  on  this  point. 
^  See  Proceed.  Amer.  Philos.  Soc,  1872,  p.  484. 
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M. 

Diameter  condyle  of  hnmenia 047 

Diameter  shaft  of  hnmenu  (oompreesed) 0410 

Diameter  condyles  of  hameros 0415 

Diameter  condyles  of  hnmems,  (antero-posterior) 032 

Diameter  head*radiu»,  (transverse) 02H2 

Diameter  head  radins,  (vertical) 0162 

Diameter  shaft  radios 016 

Diameter  cotylns  of  ulna,  (long) .  030 

Depth  ulna  at  coronoid  process 034 

Length  carpus  and  digit  2  without  unguis 112 

Length  two  phalanges  do 037 

Length  metacarpal  do 061 

Length  metacarpal  No.  3 074 

Length  metacarpal  No.  4 070 

Length  metacarpal  No.  5 053 

Length  scaphoid,  transversely ^ • 023 

Length  cnneiform,  transversely .' 027 

Length  pisiform 027 

Width  pisiform  distally 016 

Length  unciform,  transversely 020 

\Vi«lth  uncifon^,  antcro-posteriorly 013 

Width  trapezoid,  antero-posteriorly - 0155 

W^idth  trapezium,  antero-posteriorly 0114 

Length  trapezinm,  vertically 016 

WMdth  scaphoid,  antero-poeteriorl v 015 

Width  navicular,  antero-posteriorly 0155 

Length  navicular,  transversely 0255 

Length  ungueal  phalange 016 

Width  ungueal  plialange * 010 

Diameter  centrum  of  lumbar  vertebra. 029 

Diameter  centrum  of  caudal  vertebra 009 

The  dental  series  is  nnintermpted  from  the  cauine,  if,  as  I  believe, 
tliere  is  au  alveolus  for  a  simple  premolar  behind  it.  This  I  overlooked 
when  first  describing  the  si>ecie8,  and  hence  gave  the  molars  as  6  instead 
of  7.  The  superior  canine  is  smooth,  but  the  inferior  one  of  the  left 
side  has  a  longitudinal  groove  on  its  extero-inferior  face^ 

l\*estoraiion. — This  carnivore  had  a  large  head,  with  a  long,  rather 
narrow,  and  truncate  muzzle.  The  limbs  were  relatively  smaller,  not 
exceeding  those  of  the  black  bear  (Urnus  amcrk-anus)  in  length  and 
tliicknesK.  The  tail  was  long  and  slender  as  in  the  cats,  while  the  claws 
were  broad  and  fiat. 

Jlistory,  locality^  dc — The  teeth  are  very  much  worn,  indicating  the 
hard  food  on  which  the  animal  had  subsisted,  as  well  as  its  mature  age. 

I  oiiginally  described  this  speciesasresembling  the  remarkable  genus 
Anchipimdm*  of  Lcidy,  and  subsequently  (on  the  Short-footed  Ungu- 
lata  of  Wyoming,  &c.,  p.  5.)  have  alluded  to  the  large  rodent  incisor- 
like teeth  as  tiiough  they  were  homologous  in  the  two  genera.  I  there 
identified  those  teeth  in  t^ynoploihcrium  as  canines,  adding  that  they 
were  i)robably  the  same  in  Aiwhippodus.  Having  determined  the  car- 
nivorous allinities  of  the  former  genus,  the  homology  of  these  apparently 
similar  teeth  in  the  latter  becomes  problematical.  With  our  i)resent 
knowledge,  the  type  of  molar  teeth  in  Anchippodm  resembles  that  of 
many  ungulates,  and  it  is  not  therefore  i)robably  allied  to  Synoplothe- 
riiun,  Nevertheless,  it  is  not  jet  certain  that  the  teeth  in  question  are 
incisors,  and  that  the  genera  are  in  nowise  related,  though  a  simihir 
modification  of  a  remarkable  character  in  distinct  but  co  existent  types 
is  by  no  means  an  unprecedented  circumstance. 

The  remains  on  which  the  above  identification  is  based,  were  found 
by  the  writer  on  a  terrace  of  the  Mammoth  Buttes,  near  South  Bitter 

'  See  in  Hayden'tj  Geo\.  S\iTY.'Mlotita.\i^,  IWl,  (jm  Trogosus,) 
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Creek,  in  Wyoming.  The  cranium  and  fore  foot  and  leg  were  excavated 
from  the  deposit. 

Formation,  the  Bridger  Group  of  the  Eocene  of  Hayden. 

Professor  Marsh  has  described  two  genera  of  Carnivora  from  the  same 
formation,  embracing  species  approaching  this  one  in  size.  They  are 
both  distinguished  by  the  broader  forms  of  the  crowns  of  the  inferior 
molar  teeth,  and  other  points. 

STYPOLOPHUS,  Cope. 

Prooeed.  Amorican  Philos.  Soc.  1872,  p.  466 ;  published  Aagnst  3, 1872. 

This  genus  embraces  small  species  of  carnivorous  animals  found  by 
the  writer  in  the  Eocene  formation  of  the  Bridger  Group.  It  is  repre- 
sented by  portions  of  mandibular  rami  of  three  species,  with  molar  and 
premolar  teeth. 

The  generic  characters  are  seen  in  the  composition  of  these  molars, 
which  have  but  two  roots,  and  a  posterior  table,  as  is  seen  in  tubercular 
molars  of  some  Viverridce.  The  anterior  two-thirds  of  the  crown  is  com- 
posed of  conic  cusps.  On  the  last  molars  these  are  in  two  series,  two 
lower,  of  the  inner,  and  one  more  elevated,  of  the  outer,  opposite  the 
interval  between  the  inner.  Its  outer  face  is  regularly  convex,  but  its 
posterior  forms,  with  that  of  the  outer  series,  a  single  flat  vertical  plane, 
which  forms  a  sharp  angle  with  the  inner  and  outer  faces  of  the  cusps. 

The  structure  is,  in  general,  somewhat  like  that  of  Mesonyxj  Cope,  but 
the  lack  of  cutting  edge  on  the  posterior  lobe,  and  the  two  rows  of  tuber- 
cles separate  it  widely.  Dr.  Ijeidy  describes  Sinopa  as  having  a  sec- 
torial tooth  as  in  ordinary  Carnivora^  with  an  interior  cusp ;  hence  it  is 
not  probably  the  present  form,  although  one  species  was  about  the  size 
of  the  8.  rapax. 

STYPOLOPHUS  INSECTIVORUS,  Copc. 
Proceed.  Amer.  Philos.  Soc.  1872,  p.  469 ;  published  August  7,  1872. 

Represented  by  a  posterior  molar  and  a  premolar  of  the  right  side  of 
an  animal  less  than  half  the  size  of  the  iS.pungens,  Cope.  The  molar 
presents  three  anterior  trihedral  acute  tubercles,  of  which  one  is  exte- 
rior and  more  elevated  than  the  others.  Its  posterior  plane  forms  one 
transverse  face  with  that  of  the  inner  posterior.  The  posterior  tuber- 
cular heel  is  low,  and  supports  an  oblique  ridge  which  bounds  a  deep 
groove  behind  the  outer  cusp,  no  doubt  to  receive  that  of  the  upper  jaw. 
This  anangeraent  is  not  seen  in  X  pungens.  The  premolar  is  a  flat  cone 
with  faint  traces  of  a  tubercle  behind  and  cingulum  on  inner  side. 

Measurements. 

M. 

Length  crown  molar 0.0050 

Height  inner  cusp - 0040 

Length  heel 0025 

Width  ^rown 0030 

Height  crown  premolar 0040 

Length  crown  premolar 0040 

Found  in  the  Eocene  Bad  Lands  of  Black's  Fork,  by  the  writer. 

STYPOLOPHUS  PUNGENS,  CopC. 
Loc.  cit.,  1872,  p.  46() ;  published  August  3. 

This  is  the  type  of  the  genus,  and  is  partially  de«R.\^^ift^  Va.  ^^ 
generic  paragraph. 
The  euamel  is  smooth. 
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Mea$uremeHt$. 

If. 

iMjtth  ramnn  at  last  molar 0.011 

heiifi^h  laAt  ino!ar 0072 

Width  laht  molar,  pofiteriorly 00-10 

Iffrijfht  iiirj«-r  tnlHsrde 0062 

Height  external  tutiercle,  (anterior) 0040 

ThiH  HiKfcies  was  aboat  the  size  of  the  gray  fox. 
From  tbe  bluffH  of  Cottonwood  Creek,  WyomiDg. 

Stypolophcs  bbeyicalcabatus.  Cope. 

Loc.  oit.,  p.  409;  pablished  Aagust  7, 1672. 

EHtablished  on  a  iK>rtion  of  the  left  mandibalar  ratnns,  containing  the 
penultimate  and  ante-i>enultimate.  molars,  of  an  animal  of  larger  size 
than  the  type  of  the  genns,  8.  pungens.  The  molars  have  the  general 
characters  of  tbe  corresponding  ones  of  that  species,  but  differ  in  their 
greater  elevation  in  comparison  with  their  length,  and  the  greater  con- 
vexity of  the  outer  side.  The  shortness  is  occasioned  by  the  abbrevia- 
tion of  the  heel,  which,  in  the  last  molar  present,  is  very  small  and  flat, 
without  keel  or  tubercle  on  its  surface.  That  of  the  molar  preceding  it 
is  larger,  and  presenti)  in  its  elevated  outer  margin  a  trace  of  the  keel 
seen  in  the  smallest  s]>ecies.    Enamel  smooth. 

MeasuremenU. 

M. 

Length  of  two  raolars 0.016 

Leugtluofpeuultiujate  crown .008 

Width  of  penultimate  crown 0047 

Length  of  i»enultiinate  heel 002 

There  is  some  similarity  between  Stypolophvs  and  Triacodon^  ^larsh. 
If  Hh^  lieel  of  tlie  molars  of  the  former  were  wanting,  they  would 
be  those  of  the  latter.  The  premolars  might  bo  supposed  to  have  this 
structure,  but  the  form  seen  in  S,  insecti varus  disproves  this  view. 
In  faet,  I  have  seen  both  molars  and  premolars  of  Triacodoii  aculeatusy 
Cope,  an<l  the  former  lack  the  heel  of  the  iStyj)olophi  entirely. 

VIVEKRAYUS,  Marsh. 

Amer.  Jouru.  »Sci.  Arts,  1j?72,  x).  127. 
YlVERRAVUS  PARVIVORUS,  Cope. 
Miar'iH  jmrrivoruHy  Cope.    l*n)cecd.  Amer.  I'hilos.  Soc.  1872,  p.  470,  Angnst  7. 

EstablislK'd  on  ji  i)ortiou  of  the  ri^lit  ramus  niandibuli,  containing 
jMUtions  of  three  molars,  the  iwnultiniate  being  perfect.  As  in  Canidic^ 
the  molars  diminish  in  size  postenorly,  the  last  being  single-rooted,  the 
jKMiultiniate  hein*;  two  rooted.  The  structure  of  that  tooth  is  approxi- 
mately that  of  tStypolopknSj  u  c,  with  three  trihedral  cusps  in  front  and 
a  heel  behind ;  but  the  cusps  are  of  equal  height,  and  their  point  of 
union  not  raised  above  the  surface  of  the  heel.  This  is  a  valley  bounded 
by  a  sharp  margin  which  is  incurved  to  the  outer  cusp,  leaving  a  ver- 
tical groove  on  the  outer  side,  as  in  Stypolophus  sj).  This  genus  i'urther 
dillers  iVom  that  one  in  the  single-rooted,  small,  tubercular  posterior 
molar,  which  is  wanting  in  that  one.  The  ante-penultimate  molar  is 
much  larger  than  the  penultimate.  The  crown  of  the  latter  is  laterally 
e.\7>a/)de(l,  and  bears  a  cmgwlwvM'AlWiviVivxsvi  dutero-exterually.  Enamel 
smooth. 
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Measurefnents. 

M. 

Depth  ramus  at  pennliim&te  molar 0. 00>^0 

Leugth  crown  of  pnnultimato  molar 0040 

ElevftiioD  crowii  of  penitltimato  molar ('025 

Width  crown  of  penultimate  molar 00;^ 

Found  OD  Black's  Fork  of  Green  Eiver.  An  ally  of  Stypolophus  and 
Triacodon, 

This  species  appears  to  belong  to  the  genus  Viverravus  of  Marsh, 
which  bears  date  July  22,  1872,  consequently  sixteen  days  earlier  than 
Miaeis^  wliich  thus  becomes  a  synonym.  The  si»ecies  is  difierent  from 
those  described  by  that  author. 

UI^GULATA. 

In  no  group  of  Mammalia  have  the  determinations  of  paleontology 
been  more  significant  than  in  the  Ungulata.  Here,  in  an  especial  manner, 
the  anticipations  of  science  have  been  realized,  in  the  filling  up  of  the 
numerous  gaps  in  the  series  of  living  forms.  Here  especially  is  it  evi- 
dent, that  the  existing  fauna  is  but  a  fragment,  and  that  the  faunae  of 
the  past,  as  we  know  them  to-day,  are  but  the  precursors  of  what  we  may 
bring  to  light  to-morrow. 

The  primary  range  of  variation  in  i\e  structure  of  the  Ungulata  has 
been  generally  admitted  by  zoologists  to  be  found  in  the  structure  of  the 
limbs  and  feet.  Three  most  prominent  types  have  been  distinguished  on 
this  basis,  viz:  the  Artlodactylu,  Perusodactyla^  and  the  Proboscidia; 
with  some  of  lesser  importance,  those  of  the  Toxodontia  and  Hyra- 
coidea,*  If  we  direct  our  attention  to  the  detailed  structure  of  the  feet, 
or  of  the  teeth,  each  division  oifers  it;S  own  range  of  variation;  witness 
in  the  Artiodaciyles  the  differences  between  the  Euminantia  and  Omni- 
vora^  and  in  Ferissodactyla,,  between  JEquus  and  Rhinoceros,  In  either 
order  canines  and  incisors  may  be  present  or  absent,  and  molars  assume 
a  great  variety  of  patterns  of  enamel  plication.  The  toes  in  the  latter 
order  may  vary  from  four  to  one.  Nevertheless,  the  most  diverse  genera 
are  bound  together  by  intermediate  forms,  often  extinct.  Connecting 
Omnicora  and  liuminantia  come  Oreodon,  Merycopofamus,  TrayuluSy  etc. 
In  PerisHi/dactyla^  Anvhitherium,  Palwosi/ops,  etc.,  connect  the  extremes. 
The  ProlK)scidians  have,  on  the  other  hand,  remaiueil  until  recently  an 
isolated  group  with  but  few  representatives,  hence  its  definition  as  an 
order  has  been  more  or  less  obscured  by  characters  of  a  special  nature, 
drawn  from  the  dentition,  trunk,  &c.,  which  it  has  been  found  necessary 
to  oniit  in  characterizing  the  two  orders  above  n'lentioned.  These  char- 
acters are  so  striking  in  their  appearance  as  to  suggest  greater  systematic 
importance  than  belongs  to  them.  Thus  the  trunk  is  not  more  imi)ortant 
as  a  character  of  the  Proboscidia^  than  it  is  of  the  Periasodactylaj  where 
the  tapir  alone  possesses  it.  Nor  are  the  complex  molars  and  large  tusks 
to  be  regarded  as  a  definition,  for  in  the  Phacocha^rus  we  have  molars  as 
compound  as  in  some  mastodons,  huge  canine  teeth,  and  no  incisors 
below;  chara<!ters  ver>^  difierent  from  niany  Artiodactyles.  Nor  can  we 
regard  the  exclusive  union  of  the  astragalus  with  the  navicular  as  a 
final  test,  for  in  Perissodacl'yles  the  facet  for  union  with  the  cuboid  may 
be  considerable  (Rhinoccrua)  to  almost  nothing,  (Equus,) 

The  occasion  for  this  discussion  is  presented  by  the  discovery  by  the 
paleontologists  of  Hay  den's  geological  surveys  of  i871-72,  of  the  remark- 
Tide  Gill,  Arraugemout  of  tho  Faiuilies  uf  Mammals,  Smithsou.  Mitic.  CQ\\.A^*'i> 
No.  230;  tho  best  aDalysis  of  the  Mammalia  yet  pubUdUed. 

36  G  s 
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able  types  Bathmodon,  UintatJieriumy  and  EoboMleits.  These  genera 
contrndict  in  several  particulars  the  cliaracters  usually  assigned  to  the 
Prohoacidia^  while  they  agree  with  them  in  others,  and  they  thus  pre- 
sent the  problem  of  chissiiication,  which  will  ever  recur  so  long  as  addi- 
tions to  our  knowledge  of  the  life  of  tJie  past  continue  to  be  mad^.  This 
problem  is  sim[)ly  the  question  as  to  what  characters  shall  be  retained 
jis  (ielinitive  of  natural  divisions,  on  the  discovery  of  intermediate 
f(f)rms.  As  our  system  is  an  expression  of  the  possession  of  structural 
characters,  our  higher  groups  or  orders  are  naturally  expressions  of  the 
existence  of  the  more  comprehensive  characters,  ov  thos<.»  present  through 
the  most  extended  series  of  species.  Hence  we  believe  them  to  be  also 
those  assumed  earliest  in  time. 

In  the  case  of  the  Vngitlata,  the  structure  of  the  feet  seems  to  define 
the  gieatest  range  of  the  species.  Thus  the  Artiodactyla  and  Pcrisso- 
(lactyla  are  digitigrade  or  unguligrade,  while  the  Proboscidia  are 
plantigrade.  The  first  order  exhibits  the  equal  development  of  the  third 
and  fourth  toes;  the  second  of  the  third  toe,  while  in  the  Proboscidia 
the  structure  is  like  the  last,  with  more  numerous  digits.  But  this 
order  differs  from  both  the  preceding  in  the  relations  of  the  ulna  and 
radius.  In  Ariiodactyla  and  Perissodactyla  the  ulna  diminishes  greatly 
distally  and  presents  but  a  small  carpal  articmlar  surface  obliquely  be- 
hind tliatof  the  much  larger  radius.  In  Proboscidia  the  ulna  expanding 
presents  the  larger  articulation  with  the  carpus,  and  the  radius  crosses  it 
obliquely,  and  presents  its  articular  face  alongside  of  the  ulnar. 

The  characters  of  the  three  orders  may  be  thus  stated : 

Proboscidia.  • 

Feet  plantigrade  but  elevated  behind  by  a  plantar  pad.  Toes  numer- 
ous, short,  the  middle  (3d)  largest.  Hind  limb  with  knee  free  from  the 
body;  tibia  without  si)ino;  astragalus  flat,  not  imKluced  anteriorly. 
Fore  limb  with  wcll-devi^lopcd  ulna  articulating  extensively  with  the 
carpus  alongside  of  the  smaller  radiUvS  which  crosses  it  obliquely. 

Perissodactyla. 

F(»et  digitigrade,  with  a  ho(*k-joint.  Toes  reduced  in  number,  the 
third  largest.  Hind  limb  with  knee  inclosed  in  integument  of  body; 
femur  with  third  trochanter;  tibia  with  vSj)ine.  Astragalus  with  pulley 
shaped  articular  face  for  tibia  and  anterior  prolongation.  Fore  limb 
with  ulna  reduced  ;  its  carj)al  surface  smaller  than  that  of  the  radius, 
which  supports  the  foot  in  front  of  the  ulna. 

Artiodactyla. 

Feet  digitigrade  or  unguligrade.  Toes  reduced,  the  third  and  fourth 
principally  and  equally  developed.  Hind  limb  with  knee  applied  to  the 
side  of  the  body,  and  elevated  hock;  femur  without  third  trochanter; 
tibia  with  large  spine.  Astragalus  with  both  inferior  and  anterior 
j)ulley-sliaped  surfaces.  Ulna  much  reduced  distally,  behind  the  radius, 
which  includes  almost  the  whole  of  the  carpal  articulation. 

This  arrangement  violates  previous  views  less  than  any  other  that 
would  lecognize  the  ])rimary  characters  of  the  Eohaailcus,  The  difficulty 
of  determining  the  limits  of  the  two  first-named  orders  is  partially 


•  These  charaotcrH  have  been  mostly  given  hy  Prof.  GiU,  1.  c. 
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cansed  by  tbe  fact  that  the  Hyracmdea  present  the  radius  of  the  Prolkoa- 
cidiaYf\i\i  the  hind  tbot  of  the  Perissodnciyla.  These  aBiinuls  are,  how- 
ever, well  regarded  as  a  distinct  order.  Whether  all  the  animals  to  be 
inclnded  in  the  Proboscidia  possessed  a  proboscis  or  not,  is  of  secondary 
importance.  It  is  nevertheless  highly  probable  that  LoxolopJiodon  and 
Eobasileus  possessed  one,  and  not  unlikely  that  such  forms  that  ap- 
proach still  nearer  tbe  tapii*s  were  not  without  an  organ  such  as  they 
I)ossess,  and  which  Cuvier  ascribed  to  the  Paloeotheria  and  other  allies. 

PROBOSCIDIA. 

One  incisor  or  canine  on  each  side ;  molars  compound,  with  postero- 
anterior  replacement;  nasal  bones  abbreviated ;  astragalus  articulating 
with  navicular  only;  no  third  trochanter UlephantUUe, 

Neither  incisors  nor  canines ;  molars  simple,  with  vertical  replacement; 
nasal  bones  shortened;  (!)  foot;  no  third  trochanter Dinotheriida*. 

No  incisors;  nasal  bones  elongate;  astragalus  articulating  with  both 
navicular  and  cuboid;  no  third  trochanter w . . Eobasiliid<e. 

Dentition  complete,  i.e.,  incisors  present;  tua^al  bones.  Astragalus 
articulating  with  both  navicular  and  cuboid;  a  rudimental  third  tro- 
chanter  Batliniodontid(e. 

These  suborders  present  a  series  ot  api>roaches  to  the  Permodactyht, 
Thus  the  EohaHilHdw  agree  with  the  tyi>ical  Proboscidia  in  addition  to 
the  above  i)oint8,  in  the  posterior  expansion  of  the  scapula,  and  its 
apical  acumination ;  in  the  very  short  cervical  vertebrge ;  in  the  Hat 
carpal  bones;  in  the  absence  of  pit  for  round  ligament  of  the  femur;  in 
the  flattened  great  trochanter,  contracted  condyle3,  and  fissure-like  in- 
tercondylar fossa  9f  the  same  bone.  In  the  longitudinal  crest  of  tbe 
tibia  separating  glenoid  articular  fao^s  which  are  on  a  transverse  line. 
In  the  short  calcaneum,  which  is  wider  than  long,  and  tubercular  on 
the  inferior  face.  In  the  live  digits;  the  acetabulum  not  separated  by  a 
peduncle  from  the  iliac  plates,  and  the  lack  of  angular  production  of 
the  latter  l)eyond  the  sacrum.  Also  in  the  three  distinguished  sacnil 
vertebrie,  as  contrasted  with  the  live  closely  co-ossitied  ones  of  the 
Hkinoccrotidw.  These  characters  are,  some  of  them,  of  subordinate 
value  only. 

The  chief  diflferences  are  seen  in  the  cranium,  though  here  also  there 
are  important  resemblances.  Thus,  the  palate  is  not  excavated  be- 
the  molars  posteriorly,  as  is  PerinHodactyla^  nor  are  the  palatine  bones 
produced  posteriorly  and  separated  from  the  maxillaries,  as  in  Artio- 
dacfyla  generally.  They  have  a  shallow  excavation  and  accompany  the 
maxillaries  posteriorly  without  interruption,  as  in  IJleplias.  In  Loxolopho- 
don  the  malar  bone  forms  the  middle  element  of  the  zygomatic  arch,  send- 
ing a  narrow  strip  only  forward  to  the  neighborhood  of  the  lachrymal. 
In  Uinta f her ittm,  according  to  Marsh,  its  extention  toward  the  side  of  the 
face  is  rather  greater,  much  as  in  some  Perissodactyla.  The  dentition  is 
not  far  lemoved  fioiu  that  of  JJinotherium,  and  the  mode  of  succession  of 
tht^  teeth  was  in  all  probability  similar.  The  premaxillariesand  nasals  are 
excavated  and  exostosed  for  the  attachment  of  a  trunk  in  Loxolophodon, 
The  lateral  and  occipital  crests  of  the  cranium,  though  difl'erent  from 
the  enlarged  sinuses  of  the  dij>loe  of  Elephants,  repr€\sent  the  external 
walls  of  this  structure,  an<l  furnish  a  hint  as  to  its  mode  of  origin,  and 
serve  to  ease  the  transition  to  Perissodactyles. 

The  differences  in  the  cranium  are  consequent  upon  its  anterior  elonga- 
tion, the  nasal  bones  and  premaxillaries  becoming  thus  much  exteivvW^\, 
The  lachrvmal  is  perforated  by  a  small  lachrymaVcaviaWw  Umtat\\eY\u\\\ 
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according  to  Marsb,  but  excavated  on  the  margin  only  in  Loxolophodon, 
It  is  neither  in  Elejphaa.  There  is  a  |K)stglenoid  process  much  more 
largely  developed  than  in  Elephantidw.  Other  diiferences  of  still  less 
iuii)ortftnce  are  to  be  seen  in  the  anterior  iK>sition  of  the  exterior  nares, 
and  the  presence  of  horns. 

The  Bathmodontidas  are  represented  by  Bathmodon.  With  a  structure 
of  the  hinderlimb  nearly  resembling  JE/o^a^iT^u^,  we  have  more  pronounced 
relationships  to  the  Perissodactyles.  The  scapula  has  the  massive 
apical  acuuiination  of  the  Elephantidce,  and  there  is  no  round  ligament 
of  the  femur  in  some  of  them.  The  astragalus  has  the  same  flattened 
form  seen  in  Uintatlierium,  and  is  even  less  like  that  of  the  Perismduc- 
itjla.  The  type  of  molars  and  the  long  compressed  canines  are  similar  to 
those  of  Loxolophodon.  On  the  other  hand,  the  cervical  vertebrae  are 
rather  longer,  and  there  is  a  rudimental  third  trochanter  of  the  femur. 

History^  &c.  I  originally  referred  the  Eohasileidat  to  the  Proboscidia, 
on  account  of  the  structure  of  the  limbs,  and  subsequently  stated  a  num- 
ber of  reasons  for  this  conclusion  at  a  meeting  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  held  January  14th,  1873,  (published  January 
lOth.)  In  the  present  paper,  numerous  contirmatory  characters  are 
added.  The  Bathmodontidw  I  have  heretofore  referred  to  the  Peri.<80- 
dactyla. 

ProfessorMarsh,  in  describing  a  species  of  this  group,  Titanotherium  (?) 
anceps^  (tluly^  1871,)  compares  it  with  perissodactyle  si>ecics,  and  in  de- 
scribing the  tibia  siiys  that  it,  "  at  its  proximal  end,  has  the  femoral  sur- 
faces contiguous,  with  no  prominent  elevation  between  them,  resembling 
iu  this  respect  some  of  the  Prohoscidia.^^  A  few  days  before  the  publi- 
cation ot  my  conclusions,  in  a  foot-note,  (July  22d,  1872,)  ho  altered  the 
name  Titanotherium  to  Mantodon,  indicating  that  he  had  reached  the 
same  opinion.  Shortly  after,  (American  Journal  of  Science  and  Arts, 
Se[)teniber  27th,)  he  altered  his  view,  constructing  a  supposed  new 
order  ''^JJinocerataj--  for  their  re(;eption. 

As  regards  the  name  of  the  order  here  defined  as  including  the  four 
fauiilii's  above  mentioned,  1  have  preferred  using  one  already  emi>loyed 
to  (joining  a  new  one.  This  is  the  better  course  also,  if,  as  is  not  unlikely, 
the  (iistinctions  on  which  it,  as  well  as  the  other  two  orders,  repose,  shall 
be  broken  down  by  new  discoveries  iu  paleontology. 

EOBASILEIDJE. 

The  genera  of  this  group  known  to  the  writer  are  four,  which  differ 
as  follows : 

J.  ]Sasal  bones  with  flat  horizontal  horn-cores  overhanging  their  apex. 

(,'ervieal  vetebrie  sbort;  malar  bone  much  reduced  in 
front , Loxolophodon. 

2.  Nasiil  bones  with  small  tuberosities. 

( 'ervieal  vertebrie  short Eohasihus. 

Cervicral  vertelnie  longer;  themalar  bone  reaching  maxil- 
lary face Llntatheriion. 

.3.  2sii.sal  bones  without  the  anterior  horn -cores. 

Cervicals(;?) Megaceraiops. 

The  above  is  the  closest  a[)proximation  to  nature  which  my  present 
material  allows.  It  is  not  at  all  unlikely  that  the  difference  in  develop- 
ment of  the  anterior  nasal  tuberosities  seen  in  Loxolophodon  cornuiHS 
and  Eobaaiiciis  prcfifiicorniH  will  turn  out  to  be  only  specific. 

The  dentition  of  Wm  group  rec^uires  special  notice.    Judging  from  the 


I,  S,  i^caleQittd^^afDsv  if-tirc  S^t  tritarire. 
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relative  sizes  of  the  teeth,  I  have  written  the  molar  series  of  Laxolopho- 
don  4 — 2,  but  jadginp:  from  the  forms  of  the  crowns,  it  should  be  1 — o. 
However  this  should  be,  I  have  no  doubt  that  as  in  other  ProhosciHia  the 
premolar  and  not  the  mohir  series  is  deficient,  and  that  there  are  three 
or  four  true  molars  at  legist.  In  a  mandible  found  alone,  whijsh  agrees  in 
size  with  some  species  of  Uintatherium^  six  molars  are  preserved.  Of 
these  the  posterior  two  display  three  sub-transverse  crests,  of  which  the 
anterior  two  form  a  chevron  with  open  apex  directed  to  the  inside.  An- 
terior to  the  front  cre*»t  is  a  cingular  tubercle.  The  symphyseal  part  of 
the  jaw  is  remarkable:  it  is  co-ossified,  exceedingly  compressed,  and 
curved  upwards  so  as  to  resemble  slightly  the  narrow  prow  of  a  South 
Sea  boat.  There  are  two  teeth  on  each  side,  which  are  separated  fiom 
the  molars  by  a  diastema.  They  are  much  compressed  and  curved  up- 
wards and  forwards,  and'the  anterior  pair  issue  from  the  jaw  in  contact. 
The  crowns  are  lost  in  the  specimen.  The  determination  of  these  teeth 
is  fsicilitated  by  the  presence  of  the  mental  foramen  below  the  posterior 
one.  This  foramen  issues,  as  is  well  known,  posterior  to  the  canines  in 
all  Mammalia^  and  either  below  x)remolars  or  the  diastema.  The  two 
teeth  in  our  fossil  will  then  be  premolar  and  canine  respectively,  and  the 
incisors  must  be  regarded  as  wanting.  This  is  in  <*onformity  with  the 
structure  of  the  upper  jaw,  ayd  is  rendered  probable  by  the  great  reduc- 
tion of  the  symphysis  of  the  lower  jaw  in  the  species.  It  is  also  suggested 
by  the  almost  universiil  tendency  to  reduction  of  the  incisors  seen  in  the 
mammals  of  the  same  extinct  fauna.  In  Baihmodonnwd  Falceosyops  the 
canines  are  thrown  into  the  incisor  series  as  in  liuminantm,  and  in  Palw- 
oityops  the  outer  incisors  are  much  reduced.  In  several  genera  there  are 
but  two  incisors.  Finally,  in  Synoplotherium  the  large  inferior  teeth  de- 
scribed by  myself  as  incisors,  and  which  resemble  the  cutters  of  Bodentia^ 
are  immediately  in  front  of  the  mental  foramen,  and  bear  the  same  rela- 
tion to  it  and  to  the  premolar  teeth,  a«  do  the  canines  o(  PaUcosyops  smd 
other  Mammalia.  Hence  I  believe  these  to  be  canines,  and  that  the  in- 
ferior incisors  are  wanting  in  my  specimen.  The  probability  of  the 
truth  of  this  determination  is  increased  by  the  presence  of  a  small  inter- 
val between  them,  and  by  the  fact  that  they  oppose  the  canines  of  the 
upper  jaw. 

LOXOLOPHODON,  Cope. 

Proceedings  American  Philosophical  Society,  1872,  p.  580,  extra  copies  publiBbcd 
August  19;  and  p.  48d,  (August  22.)  Tinoceras,  Marsh,  American  Journal  of  »Sci- 
euce  and  Arts,  1872,  (October.)    Published  (described)  September  21. 

The  cranium  in  this  genus  is  very  elongated  and  compressed.  The 
muzzle  is  posteriorly  roofsha[»ed,  but  is  anteriorly  concave,  and  flattened 
out  into  a  bilobed  shovel,  which  rises  above  the  extremity  of  the  bone. 
Tliis  extremity  is  subconic,  and  short  and  decurved.  A  second  pair  of 
horn -cores  stands  above  the  orbits ;  each  one  composed  externally  of  the 
maxillary  bone,  and  internally  of  an  upward  extension  of  the  posterior 
l)art  ot  the  nasal.  Behind  this  horn  the  superior  margin  of  the  temporal 
fossa  sinks,  but  rises  again  at  its  posterior  portiou,  probably  above  the 
level  of  the  middle  of  tlie  parietal  bones.  This  portion  of  the  skull  is 
injured  in  my  only  specimen.  The  occipital  rises  in  a  wall  upward  from 
the  foramen  magnnm,  and  supports,  probably,  a  little  in  front  of  the  junc- 
tion with  the  superior  and  inferior  ridges  bounding  the  temf)oral  fossa,  a 
third  horn-core  on  each  side.  The  base  of  this  core  is  as  stout  as  that 
above  the  orbit,  and  subcylindric  in  section.    The  tewv^tvxV  \^ci«eisv\i"S5cSk\V^ 
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principal  extent  posterior  to  the  zygomatic  arch,  and  is  in  form  like  a 
trough,  the  inferior  edge  being  recurved  from  the  squamosal  process  to 
the  summit  of  the  occipital  crest.  It  is  narrow  ^vithin  the  zygomatic 
arch,  which  is  short,  inclosing  a  space  whose  length  is  less  than  one- 
fourth  that  of  the  cranium. 

The  occipital  bone  extends  but  a  short  distance  on  cich  side  of  the 
condyles,  and  is  separated  from  the  mastoid  by  an  irregular  suture, 
which  is  pierced  by  a  large  mastoid  foramen.  On  the  inferior  face,  near 
to  each  condyle,  and  one-third  the  distance  from  it^  inner  extremity,  is  a 
posterior  condyloid  foramen,  isolated  by  a  narrow  bar  from  the  extremity 
of  the  foramen  lacerum  posteriua.  The  paranuistoid  i>rocess  is  repre- 
sented by  a  small  tuberosity,  and  the  mastoid  by  a  rather  larger  one, 
some  distance  anterior  to  it. 

The  meatus  auditorius  opens  upwards  just  below  the  external  ridge  of 
the  temporal  fossa,  and  at  a  little  distance  behind  the  post-glenoid  pro- 
cess. Its  canal  contracts  rapidly,  and  extends  upwards  and  backwards 
towards  the  labyrinth.  It  is  separated  from  the  foramen  lacerum  by  but 
a  thin  wall,  and  if  there  was  an  expansion  of  the  cavum  tympanic  it  must 
have  been  exceedingly  small,  owing  to  the  close  approximation  of  the 
mastoid  to  the  basi-occipital  and  sphenoid  at  this  point.  The  labyrinth 
is  lodged  in  a  petrous  mass  opposite  the  occixnto-mastoid  suture,  and  the 
canals  are  small. 

The  boMoccipitul  contracts  anteriorly,  and  with  the  sphenoid  forms  an 
uninterrupted  bouuds^ry  oH  the  foramen  laco'um.  This  terminates  oppo- 
site to  the  posterior  boundary  of  the  external  meatus,  and  gives  rise  to  a 
wide,  shallow  groove,  which  extends  anteriorly  between  the  pterygoid 
ala  and  the  post-glcnoid  process,  and  turning  outwards  round  the  latter, 
grooves  it.  Opposite  to  the  post-glenoid  process,  and  just  posterior  to  the 
end  of  the  pterygoid,  a  small  foramen  enters,  which  is  probably  the /brcr- 
men  ovale.  Almost  continuous  with  it  is  a  canal  which  pierces  the  base 
of  the  pter3.ij^oid  longitudinally,  and  issues  in  an  excavation  of  its  exter- 
nal face  near  the  sphenoid. 

The  pterygoids  are  remarkable  for  their  great  length,  inclosing,  as  they 
do,  with  the  palatine  process,  a  deep,  narrow,  trencli-likei'ossa,  which 
measures  almost  the  entire  length  of  the  zygomatic  fossa.  Processes  of 
the  sphenoid  contribute  to  these  walls,  (which  are  thus  double.)  and  the 
S|)lienoid  roof  is  strongly  concave.  The  alisphenoid  is  elongate  antero- 
pusteriorly,  and  is  [)rincipally  in  contact  superiorly  with  the  frontal ;  au- 
teriorlv  it  has  a  short  suture  with  the  lachrymal.  Almost  its  entire  lenijth 
is  traversed  by  a  shallow  groove  which  terminates  in  a  small  foramen 
opikum^  opi)Osite  to  a  point  marking  the  posterior  third  of  the  zygomatic 
fossa,  The  foramen  rotundum  issues  as  usual  between  the  alisphenoid 
and  the  pterygoid,  but  is  considerably  anterior  as  well  as  inferior  to  the 
/'.  opticum,     1  cannot  determine  whether  the  orbitosi)heiioid  is  distinct. 

The  lachrymal  is  a  large  bone,  of  a  triangular  outline,  the  shorter 
side  being  inferior.  It  is  entirely  on  the  inner  face  of  the  orbit,  and, 
as  in  the  elephant,  separates  the  frontal  and  maxillary  by  its  superior 
))rolongation.  Its  interior  border  is  slightly  notched  in  front  by  the 
hxY'^e  foramen  infraorbitale  poateriiis^  mnl  the  anterior  is  deeply  emar- 
ginate,  passing  behind  the  small  /.  lachrymale. 

Tlie  palate  is  remarkable  for  its  length  and  narrowness.  Its  roof  is 
chielly  composed  ot  the  niaxillaries,  but  a  very  short  i)ortion  is  formed  l)y 
the  palatine  ])lates  of  the  o.  o.  palaiina.  These  are  [)roduced  into  a 
nuMlian  i)oint  behind,  between  the  nares,  and  exteriorly  form  the  inner 
wail  of  the  i)Ostnareal  trough  for  a  considerable  distance.  The  closely 
iiiiiteii  maxillaricH  f(>rm  tUvi  outer  wall  for  a  short  distance,  being  pro- 
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diiced  in  a  contracted  form  behind  the  ipolar  teeth.  The  two  bones  in- 
close a  small  foramen  in  this  prolongation,  and  a  larger  one  on  the  ante- 
I'ior  suture  of  the  palatine,  the  foramen  palatinum.  The  posferior 
iiares  are  not  excavated  anterior  to  tlie  line  of  the  posterior  border  of 
the  last  molars.  The  palate  is  deeply  concave  anteriorly.  There  is 
an  elongate  fommen  close  to  the  alveolus  of  the  first  premolar,  ex- 
tending anterior  to  it.  The  premaxillaries  are  longitudinal  and  sej)- 
arated  anteriorly  for  two-fifths  of  their  length,  by  a  large  foramen 
invmvum^  which  they  do  not  inclose.  They  extend  on  the  side  of  the 
muzzle  into  an  acute  angle  upwards  and  backwards,  and  are  prolonged 
forwards  above  the  exterior  nares,  which  the  suture  reaches  by  an 
abrupt  descent.  The  maxillary  supports  the  malar  on  a  posteriorly  di- 
rected i)roces«  which  reaches  to  the  end  of  the  anterior  third  of  the  arch 
below,  half  that  distance  on  the  side,  and  is  bordered  by  a  narrow  stri[) 
of  the  malar  on  the  inner  side,  as  far  as  the  anterior  boundary  of  the 
orbit.  The  premaxillaries  do  not  inclose  the  very  large/orawc/*  incisivum 
in  front,  and  are  therefore  deeply  furcate. 

The  dentition  is  I.  0;  C,  1 ;  P.  M.  4;  M.  2.  The  canine  is  a  tusk  of 
compressed  form,  with  anterior  and  posterior  cutting 'edges*,  and  a 
strong  posterior  curvature.  Its  fang  is  embraced  one-third  by  the  pre- 
maxillary  bone,  and  is  inclosed  in  a  rib-like  swelling  of  the  sides  of  the 
cranium,  which  extends  upward  and  baekward.  The  premolars  are  well 
worn,  and  have  transverse  cordate  surfaces  of  attrition.  These  have . 
probably  resulted  from  the  wearing  down  of  a  chevron  of  two  crests 
converging  inwards,  in  some  with  an  inner  tul>ercle.  On  the  molars  this 
crescent  is  represented  by  a  V,  with  the  apex  inwards;  on  the  last,  the 
inner  tubercle  is  at  one  side  (the  posterior)  of  the  apex. 

Name, — I  first  applied  the  name  Loxolopkodon  to  this  genus  in  a  short* 
paper  publisheil  August  19,  1872,  as  above  cited,  with  a  diagnostic  de- 
scription ;  the  L.  cornutuH  was  there  cited  as  the  first  species,  and  is 
here  retained  as  the  type.  I  again  described  it  more  fully  in  a  paper 
published  August  22d,  citing  EohasUens  (August  20th)  as  a  synonym; 
perhaps  incorrectly,  as  indicated  by  the  ])resent  paper.  The  same  no- 
menclature was  employed  in  a  paper  read  before  the  American  Associa- 
tion for  the  Advancemei^t  of  Science,  held  at  Dubuque,  commencing 
August  23,  1872. 

In  the  paper  of  August  22d,  I  regarded  this  genus  as  identical  with 
that  to  which  I  had  previously  (February  IG,  1872)  appliexl  the  name 
Loxolophodonj  and  included  in  it  the  species  there  called  Bathmodon 
{Loxolophodon)  Hemicinctus^  Cope.  With  further  material  this  appears 
not  to  be  correct;  the  Bathmodon  semicinctus  belongs  truly  to  that 
genus,  and  is  very  near  to  the  B,  radians^  so  that  the  name  Loxolopho- 
don becomes  a  synonym  in  this  connection,  and  uray  be  used  again  for 
the  ])re8ent  genus  without  interference.  It  was,  moreover,  not  de- 
scribed at  the  former  date,  and  had  no  proper  claim  to  recognition. 

Professor  Marsh,  in  the  American  Journal  of  Science  and  Arts,  1872, 
(September  21,)*  applied  the  name  Tinoeeras  to  a  species  {T.  grandis) 
of  this  genus,  and  gave  a  descrifition,  in  which  some  of  the  generic 
cfharaeters  may  have  been  mentioned.  He  had  previously  api)lied 
it  without  description  to  the  Titanotherium  t  ancepa,  August  24lh, 
(and  lOthjt  in  an  erratum,  where  Mastodon  anceps  is  altered  into  lino- 
eera.H  anceps.)  As  no  characters  whatever  were  assigned  to  it  on  either 
of  these  occasions,  it  had  no  value  in  zoological  nomenclature. 

*  I  did  uot  receive  this,  and  most  of  the  other  pai>er8  of  Professor  Marek  <^\\  \K\^ 
fauna,  till  early  in  December,  1872. 
t  These  papers  were  uot  received  by  me  till  early  iu  Dtic^mVict^l^Ti. 
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LoxoLOPHODON  cor:!^utus,  Cope. 

Lorolophadon  car  nut  us.  Cope,  ProceediDgs  American  Philosophical  Society,  18T2,  p.  580, 
(August  19:)  he.  ciL,  ltf7*2,  p.  4>^y,  (Augnst  *2*2.)  The  short-footed  Unj^ulata  of  the 
Eocene  of  Wyoming,  p.  c<,  (April  14,  1873.)  Eobasileuft  cornuiHSy  Cope,  American  Nat- 
urulist,  1872,  p.  774.  Tltioctras  grandin^  Marsh,  American  Journal  of  Science  and 
Art8,  October,  1872,  (published  September  21,)  fide  Marsh. 

Established  on  the  remaius  of  a  single  individual,  which  consist  of  a 
nearly  perfect  cranium,  the  right  scapula  complete,  several  vertebne, 
including  the  sacral,  the  first  or  second  rib,  the  pelvis  complete,  and  the 
entire  right  femur;  also  probably  the  proximal  end  of  a  radius. 

The  >*pecies  is  i^emarkable  for  the  narrow  form  of  the  cranium^  its 
width  at  the  middle  being  one-fourth  its  length.  A  little  in  front  of  the 
middle  are  situated  the  horn-cores.  These  diverge,  the  upi>er  portion 
having  an  outward  curvature.  The  base  of  each  is  triangular  with 
obtuse  angles,  in  section,  and  the  inner  angle  is  the  section  of  a  rib-like 
projection  which  extends  across  the  front  to  its  fellow  and  rises  half 
way  up  the  horn-core.  Above  its  rather  abrupt  termination  the  core 
is  transverselycompressed,  with  oval  obtuse  apex.  The  core  measures 
M.  .240  (9.5  inches)  from  its  base  in  front,  M.  .108  (4,25  inches)  in  width 
at  the  base  behind,  and  .077  (3  inches)  in  diameter  at  the  ai)ex.  A  slight 
swelling  of  the  sides  of  the  muzzle  descends  obliquely  forward  from  the 
.base  of  each  horn,  which  enlarges  below  into  a  prominent  rib,  which 
incloses  the  alveolus  of  the  canine  tusk.  In  front  of  the  horns  the  muz- 
zle is  roof  like;  anteriorly  it  flattens  out,  and  swells  a  little  above  the 
l)osterior  end  of  the  nasal  meatus.  In  Iront  of  this  it  expands  again, 
and  rises  gently  to  the  extremity  of  the  bilobed  nasal  shovel,  which 
overhangs  the  premaxillaries,  the  nasal  meatus,  and  the  gi*eater  part  of 
the  apex  of  the  nasal  bones.  The  latter  is  short  and  with  a  wide  base, 
and  resembles  two  lateral  cones  flattened  together,  their  extremities 
oblicjuely  truncate  outward  and  excavated.  The  com[)ositiou  of  the 
upper  surface  of  the  cranium  is  somewhat  difficult  to  determine,  owing 
to  the  injured  state  of  the  i)osterior  part.  If  we  regard  the  bone  which 
bounds  the  lachrymal  behind  and  above,  as  frontal,  as  I  did  in  originally 
describing  the  s[»ecies,  it  gives  an  extraordiijary  extent  to  the  niisals, 
for  the  common  suture  of  these  bones  extends  V-shaped  backward,  to  a 
point  opposite  to  the  middle  of  the  zygomatic  arches.  It  gives  to  the 
nasals  an  extent  ecpial  to  that  of  the  frontals  and  parietals  cmnbined. 
They  not  only  su[)port  the  anterior  lobes,  but  form  the  inner  half  of 
the  median  horn  cores,  rising  as  high  as  the  tuberosity  above  described. 
To  regard  these  bones  as  frontals  would  involve  the  improbable  i)ecu- 
liarity  of  their  extending  beyond  the  nareal  orilices,  and  the  terminal 
cone  of  the  nasals  is  not  separated  from  them  by  suture, but  by  a  gioove 
only.  The  question  is  decided  in  favor  of  their  being  na.*^aKs,  by  those 
bones  as  ])reserved  in  Eohasileus  prcssicorniSj  Cope,  where  the  lobe  is 
represented  by  a  tubercle  only  on  the  side  of  a  continuous  nasal.  The 
immense  length  of  the  snout  in  Loxolophodon  looks  as  though  the  niisal 
bones  had  extended  themselves  forward,  so  as  to  ossily  the  basal  por- 
tions of  an  elei)hantine  proboscis. 

The  Irontals  des<!end  behind  the  horns,  with  a  ver^*  obtuse  or  rounded 
contimiation,  to  the  inner  side  of  the  fossa,  and  without  any  superciliary 
margui.  They  form  with  the  posterior  part  of  the  nasals  a  shallow  me- 
dian basin.  The  suture  with  the  parietals  is  very  indistinct,  but  if  I 
have  truly  discovered  it,  it  forms  another  posteriorly  directed  chevron, 
and  leaves  but  a  narrow  superciliary  portion  of  the  frontals.    Above  the 
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postgleiioid  processes  tbe  parietals  rise  agaiu  to  the  transverse  occipital 
crest,  but  to  what  height  is  uncertain.  At  the  mastoid  region,  the  cra- 
nium widens  a  little,  and  is  excavated  at  the  sides  by  the  temporal  foss^. 
Near  where  the  lateral  and  posterior  crests  join  the  inferior  ridge-like 
border  of  the  temporal  fossa,  in  front  of  a  position  occupied  by  a  knob 
in  E.  pressicomia^  is  a  strong  homcore  with  sub-cylindric  base.  It 
stands  obliquely  backwards  towards  thejunction  of  the  inferior  squamo- 
sal and  transverse  crests,  and  is  connected  to  these  by  an  oblique  ridge, 
one  side  of  which  is  marked  with  irregalar,  short,  longitudinal  rugosities. 
At  the  base  of  these  elevations  are  three  sinuses.  This  portion  wa^ 
found  close  to  the  skull,  but  separated  from  it,  and  the  precise  mode  of 
its  attachment  has  not  been  discovered  by  actual  lit. 

The  occiput  rises  upwards  for  four  inches  above  the  condyles;  perhaps 
it  displayed  a  posteriorly  sloping  transverse  crest  as  in  j67.  pressicornis. 
The  psiramastoid  and  mastoid  tuberosities  are  narrowed  and  extend  ob- 
liquely downwards  and  forwards.  The  lower  part  of  the  exoccipital 
suture  runs  along  a  ridge,  and  there  is  a  tuberosity  in  front  of  the  mas- 
toid foramen.  An  irregular  A-shaped  crest  extends  upwards  with  the 
apex  at  the  inferior  temporal  crest,  and  its  anterior  limb  forming  part  of 
the  posterior  boundary  of  the  meatus  auditorkui.  The  inferior  temporal 
crest  is  directed  outwards  below,  but  forwards  above. 

The  narrowness  of  the  cranium  is  readily  seen  on  comparing  the  post- 
glenoid  processes.  These  are  not  deep,  but  have  considerable  trans- 
verse extent,  and  are  se[)arated  by  a  space  only  a  little  greater  than  the 
transverse  diameter  of  each.  The  zygomatic  arches  are  compresse<l 
posteriorly,  with  crest  like  superiot  ridge,  but  rounded  above  anteriorly. 
There  is  not  the  least  trace  of  posterior  boundary  of  the  orbit.  The 
s<iuamosal  process  overlaps  the  malar  bone  extensively,  terminating  iu 
a  point,  the  latter  ending  obtusely.  The  malar  is  supported  in  front  by 
a  maxillary  process,  which  is  united  with  it  by  a  zigzag  suture  on  the 
outer  face  and  a  squamosal  one  within  and  below.  The  foramen  infra- 
orbitale  exterius  is  large,  and  issues  a  short  distance  in  front  of  the  orbit, 
not  so  near  it  as  in  the  elephants.  From  this  point  to  the  ridge  inclos- 
ing the  canine  alveolus  the  side  of  the  maxillary  bone  is  deeply  concave, 
and  the  i)alatal  surlace  correspondingly  contracted.  The  bone  iscon- 
tinuod  upwards  and  outwards  as  the  external  part  and  apex  of  the  mid- 
dle horn-cores.  Anteriorly  it  is  bounded  by  the  premaxillary  to  a  point 
as  far  anterior  to  the  base  of  the  horn  as  the  width  of  the  latter;  behind 
that  point  it  is  in  contiv^t  with  the  nasals.  The  premaxillary  is  prolonged 
upwards  and  backwards  into  a  narrow  tongue.  Its  inferior  portion  is 
convex  above  on  each  side,  concave  below,  with  projecting  alveolar  bor- 
ders, which  are  Hat  and  slightly  concave  fore  and  aft.  The  extremity 
of  ea<*h  is  rugose  below,  supports  a  prominent  tubercle  medially  and  a 
smaller  one  at  the  superior  angle. 

The  exterior  nares  are  not  separated  by  osseous  septum.  Their  lateral 
borders  are  marked  on  the  inferior  surface  of  the  nasal  and  premaxillary 
roof  by  a  curved  ridge  or  crest,  which  converge  forwards  and  bound  the 
interior  concavity  of  the  roof.  This  gave  support  to  muscular  or  ligti^ 
mentous  attachments.  The  posterior  angle  of  the  nares  is  abruptly  ex- 
cavated with  thickened  walls.  The  palate  is  remarkably  narrow,  and 
is  most  deeply  excavated  between  the  alveoli  of  the  tusks,  or  at  the 
maxillo-preniaxillary  suture.  From  near  this  point  to  the  palatine 
suture  a  low  .but  sharp  crest  extends  along  the  middle  line.  The  wj^dth 
of  the  palate  at  the  diastema  is  one-ninth  of  its  length.  The  diastema 
is  more  than  half  the  length  of  the  molar  series.  The  vte\!>'^c>v\  \v\^'^'^'^ 
of  the  palatine  bones  has  two  convergent  grooves  o\i  '\X.\3>  *\\i\M\\^\  ^wxl-fiA^^* 
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The  teeth  are  remarkable  for  the  extent  of  the  exposure  of  their  slender 
roots,  as  well  as  their  very  small  size  as  compared  with  the  size  of  the 
animal.  The  tusk  is  slightly  turned  outwards  at  the  tip  and  the  inner 
face  is  worn  by  attrition  with  some  opposing  tooth  for  one- third  its  length 
on  the  posterior  third.  The  superior  margin  of  the  enamel  on  this  side 
is  cht^vron-shaped,  the  *d\yex  being  only  one-third  the  length  from  the 
extremity.  It  extends  further  upwards  in  front  and  on  the  outer  side, 
bat  is  w^orn  in  an  oval  pat^h  at  the  apex  of  the  chevron  of  this  side  by 
contact  with  thi^  inferior  teeth,  as  above  descrilwd.  The  enamel  is  smooth 
behind,  rugose  in  front.  The  apex  contracts  regularly  to  a  flattened 
obtuse  i>oint.  The  fang  is  hollow  for  about  half  its  length.  The  enamel 
of  the  molars  is  nearly  smooth.  Each  one  has  a  strong  cingulum  fore 
and  aft,  which  is  discontinued  on  the  inner  and  outer  faces  except  in  P. 
M.  1,  and  M.  2.  In  the  former,  it  is  continued  on  the  outer  side  at  the  base 
of  the  concavity  of  the  exterior  face ;  on  the  latter,  it  is  continued 
round  the  inner  side.  The  grinding  surface  of  the  P.  M.  1  is  tripodal, 
and  probably  composed  of  a  worn  crescent  and  inner  tubercle.  The 
others  are  transverse  arrow-shaped  ;  the  P.  M.  4  is  much  more  worn  than 
the  others.  M.  2  is  larger  than  M.  1.  Its  oblique  crests  have  evidently 
been  worn  from  before.  All  the  molars  have  three  roots',  but  the  poste- 
rior pair  are  united  for  part  of  their  length  in  all. 

The  vomer  does  not  unite  with  the  sui>erior  crest  of  the  palatine  bones. 
The  sphenoid  flattens  out  behind  the  postnareal  trough  and  isco-ossifled 
w  ith  the  basioccipital.  The  latter  is  marked  by  two  oval  surfaces  at  the 
place  of  suture,  with  a  slight  prominence  between.  No  lower  jaw  was 
found  with  this  specimen,  but  from  the  contraction  of  the  parts  opposed 
to  it,  it  was  evidently  very  small. 

Cranial  measurements. 

M. 

L(Mi^th  from  end  nasals  to  end  occipital  condyle,  (3  feet  1.5  inches) 0.930 

AVidih  jii.st  lu'liind  end  nasal  shovels 11>2 

AVidth  ill  front  of  horns , i:W 

Width  at  hase  of  horns  in  front *J<C» 

Width  hehind  horiiH  at  apex  of  frontal  suture 1^.'> 

Width  al)ove  posterior  ed<j;e  nwatus  amUtorius 31(» 

Widtii  between  apices  horn-cores 'Mo 

Wi<lth  bayiis  snpraoccipital  horn-core loO 

Width  inclndinjir  zy;^oniatic  arches,  (j^reatcst) 3-iU 

Len«;th  of  nasal  hones  to  ridge  between  horn-cores MO 

Len^t li  of  nasal  bones  to  frontal  suture 54t) 

Len^tii  of  zy«;()inatie  fossa- above 230 

Len«ith  from  an;;ie  nares  to  end  shovel 205 

Leiijjth  from  an^^le  nares  to  end  premaxillary ir>r> 

Lcn;;th  from  end  premaxillary  to  basis  of  canine 120 

Len«ith  fiom  end  premaxillary  to  basis  of  1*.  M.  1 27r» 

licnRtli  of  molar  series l-",') 

Len;Xth  of  palate V.O 

Lenjith  of  pterv'^o- palatine  crest 2tK) 

Lenj^th  of  s;)henoid  axis 1,^5 

l-.i'ii;;th  of  basioccipital,  (witii  condyles) VJ'i 

Wi<lth  between  tips  prcmaxiilaries 070 

Width  at  canine  alveoli is,') 

Width  between  canine  alveoli 0^0 

A\idlh  at  diast»;ma 0.")0 

Vv'idfh  betwt.'en  last  molars U70 

Width  between  i)terygo-palatiue  crests 0i>5 

Width  of  post-«;lenoid  i)roeess -  .095 

Width  between  post-gienoid  processes Oi'5 

Width  basioccipital  at  front 073 

Widtli  basioccipital  at  condyles 200 

^yUlth  of  space  for  tympanic  chamber 034 

Length  tusk  ou  curve,  (1*2.7  mc\iea) 320 


• 
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M. 

Diameter  at  middle  do.  (aiit«ro-posterior) OoO 

Diameter  at  base  do.  (autero-po«terior) 063 

Diameter  at  middle  do.  (trausvereo) 030 

Diameter  crowM  P.M.I  transverse 022 

Diameter  crown  P.  M.  autero-posterior 0*24 

Diameter  crown  M.  1  antero-posterior 035 

Diameter  crown  M.  1  transverse 034 

Diameter  crown  M.  2  transverse 043 

Diameter  crown  M.  2  antero-posterior 045 

Elevation  of  shovel  above  base  of  apex  of  nasal OGO 

The  measurements  may  require  some  correction  in  respect  to  the 
supraorbital  width,  where  the  cranial  walls  have  sultered  from  compres- 
sion. The  frontal  of  one  side  has  been  pushed  so  as  to  overlap  that  of 
the  other  by  about  an  inch. 

The  scapula  is  of  a  sub-triangular  form,  the  front  being  vertical,  the 
apex  directed  backwards  and  an  angle  upwards.  The  posterior  expan- 
sion is  considerable,  as  in  the  elephants,  while  the  superior  angle  is 
acuminate  and  much  produced  and  massive.  The  spine  is  much  elevated, 
bounding  a  deep  supraspinous  fossa.  It  is  truncate  in  front,  descending 
to  near  the  border  of  the  glenoid  cavity.  Its  extremity  is  dilated  in 
alate  fashion,  equally  fore  and  aft,  and  not  posteriorly  only  as  in  the 
elephants.  The  glenoid  cavity  is  flattened  so  as  to  bo  longitudinal,  and 
the  coracoid  is  a  rudimental  tuberosity. 

Measurements  of  scapula, 

M. 

Total  lenrrth,  (25.25  inches) 0.040 

Total  width 4*^0 

Length  apex,  from  spine 140 

Elevation  of  spine  proximally 125 

Length  of  glenoid  cavity 185 

Width  of  glenoid  cavity 110 

The  interior  side  of  the  scapula  is  strongly  convex  by  the  develop- 
ment of  two  longitudintil  ribs,  one  corresponding  to  each  fossa,  but  con- 
cave in  longitudinal  section. 

The  proximal  end  of  the  radius  exhibits  two  facets  oblique  to  each 
other,  the  larger  concave  and  transverse,  the  other  oblique  downwards. 
Transverse  width  M.  0.130 ;  vertical  .070.  The  extremity  of  a  humerus 
not  found  with  this  individual,  to  which  the  radius  applies  pretty  well, 
has  a  very  oblique  trochlear  face,  and  measures  seven  inches  across  the 
condyles.     It,  however,  belongs  to  a  smaller  species. 

The  femur  is  entire.  Like  that  of  other  species  of  the  group  it  is 
much  expanded  proximally  and  deep  distally,  with  the  shaft  contracted 
and  somewhat  flattened  in  the  plane  of  the  great  trochanter.  The  lat- 
ter is  in  one  plane,  with  its  external  margin  turned  a  little  backwards. 
The  head  is  part  of  a  globe,  and  is  a  little  more  elevated  than  the  tro- 
chanter, and  separated  from  its  apex  by  a  shallow  concavity.  There  is 
no  little  trochanter.  The  trochlear  face  is  not  elevated  nor  wide,  and 
with  lateral  borders  subequally  developed.  The  antero  posterior  axis 
of  the  condyles  is  somewhat  oblique  to  a  line  at  right  angles  to  the 
proximal  end.  On  this  account  the  interior  condyle  is  the  longer;  its 
articular  face  is  continuous  with  the  trochlear,  with  a  marginal  notch ; 
the  outer  condyle  is  continuous,  with  continuous  outer  margin.  Strong 
ridges  revolve  from  above  the  condyles  to  the  posterior  face  of  the  shaft, 
the  inner  near  the  condyle.  The  outer  runs  parallel  to  t^^Tcvsvvci^^v^iy.'^ 
a  low  external  ala,  and  backwards  three  iuc\ieEa\>o\^\Xiee.wvCc^\^.  "^Wi^ 
face  between  the  ridges  is  concave. 


k  ^ 
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Measurements  of  feniur, 

M. 

Total  Icngtli,  (31.75  inches) 0.747 

Total  i»roxinial  wiiith :^r»5 

1  Maiiu'ter  of  ball IIJG 

Traiiftverse  diauicter  at  middle  of  shaft 01H5 

Antero-posferior  diameter  at  middle  of  sliaft 074 

Antero- posterior  d  iameter  condyles  iwsteriorly 150 

Transverse  diameter  condyles  posteriorly ICO 

Transverse  diameter  condyles  distally 143 

The  pelvis  has  a  large  transverse  expansion.  The  iliac  plates  are  ovoid 
in  outline,  with  the  apex  outwards  and  downwards.  The  margins  are 
rather  thin  excepting  the  internal  above  the  acetabulum.  These  are 
massive,  and  with  a  longitudinal  excavation.  They  terminjite  in  a  deep 
oblique  excavation  for  the  diapophyses  of  the  sacrum.  Tlie  inferior 
margin  rises  compressed  from  just  above  the  acetabulum.  The  latter  is 
large  for  the  size  of  tbe  ilia,  and  its  margins  rise  to  a  slight  elevation 
beneath  the  exterior  margins  of  the  latter.  The  incisura  acetabuli  is  ob- 
clavate,  and  nearly  symmetrical.  The  os  wvMum  is  compressed  aiKl 
deeper  than  the  pubis.  It  possesses  a  tuberosity  on  the  posterior  in- 
ferior margin.  The  obturator  foramen  is  small,  and  is  a  vertical  oval. 
The  imbis  is  rather  slender  and  short.  Its  section  at  base  is  subtriau- 
gular;  beyond,  it  becomes  more  compressed,  and  is  spirally  twistjcd  on 
itself  through  a  part  of  a  circle.  Its  anterior  margin  near  the  symi)hy- 
sis,  is  strongly  rugose  for  the  origiiT  of  the  pectineus  muscle ;  the  rugosity 
extends  into  a  baud  on  the  outside  of  its  proximal  portion. 

Measurements  of  i)elvis. 

Long  diamot(?r  of  ilium 0.  (iOo 

Transvers(j  diameter  at  acetahnlnm 4!»0 

Len;Xth  inferior  freo  margin  do *2r>U 

Long  diameter  aceta])ulniii  ITjO 

Shorter  diameter  acetaluilum IIIO 

Shorter  dianu'ter  obturator  foramen 070 

Width  ischium  to  tuberosity 140 

Leiigtli  ischium  at  tuberosity 11  n 

Diameter  pubis  at  obturatiu*  foramen Or»*2 

Expanse  of  ilia  laid  on  a  Hat  surface  and  with  hacrum  in  jilace,  (4.'2  feet) 1.  i2>^0 

The  general  character  of  the  pelvis  is  more  like  that  of  the  elephant 
than  that  of  any  Perissodactyle.  It  agrees  with  the  former  and  diflers 
from  that  of  the  rhinocerus  in  the  shortness  of  the  pedestals  of  the  ilias 
or  rather  in  the  sessile  position  of  the  latter  on  the  aeetabuhi ;  also  in 
the  absence  of  production  of  the  iliac  crests  in  advance  of  and  above 
the  sacniin.  It  is  also  elephantine  in  the  shortness  of  the  inferior  ele- 
ments of  the  pelvis. 

Of  vertthrWj  there  are  preserved  a  dorsitl,  two  lumbar,  and  some 
sacral.  The  first  is  very  short  and  transverse.  It  is  so  injured  thai  T  can 
only  give  measurements.  The  base  of  the  transverse  nenrapophysis  is 
a  flat  oval ;  both  capitular  articular  surfaces  are  deep.  The  anterior 
lumbar  is  longer,  but  still  short;  its  articular  faces  are  slightly  concave. 
Tlie  neural  arch  is  wide,  and  supports  the  diapophyses.  The  sides  of 
the  centruin  are  con(!ave  and  pierced  by  foramina,  and  there  is  a  strong 
rugose  hyi)apophyseal  keel.  The  section  at  the  middle  is  subtriangular. 
1  have  thiee  sacral  vertebrie  which  are  separated  by  very  distinct  sutures. 
Tiiey  diminish  very  rapidly  in  size,  and  the  centra  l)ecoine  llattened 
raiisvcise.     It  is  doubUul  whether   there  was  a  fourth  vertebra,  and 
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the  tail  must  have  been  short  and  slender.  The  articular  face  of  the 
first  is  a  transverse,  rather  broad  ellipse,  and  twice  the  diameter  of  the 
third  distally.  Thediapophysis  of  the  second  is  much  the  stoutest.  It 
unites  with  the  subvertical  plate  like  diapophysis  of  the  first  as  well  as 
Trith  that  of  the  third.  It  is  concave  above,  and  terminates  distally  in 
a  massive  L-shaped  surface  of  articulation  with  the  ilium.  The  foram- 
ina inclosed  by  the  diapophyses  are  quite  large.  The  inferior  face  ot 
the  first  sacral  centrum  is  slightly  concave  with  a  hypapophysial  tuber- 
osity in  front ;  it  is  strongly  concave  in  the  second. 

Measurements  of  vertebrce. 

M. 

Antero-posterior  diamoter  of  dorsal 0.044 

Biamct^^r  at  botUun  iicnral  arch  do 040 

Length  baiio  of  nenrapophysis 041 

Diameter  centrum  lumbar,  (vertical) 090 

Diameter  ceutrum  lumltar,  (trausverse) 110 

Diameter  centrum  lumbar,  (autero-posterior) OdO 

Lenji;tb  tliree  sacral  vertebrae "2*20 

TVansverse  extent  of  sacrum,  (15  inches) V.  0 

Diameter  first  vertelira  at  free  end,  (transverse)  (4.6  inches) 12*2 

Diamoter  first  vertebra  at  free  end,  (vertical) Od'.i 

Diameter  last  vertebra  at  free  end,  (vertical) 021 

Diameter  hist  vertebra  at  free  end,  (transverse) 065 

Total"  expanse  of  heads  of  rib 106 

Diameter  capitular  face,  (vertical) 048 

Diameter  tul)ercular,(  vertical) • 030 

Width  rib  just  below  head 050 

Restoration. — We  may  ascribe  to  the  Loxolophodon  cornutus^  form  and 
proportions  of  body  simihir  to  those  of  the  elephant.  The  limbs,  how- 
ever, were  somewhat  shorter,  as  the  femur  is  stouter  for  its  length  than 
in  the  E,  indicus.  It  was  similar  in  this  respect  to  certain  s[)ecies  of 
mastodon.  The  tail  was  quite  small.  The  neck  was  a  little  longer 
than  in  the  elephants,  but  much  less  than  in  the  rhinoceroses;  the 
occipital  crest  gave  attachments  to  the  ligamentum  mic/uc  and  muscles 
of  the  neck,  which  must  needs  have  been  powerful  to  support  the  long 
muzzle  with  its  osseous  prominences,  and  to  handle  with  efi'ect  the  terri- 
ble laniary  tusks.  The  head  must  have  been  supported  somewhat 
obliquely  downwards,  presenting  the  horns  somewhat  forwards  as  well 
as  upwards.  The  third  or  posterior  pair  of  horns  towered  above  the 
middle  ones,  extending  vertically  with  a  divergence,  when  the  head  was 
at  rest.  The  posterior  and  middle  pair  of  horns  were  no  doubt  covered 
by  integument  in  some  shape,  but  wiiether  dermal  or  corneous  is 
uncertain.  Their  i^enetrating  foramina  are  smaller  than  in  the  Bovidw. 
The  cores  have  remotely  the  lorin  of  those  of  the  Antilocapra  americana, 
Avhence  I  suspect  that  the  horns  had  an  inner  process,  or  were  palmate 
as  in  the  prong-horn  at  present  inhabiting  the  same  region.  The  nasal 
shovels  may  have  supported  a  pair  of  flat  divergent  dermal  horns,  but 
this  is  uncertain;  they  are  not  very  rugose. 

The  elevation  of  the  animal  at  the  rump  was  about  6  feet,  distributed 
as  follows: 

Meastirements. 

Inches. 

Foot 4.50 

Tibia 20.50 

Fenmr 31.75 

Pelvis ^ \<v<^^ 


n'^i.ri^ 
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Thf  antfrior  limb  was  stouter  than  the  posterior,  judginis:  from  the 
propoiiio?is  ill  EohatnleuH  prenfiicorniif,  and  was  no  douht  more  elevated 
if  of  thf'  Probowidian  character.  This  woald  give  as  the  hypothetical 
elevation  at  the  withers: 

Meanurements. 

Ij-^ 61.00 

Srai»ril;j,  factnal). 21.  (H) 

N'«Miral  hfiiiies,  ^ixtremities) 7. Wt 

Or  7  it^'X  5  iricbcTH riO.W 


Thofw*  measnrements  are  made  from  the  plantar  and  palmar  surfaces, 
allowan(re  b^'infi^  made  for  the  pads. 

The  nH'k.  estimating  from  the  dorsal  vertebne  and  from  the  cervicals 
of  other  species  [)reserved,  could  not  have  very  much  exceeded  1  foot  in 
lenfjth.  Thi.s,  added  to  the  length  of  the  cranium,  gives  a  total  of  near  four 
an<l  a  lialf  feet.  The  obliquity  of  the  jyitero-po.sterior  axis  of  the  cervical 
vertebra?  indicates  that  the  head  was  iK)steriorly  elevated  above  the 
axis  of  the  dorsal  vertebne.  Thus  it  is  entirelv  clear  that  the  muzzle 
of  this  animal  could  not  have  reached  the  ground  by  several  feet,  and 
that,  as  occurs  in  the  similar  cases  of  the  tapirs  and  elephants,  there 
was  a  jiroboscis  to  SMpply  that  necessity.  The  indications  derived  from 
the  bones  of  the  muzzle  coutirm  this  conclusion,  as  has  been  already 
pointed  out. 

Further  than  this,  the  symphysis  madibuli  is  very  short  and  narrow, 
and  its  t«*erh  could  have  had  no  a<laptation  fur  cutting  off  vegetation. 
The  mental  foramen  is  small,  and  the  small  nutrient  artery  thus  indi- 
cated is  entirely  adverse  to  belief  in  a  powerful  or  prehensile  under  lip 
to  make;  up  for  the  uselessness  of  the  teeth.  The  long  decurved  canine 
te<*th  \vonl(l,nioreovcr,  partially  prevent  theli})slroni  toiichingthe  ground. 
The  posterior  position  of  liie  molar  teeth  indicates  use  for  a  probo.seis  as 
well  as  for  a  long,  slender  tongue.  The  fact  that  W\itf(>ram€n  infrnorbitale 
of  the  Jj(uol<)p/io(loii  is  less  than  in  the  elephants,  in  no  wise  militates 
agjiinst  the  i)ossession  of  a  proboscis,  for  it  is  still  smaller  in  the  tapir, 
which  has  one*,  and  laiger  in  many  rodents  which  are  without  it.  Tiiere 
could  have  been  no  interlerence  from  horns  n<»ar  the  ends  of  the 
nasal  hones,  lor  the  bases  of  these  project  beyond  the  origin  of  a  pro- 
huseis,  and  w(M'e  direct (m1  outwards,  wliile  the  latter  hung  downwards. 

This  species  was  probably  (jnitt*  as  large  as  the  Indian  elephant,  for 
the  individual  described  is  not  adult,  as  indicated  by  the  freedom  of  the 
epi))hyses  oi  the  lumbar  vertebra*,  and  fragments  (»f  others  in  my  posses- 
sion indicate  very  cOnsidtMably  larger  size. 

lldlnts. — TIm^  very  W(»ak  dcMitition  indicates  soft  food,  no  doubt  of  a 
ve^^etabh'  character,  of  what  paiticular  kind  it  is  not  easy  to  divine. 
The  long  canines  were*  no  doubt  for  defense  chiefly,  and  may  have  lieen 
useful  in  pulling  and  cutting  vines  and  branches  of  the  forest.  The 
horns  furnished  formidable  weajions  of  defense.  That  the  anterior 
nasal  ])air  wen^  not  used  for  rooting  in  the  earth  is  evident  from  the  ele- 
vation of  the  head,  wljich  would  render  this  impossible. 

This  hnge  animal  nnist  have  been  of  defective  vision,  for  the  orbits 
ha\e  no  disfinctivc*  outline,  and  the  eyes  were  so  overhung  by  the  horns 
and  cranial  walls  as  to  have  been  able  to  see  but  little  upwards.  The 
muz/l(*  an<l  cranial  cK'sts  have  obstructed  the  view  both  forward  and 
backward,  so  that  this  beast  probably  resembled  the  rhinoceros  in  the 
e;/.ve  \\\{\\  which  it  might  have  been  avoided  when  in  jmrsuit. 
Suno)njm\i, — According  to  MvvT^\\,\\vi  v\v.^':<vvi\\\^^v!i  lUis  species  Septem- 
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ber  21,  1872,  under  the  name  of  Tinoceras  grandis,  which  thus  becomes 
a  s.vnonym  of  LoxolopJiodon  connutua.  As  the  name  Tinoceras  had  never 
been  described  prior  to  that  date,  although  applied  to  the  Ittanotke- 
rium  (?)  anoepsj  Marsh, previously  without  description, thisnamobecomes 
a  synonym  of  LoxolopJiodon  or  JSohasUeuSj  should  the  two  latter  ulti- 
mately prove  to  be  identical. 

Locality. — The  remains  of  the  Loxolophodon  cornutus  were  found  by 
the  writer  in  August,  1872,  in  a  ravine  of  the  bad  lands  of  Wyoming. 
The  greater  part  of  the  cranium,  femur,  &c.,  were  excavated  from  the 
base  of  a  clitt'of  perhaps  250  feet  in  height,  on  the  side  of  a  ravine  ele- 
vated alH)ut  IjOOO  feet,  in  the  Mammoth  Buttes,  on  South  Bitter  Creek. 
As  the  basin  of  Bitter  Creek  is  7,500  feet  above  the  sea,  the  fossil  was 
taken  from  an  elevation  of  8,500  feet.  The  horizon  is  the  Bridger 
Group  of  the  Eocene  of  Hayden. 

EOBASILEUS,  Cope.       ' 

Proceedings  of  tbe  American  Philosophical  Society,  1872  p.  485,  (aeparata,  Angnst  20.) 

As  pointed  out  above,  this  genus  resembles  Loxolophodon  in  the 
cervical  vertebne,  bnt  ngrees  with  Uinfatherhnn  in  the  rudimental  con- 
dition of  the  nasal  liorncores,  whic4i  are  mere  tubercles.  The  poste- 
rior or  third  pair  of  liorncores  are  also  very  ditferent,  and  probably 
stand  on  the  largely  developed  lateral  crests  of  the  superior  surface  of 
the  cranium,  as  in  Uintatherium,'  They  are  apparently  preserved  in  IJ. 
furcatumj  (which  is  not  the  type  of  the  genus,)  and  are  compressed  from 
base  to  summit ;  in  Loxolophodon  the  baise  is  nearly  cylindric. 

The  characters  of  this  genus  had  not  been  indicated  in  any  of  the 
descriptions  published  by  paleontologists  prior  to  its  establishment  as 
above  cited. 

•  The  cervical  vert^hrce  in  E,  pressicornis  are  very  short.  The  limbs  nre 
much  as  in  Loxolophodon^  as  are  the  scapula  and  pelvis.  Tlie  Hymphynis 
pubis  of  E,  pressieornisy  or  an  ally,  is  short,  and  \jas  separated  I'rom  the 
ischiadic  symphysis;  but  whether  this  belongs  to  the  genus  is  not 
entirely  certain. 

The  unciform  bone,  of  perhaps  the  same  species  as  the  above,  displays, 
as  in  living  proboscidians,  three  inferior  tacets.  The  external  facet  is 
deeply  concave,  and  unites  with  the  superior  face  by  an  acute  angle.  It 
supported  the  small  outer  toe  by  its  metat^nrsus  directly.  The  other  two 
are  more  nearly  on  one  plane,  and  are  deeper  than  wide.  The  unciform 
is  in  form  a  little  less  than  a  quarter  of  a  circle,  and  the  external  (anterior) 
depth  is  one  half  its  transverse  length.  Its  superior  surface  is  slightly 
convex. 

EOBASILEUS  PRESSICORNIS,  Cope. 

Loxolophodon  prcfisiconnSf  Cope.  Proceed.  Ainer  Philos.  Soc,  1872,  p.  580,  (published 
AiiKiist  ID.)  Loc.  cit.,  p.  4HH,  (Angnst  ^2.)  JCobaMlntft  coniutuSy  Cope,  1.  c.,  i).  4^5, 
(AiigHBt  20,)  not  Loxolojjhodon  cornufusy  Cope,  f.  c.,  August  19. 

Represented  by  numerous  portions  of  the  cranium,  with  fragments  of 
limbs  of  one  individual;  of  almost  all  portions  of  the  skeleton,  except 
the  cranium,  of  a  second.  A  humerus,  with  astragalus  of  a  third,  is  of 
uncertain  reference,  while  a  single  humerus  of  another  specimen  may 
belong  here.  Fragments  of  several  other  individuals  of  appropriate 
size  may  pertain  to  it. 

The  cranium  is  represented  by  nasal,  maxillary,  malar,  occipital  bQ\w%^ 
&c.    The  first  named  has  a  half-conic  apex,  and  an  o\SV\^v\^  ^Q\xv>^\<i^'s>i»L 
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tuberosity,  which  forms  the  lateral  border  behind  it,  and  is  directed 
obliquely  upward.  The  a[>ex  of  each  nasal  is  vertically  compressed 
acute,  and  is  deeply  pitted  and  rugose  for  muscular  or  ligamentous 
attachments.  The  inferior  lateral  marginal  ridge  is  contracted,  and 
incloses  a  concave  median  space.  The  tuberosity  sinks  to  the  Iwvel  of 
the  median  suture.  The  posterior  part  of  the  nasal  rises  to  the  apex  of 
the  middle  horn-core,  forming  its  inner  face.  The  postero-superior  angle 
of  the  premaxillary  reaches  to  near  the  base  of  the  horn,  and  is  not 
drawn  out  to  a  narrow  a]>ex  as  in  L.  comutus.  The  horn  is  compressed 
antero-posteriorly  at  the  base ;  at  the  apex  obliquely  inward  and  for- 
ward. The  outer  face  is  concave  on  the  lower  half;  the  inner,  convex. 
The  posterior  face  is  concave  and  the  anterior  convex,  when  viewed 
from  the  side. 

Measurements  of  nasal  hone, 

M. 

Width  oflmth  at  tuberosity O.VA 

Width  (Jl'both  at  l>a»j  of  distal  cone OCA) 

Depth  of  Hiiturc  at  front  of  tuberosity USD 

lA>tij;th  of  suture,  from  premaxillarj'  to  horo-core (KI5 

Leuf^th  of  honi-coro,  (iu  front,)  (6  inches) l.'O 

Dianiet^T,  (rxterually) 0.tO 

Diameter  of  apex 046 

The  occipital  region  is  furnished  with  an  enormous  transverse  crest 
whi(;li  extends  upward  and  backward.  Its  margin  is  gently  convex, 
and  its  super* )-anterior  face  conc.lve.  The  posterior  is  narrowed  by  the 
inferior  crest-like  margins  of  tiie  temporal  fossie,  which  extend  from  the 
squamosal  part  of  the  zygoma  and  gradually  contract,  terminating 
abrni)tly  in  a  low  knob  where  it  joins  the  transverse  crest.  The  i)Oste- 
rior  fiice  between  the  former  is  divided  into  two  planes  by  a  low  vertic4il 
rid*.a*,  which  terminates  some  distance  below  the  summit.  The  trans- 
ver.M' crest  is  continued  in  a  curve  forwards  on  each  side  as  the  sui)erior 
niiir^Liin  of  the  temporal  fossn.  The  specimen  does  not  indicate  whether 
these  crests  supporteid  horns,  but  they  are  very  stout. 

Measurcvients  of  occiput. 

M. 

Elovntioii  ham  foramen  mar/vinn 0.  15'.> 

Width  h«'tw«M'u  iiiforior  temporal  ere^its "270 

Width  of  condyles  with  foramen I  0 

Elevation  ahove  internal  sinujses  at  angles l.Hf 

Tiie  ninstoid  tuberosity  is  short  and  stout ;  the  ninstoid  foramen  is 
liir^^c  and  not  piercing  a  crest.  The  ex-occi[)ital  suture  ii*  obliterated. 
^Jln*  \ -shaped  crest  behind  the  meatus  in  Loxolophodon  cdrnutiof  is  little 
marked  lic^re.  The  surlace  of  the  bone  has  various  muscular  inipres- 
si()!is.  The  basi-occipital  exhibits  a  low  median  crest  dividing  lateral 
coiH'.jvities ;  transverse  width  at  condyles  .077  ]\I.  The  iraginents  id 
teetii  ar<' t()(Mincharacteristic  for  si)ecilic  description.  Numerous  cra- 
nial rTa;^nients  accon)pany  the  above,  but  have  not  yet  been  proi)erly 
placcil. 

The  atlas  is  ])roken  ;  its  cotyloid  cavities  arc  rather  shallow,  and  the 
dia]>ophyses  small.  Its  anteroposterior  diameter  below  at  the  niiddh' 
line  is  .070 ;  at  base  of  diapophysis  .070.  The  condyles  of  the/ewMr 
]>resent  the* Chaiacters  of  the  group*.  There  is  a  deep  vertic^al  groove  on 
the  inner  side  just  above  the  condyle.  The  latter  approach  each  other 
closely  on  each  side  of  the  intercondylar  fossa  and  are  flattened  on  the 
sii]>eiior  posterior  margins.     Width  across  extremities  M.  .loO. 

At  a  distance  of  liH>  v)V  tiOO  feet  fiom  the  above  specimen  I  found 
poitions  of  the  skeleton  oi  v\  ^mvxWvjY  ^\\\wvv\\^>;\YQ\iV!iblv  a  different  but 
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allied  species.  It  is  represented  by  portions  of  ribs  and  limbs^  of  which 
the  alna  is  described  under  JJintatherium.  Two  or  three  hundred  yards 
from  the  typical  specimen,  I  obtained  remains  of  almost  all  parts  of  the 
skeleton  of  what  is  probably  the  present  species.  The  femur  is  identical 
in  character.  The  specimen  embraces  cervical,  dorsal,  and  lumbar  verte- 
brse,  ulna,  both  femora  and  tibise,  astragalus,  navicular,  &c.,  and  large 
parts  of  the  scapulsB  and  pelvis. 

The  seapulaj  in  its  proximal  portions,  differs  little  from  that  of  Loxo- 
laphod4m  comutusj  beyond  its  inferior  size.  The  coracoid  is  a  compressed 
tubercle  inclosing  a  groove  with  the  glenoid  cavity. 

Measurements. 

M. 

Diameter  glenoid  cavity,  (longitudinal) 0.168 

Diameter  glenoid  cavity,  (transverse) 098 

The  as  pubis  displays  a  strong  pectineal  rugosity,  commencing  near 

the  acetabulum. 

MeasuremerUs. 

M. 

Long  diameter  of  acetabulum 0.143 

Length  common  pubic  suture 108 

Diameter  pubis,  near  acetabulum 052 

The  femur  is  nearly  as  long  as  that  of  Loxohphodan  comutusj  but  is 
more  slender,  and  has  a  relatively  smaller  head.  It  is  flattened  fore 
and  aft,  and  the  great  trochanter  is  much  expanded  and  with  a  shallow 
concavity  on  the  iwsterior  face.  There  is  a  marked  concavity  on  the 
IK>8terior  face  of  the  shaft  above  the  condyles.  There  is  a  rudiment  of 
the  little  trochanter.  The  tibia  is  scarcely  three-fourths  the  length  of 
the  femur,  and  has  a  rather  contracted  shaft,  which  is  in  section  rounded 
triangular,  one  angle  presenting  forward.  There  is  no  spine  except  a 
rudiment  in  the  swollen  upper  portion  of  the  anterior  ridge.  The  articu- 
lar surfaces  are  together  rather  narrowly  transverse.  They  are  sepa- 
rated  by  a  keel  which  is  undivided  posteriorly ;  anteriorly,  the  contiguous 
margins  of  the  cotyli  separate.  The  long  axis  of  the  inner  of  these  is 
directed  antero-posteriorly  outward  in  front ;  of  the  other,  similar  but 
much  more  transverse.  It  overhangs  the  shaft  outward  and  backward, 
and  supports  beneath,  the  sub-round  down-looking  fibular  articular  sur- 
face. The  distal  articular  surface  is  distinguished  from  allied  species 
by  the  downward  prominence  of  the  malleolar  process,  the  antero-poste- 
rior  width,  and  the  greater  extent  of  the  fibular  articular  face.  The 
face  id  slightly  coacave  antero-posteriorly,  and  openly  sigmoidal  trans- 
versely. 

Measurements  of  leg. 

M. 

Length  with  astragalus  in  place — •  1.200 

Femur,  lengtb 750 

Femur,  diameter  ball 118 

Femur,  width  at  great  trochanter 220 

Femur,  widt^  at  middle  shaft 091 

Femur,  depth  at  middle  shaft 060 

Tibia,  length 470 

Tibia,  wictth  proximal  surfaces,  (transverse) • 147 

Tibia,  width  proximal  surfaces,  (antero-posterior) 070 

Tibia,  transverse  disuneter  shaft 061 

Tibia,  antero-posterior  diameter  shaft 065 

Ti  bia,  an tero^posterior  diameter  shaft,  distal  articulation ^^^^ 

TibiiK  transYerae  diameter  9bai^,  distal  articulation ^^^ 

FibuUs  length , ^^ 

37  &  a 
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JHeasuremenU. 

Fibula,  transvene  width  at  middle .038 

Fibnla,  width  proximal  articular  face G42 

Fibula,  width  malleolar  articular  iace,  (transverse) 052 

Fibula,  width  oialleolar  articular  face,  (lougitudinal) 044 

A  section  of  the  fibala,  near  the  proximal  end,  is  snb-triangalar ;  a* 
short  distance  below,  sub-circalar ;  on  th^  distal  two-thirds  it  is  fli»t, 
with  the  thinner  edge  convex  inward. 

The  astragaluH  is  a  flat  bone,  with  its  entire  superior  face  occupied  by 
the  tibial  articular  surface.  This  is  as  broad  as  long,  and  very  little 
convex.  It  is  broader  in  front  than  behind ;  the  outer  margin  is  con- 
cave, the  inner  slightly  convex.  The  posterior  margin  projects  most  on 
the  outer  side,  and  it  is  divided  by  a  pit-like  cavity,  which  sends  a 
groove  to  the  inner  margin.  The  outer  malleolar  surface  is  an  antero- 
posterior oval ;  the  inner,  a  concavity,  beyond  which  the  inferior  por- 
tion of  the  bone  projects.  The  inferior  face  is  divided  by  a  prominent 
transverse  angle,  between  sub-anterior  and  sub-posterior  faces.  The 
latter  receives  the  calcaneum  on  two  oval  surfaces,  which  are  joined 
behind  by  a  narrow  strip.  The  navicular  face  is  sub-rhomboid,  the 
cuboid  one-third  as  large,  and  triangular,  with  a  round  base  outward. 
The  margin  of  the  former  scarcely  projects  beyond  the  superior  face. 

Measurements  of  astragalus. 

M. 

Total  width 0.128 

Total  len^h « 107 

Width  tibial  face  in  front 090 

Length  tibial  face,  externally Ort8 

Length  internal  malleolar  face 045 

Length  outer  calcaneal,  malleolar  face,  antero-posteriorly 050 

Length  navicular  facet 085 

Wi<lth  navicular  facet,  (anteru-posterior) (XW 

Length  cuboicl  facet OtiT) 

Width  cuboid  facet,  (antero-posterior) 035 

A  cuneiform  belonging  to  the  individual  mentioned  first,  has  been 
already  described. 

Measurements  of  cuneiform, 

M. 

Depth  in  front 047 

Width,  (tran«vei8e) 095 

Width  of  internal  facet .•. 038 

Width  <)f  second 027 

Width  of  thinl 043 

Width  of  exteilial 026 

A  distal  end  of  a  humerus  was  found  with  two  astragali  about  100 
yards  from  the  last  individual.  The  articular  face  is  very  oblique  to 
th(»  transverse  axis,  but  is  about  equally  developed  on  opposite  sides  of 
the  shaft.  The  eondyles  are  unequal,  have  parallel  axes,  and  are  sepa- 
rated by  but  a  shallow  concavity.  The  fossa*  of  opposite  sides  are  not 
very  large  nor  deep. 

Measurements  of  humerus.  • 

M. 

TransvtifBO  diameter,  distally 175 

Transverse  of  inner  condyle 104 

TYansverse  of  outer  condyle 125 

TraDHverse  diameter,  olecranou 110 
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The  portion  of  ulna  just  measared  belongs  to  the  individaal  of  which 
80  many  fragments  were  found,  or  No.  2. 

The  dorsal  vertebrm  of  the  same  are  somewhat  distorted  by  pressure; 
1  will  therefore  describe  a  cervical  of  natural  form.  The  centrum  is  very 
short,  and  the  articular  face  is  a  wide,  transverse  oval.  Both  are  slightly 
concave,  and  the  axis  *being  slightly  oblique,  the  anterior  is  the  more 
elevated.  The  surface  of  the  latter  is  quite  rugose,  except  on  the  mar- 
gins. The  cervical  canal  is  wide,  and  the  neurapophyses  and  para- 
pophyses  narrow.    Inferior  surface  regularly  convex. 

• 

Measurements  of  cervical  vertebra. 

M. 

Length  oenlnuii 044 

Length  bans  nenrapophysis. 040 

Lengtli  anterior  articular  face 102 

Depth  anterior  articular  face. 08il 

Width  nenral  canal  at  base 060 

Belations, — Besides  the  difference  in  the  development  of  the  anterior 
nasal  tuberosities,  which  might  be  sexual  only,  this  species  differs  from 
£.  oomutus  in  the  simple  naso-maxillary  horn-cores,  which  want  the 
interior  tuberosity  of  that  species,  and  in  the  fact  that  they  are  com- 
posed exclusively  on  their  inner  sides  of  the  nasal  bones  to  the  apex, 
the  maxillaries  forming  the  outer  face.  E.  pressicomis  has  also  a  much 
wider  and  less  massive  supraoccipital  basin,  with  lighter  horn-cores, 
if  present.    Minor  differences  have  been  already  mentioned. 

The  measurements  given  by  Marsh  for  his  Tiianotherium  (?)  anceps 
(later  Tinoceras  anceps)  are  considerably  smaller  than  those  of  corre- 
sponding parts  of  Eobasileus  pressicorniSj  but  represent  more  nearly  a 
species  of  the  size  of  Uintatherium  rohustmn.  When  the  species  is  suffi- 
ciently described,  we  shall  be  able  to  determine  to  which  of  the  genera 
it  should  properly  be  refeiTed. 

Restoration, — The  elevation  of  this  animnl  was  not  much  less  than 
that  of  the  LoxolopJiodon  comutus^  but  the  proportions  were  more  slender ; 
as  in  all  the  species  of  Uintatherium  in  which  the  horns  are  known, 
these  appendages  stood  in  front  of  the  orbits,  and  nearer  the  nareal  open- 
ing than  in  the  type  of  the  former  genus.  The  muzzle,  too,  is  materially 
shorter  and  more  contracted,  and  the  true  apex  of  the  muzzle  was  not 
overhung  by  the  great  cornices  seen  in  Loxolophodon.  The  horn-sheatbs 
were  probably  simple,  while  in  L.  comutus  they  were  probably  palmate. 
The  occipital  and  parietal  crests  are  much  more  extended  in  this  species 
than  in  the  L.  cornutuSy  so  that  in  life  the  snout  and  muzzle  had  not  such 
a  preponderance  of  proportion  as  in  that  species.  All  the  species  of  this 
genus  were  rather  more  rhinocerotic  in  the  proportions  of  the  head, 
although  the  horns  and  tusks  produced  a  very  dittierent  physiognomy. 
The  extremities  of  the  nasal  bones,  though  not  excavated  as  in  that 
species,  are  strongly  pitted  and  exostosed,  and  this,  taken  in  connection 
with  the  elevation  of  the  head,  renders  it  probable  that  this  species  also 
possessed  a  proboscis. 

History. — This  species  was  originally  described  by  the  writer  in  a  short 
paper,  which  was  published  and  distributed  August  19,  1872,  under  the 
generic  name  Loxolophodon.  I  shortly  afterward  referred  it  to  the  new 
genus  EobasileuSy  under  the  name  cornutus^  under  the  impression  tliat  it 
was  the  same  as  the  Loxolophodon  comutus;  but  finding  this  was  not  the 
case,  I  again  used  the  specific  name  here  adopted. 
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EOBASILEUS  FUROATTJS,  Gope. 

LoxoJophodon  htfurcatuSf  Cope,  in  extra  copies  ou  ProboecidiaoB  of  the  Eocene  of  Wyo- 
ming, Aagust  19,  1872.*  LwMlophodon  fmrcaiua  in  the  same.  Proceedings  American 
Philosophical  Society,  1872,  p.  580,  Beparata^  Ang.  20.    L.  c.  4^,  Angost  &, 

This  species  was  origiually  described  from  a  large  horn-core  whose  ex- 
tremitiil  part  resembles  strongly  the  nasal  shovel  of  Eobasileus  camutus^ 
ou  which  account  I  referred  it  to  that  position  on  the  skull.  Marsh  lias 
described  somewhat  similar  horn-cores  from  the  lateral  crests  of  the 
skull  behind  in  U.  mirabilej  whence  it  may  be  that  my  specimen  la 
referable  to  that  position,  although  it  difLers  much  from  those  of  that 
species. 

The  basis  is  very  narrow  and  lenticular ;  a  short  distance  above  it  the 
outer  side  is  convex.  The  anterior  and  posterior  extensions  of  the  base 
dili'er ;  the  one  is  thinner,  the  other  more  massive  and  with  a  shallow 
groove  above  its  commencement.  The  latter  may  be  posterior.  If  so, 
the  compressed  apex  of  the  horn-core  sends  down  a  rib  outwardly  to  the 
anterior  and  one  inwardly,  which  disappears  on  the  convex  base.  The 
general  form  is  spatulate  with  the  apex  expanded  obliquely'  across  the 
lateral  crest,  and  regularly  rounded  in  superior  outline.  Its  anterior 
fa*  e  is  flat,  the  posterior  convex;  its  surface  is  grooved  by  very  small 
bloodvessels. 

As  compared  with  the  posterior  horn-core  of  Laxolophodan  ootniUtu, 
there  is  every  difference.  That  is  continuous  with  one  margin  of  the 
crest,  this  erect  above  it ;  that  has  a  round  base,  this  a  lenticular  one. 
It  is  more  like  that  of  IT.  mirabile^  which  I  only  know  from  Marsh's  fig- 
ure, but  abundantly  distinct.  It  is  much  more  elongate,  especially  above 
the  (f )  posterior  part  of  the  crest,  and  is  flattened,  and  without  the  trian- 
gular section  of  that  species. 

Measurements  of  horn-core. 

M. 

The  total  length  above  crest,  (5.  5  iucbea) 0.  KJ5 

The  total  Icugth  libove  ba^e,  (7^  iucbe») 1-^) 

Wiiith  jicrosB  apox.  (in  front ) 01)5 

Tliickness  across  apex,  (in  front) O'JS 

Thickness  at  base 040 

It  is  not  certain  that  this  born  may  not  belong  to  the  JS,  pressicornU, 
if  it  be  a  posterior  core,  of  which,  however,  I  am  not  yet  sure.  In  that 
case  the  uiMuefurcatuH^  iiiuler  which  it  was  first  described,  becomes  » 
sviionym  of  E,  pretniicornis, 

LINTATHERIUM,  Leidy. 

Proceeclin|L(8  Academy  Natural  Sciences,  Philadelphia,  1872,  p.  169,  (pnblished  August 
Ist.)  UintanuMtii,  Leidy,  1(K'.  cit.,  Dinocertu,  Marsh,  Amer.  Journ.  Sci.  Arts,  1872.  Octo- 
ber, 1872,  (published  Septejuber  27.) 

This  genus  restnnbles  the  last  in  its  general  proportions,  but  differs  in 
its  more  elongate  cervical  vertebne.  The  centra  of  these  are  fiat  at  both 
extremities,  but  have  not  such  a  marked  elephantine  abbreviation  as 
seen  in  the  two  geiieni  above  described.  This  enabled  the  head  to 
approach  the  ground  more  nearly,  and  as  the  limbs  were  shorter  in 
some  of  the  species,  they  no  doubt  modified  the  length  of  the  proboscis, 
if  present. 

Several  names  have  been  applied  to  this  genus.    Professor  Leidy 's 


*.See  Proceedings  Americau  i?Vu\oao\)\i\<i\>\.  ^vi^iXfcV'^,  \.^'Z,  \>.  515,  where  this  uauie  is 
recorded. 
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reasons  for  separating  it  from  bis  TinoceraSj  (the  names  of  the  two  bear 
an  objectionable  resemblance^  or  those  published  by  Dr.  Leidy  or  my- 
self. As  it  is  evidently  synonymous  with  Uintatheriumj  I  inclade  it 
here,  as  is  done  by  Dr.  Leidy. 

I  am  acquainted,  by  autopsy,  with  two  species  of  this  genus.  ]Sfo<ie 
of  them  are  so  large  as  the  MbaHleus  pressioamis.  U.  ro^Mtwm^  Leidy, 
is  smaller,  and  the  JJ.  Icumstrej  Marsh,  smaller  still.  U.  mirabile^ 
{DinoceraSj)  Marsh,  is  about  the  size  of  the  U,  robustunij  and  nearly 
allied  to  it;  but  it  may  be  distinct,  as  it  wants  a  tubercle  on  the  last 
molar.  I  therefore  retain  three  species,  as  follows :  XJintatherium  rohus- 
tuniy  Leidy ;  U.  mirabilej  Marsh ;  U.  Uumstre^  Marsh.  For  convenience 
I  compare  these  species  with  those  of  Uobimleus. 

The  naso-maxillary  horn-cores  have  been  seen  in  E.  pres^icamis  and 
U.  miraMley  and  the  n^al  tubercles  in  the  same.  The  posterior  horn- 
cores  are  known  in  the  U.  mirdbile.  The  posterior  and  lateral  crests  of 
the  cranium  inclose  a  basin-shaped  concavity  above  in  all  these  species; 
it  has  been  observed  in  all  but  Kfurcatus.  The  dentition  is  similar  to 
that  in  Loxolophodnriy  i.  e.,  1. 0;  G.  1 ;  P.  M.  4 ;  M.  2.  The  first  premolar 
in  U,  lucustre  has  an  internal  cone  and  outer  concave  crest.  The  worn 
surfaces  of  the  other  teeth  in  that  spe«ies,  27.  robustum  and  U.  mirdbilej 
are  narrow  ovate,  with  a  deep  exterior  emargination.  The  true  molars 
support  two  crests,  which  converge  inwards  and  unite :  there  Is  a  small 
tuoercle  behind  the  apex  in  TT.  laomtre  and  U.  robtutum.  The  tusk  is 
long,  compressed,  and  double-edged,  as  in  Laxolophodfm.  The  last  in- 
ferior molar  in  U.  robustum  possesses  three  transverse  crests,  the  pos- 
terior two  parallel,  and  obliquely  directed  inwards  toward  the  axis  of 
th^  anterior,  which  is  the  highest. 

In  a  specimen  of  one  of  the  smaller  species,  the  ulna  widens  consid-' 
erably  distally,  being  nearly  as  wide  as  the  much  expanded  olecranon. 
The  latter  is  large,  flattened,  and  subtransverse,  and  presents  a  sharp 
ridge  internally.  On  the  inner  side  of  the  distal  part  of  the  articular 
face  for  the  humerus  is  a  tubercle,  from  which  a  short,  wide  groove  runs 
out  on  the  inner  face  of  the  bone.  The  head  of  the  radius  is  a  little 
exterior  to  the  middle  line,  and  the  shaft  crosses  the  ulna  in  an  open, 
shallow  groove,  to  the  inner  side. 

The  cuboid  is  flat,  and  displays  two  proximal  and  two  distal  articu- 
lar facets  in  TT,  ^urcatum.  The  astragalus  of  the  same  species  is  sub- 
bifurcate  postenorly,  and  has  internally  an  extensive  oblique  malleolar 
fossa.  The  calcaneum  is  short  and  massive,  with  two  superior  and  one 
small  anterior  articular  facet. 

The  species  may  be  thus  distinguished: 

1.  Large  species^  (occipital  condyles  extending  over 
about  0°».170 :) 

Nasomaxillary  horns  long;  tibia  with  wide  articular 

faces JS.  pressicomis. 

Horn-cores  flat,  elevated U.furcatus. 

2.  Species  of  intermediate  size : 

Molars  smaller,  with  an  additional  tubercle  on  the  last.       U,  robustum. 
Last  molar  without  additional  tubercle,  (Marsh  ;)  max- 
illary horn-cores  low,  triangular ;  posterior  horn-cores 
short,  triangular  iu  section U.  mirabile, 

3.  Smallest   species,  (occipital    condyles    extending 
over  about  0™.095 :) 

Molar  teeth  larger,  the  last  with  a  posterior  expansion.         U,  lacustre. 

Previous  to  describing  the  species  I  notice  a  part  of  tVv<^  %Vfi\9Xfi)\^  ^\  ^^ 
large  mammal,  second  only  in  bulk  to  Xoarolophodoti  a\i4  Eoba%\\cu.%  ^Xyss^ 
described. 
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'Ibese  remains,  which  were  not  found  in  association  with  a  cranium, 
consist  of  several  vertebra,  some  carpal  bones,  and  the  entire  hind  limb 
of  the  left  side  except  the  toes  and  the  ctineiform  and  naTicalar  bones. 

The  odontoid  process  is  very  stout,  with  a  descending  trihedral  apex. 
Length  M.  .078;  diameter  at  base,  .048.  A  dorsal  vertebra,  with  a  single 
(anterior)  capitular  articular  face,  is  quite  concave  in  front. 

Measurenients. 

M. 

Diiuueter  antero-posteriorly ^ 057 

Diameter  vertically 094 

A  cervical  vertebra  has  the  proportions  of  the  dorsal  as  to  its  cent- 
rum, thus  differing  materially  from  species  previously  described.  The 
articular  surfaces  are  slightly  concave. 

Me(Murement8. 

M. 

Length  (autero-posteriorly) 0.065 

Diameter,  vertical OW 

Diameter,  transverse 100 

The  feynur  resembles  that  of  the  other  species  already  described,  but 
is  remarkable  for  the  relatively  small  size  of  the  head.  While  the 
lengths  of  the  bone  are  not  very  different,  and  the  expanse  of  the  great 
trochanter  about  the  same,  the  head  of  L.  camutus  is  large,  the  present 
one  is  very  much  smaller,  and  that  of  JS.  pressicomis  intermediate. 
There  is  a  rudimeutal  third  trochanter,  and  the  condyles  are  as  large 
as,  and  similar  to,  those  of  E.  pressicornis.  The  external  marginal  con- 
,  dylar  ridge  is  quite  short.  The  shaft  is  broken  and  some  small  pieces 
lost  ]  it  is  now  20  inches  long,  but  wa^  no  doubt  longer  when  complete. 

Measurements  of  femur. 

M. 

Expanse  of  creat  trochanter 0.  !£W 

Diameter  of  head 109 

Diameter  of  whaft  at  middle 093 

Diameter  above  coud.vles l.>2 

Diameter  at  extremity  of  condyles i:i9 

Diameter  (vertical)  of  inner  condyle I*i5 

The  tibia  is  perfectly  preserved.  It  is  short  and  stout,  and  with  mass- 
ive extremities.  The  outer  basal  part  of  the  spine  remains  and  is 
prouiiiieDt.  The  cotyli  are  not  oblique ;  the  inner  is  sub-round,  the  outer 
transverse,  widening  outwardly  ;  their  long  axes  are  at  right  angles  to 
each  other.  The  crest  is  a  low  ridge  of  contact  of  the  cotyli.  The 
superior  fibular  face  is  a  transverse  oval ;  the  inferior  much  smaller  than 
in  U,  pressicornis.  The  shaft  is  contracted,  and  flattened  behind  and  on 
the  inner  side.  The  distal  extremity  is  transverse,  less  truncated  for 
the  tibula  than  in  E.  pressicomis^  less  convex  behind,  and  with  a  less 
prominent  external  malleolus.  The  point  dividing  the  astragalus  be- 
hind is  more  prominent. 

Measurements  of  tibia. 

Total  length 0.  39S 

Diameter  head  longitudinal U*H) 

Diameter  head  transverse. 13H 

Diameter  shaft  transverse <M>3 

Diameter  do.  antero-posterior 0(i»> 

Diameter  distal  articulation  antero-posterior 077 

i>iameter  distal  articulation  transverse li;j 

Diameter  distal  extren\\ty ,  fore  v\ud  aft 091^ 

D/auieter  distal  extremity, ttawy^vet^.-. *  - 
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:  These  measarements  show  that  this  bone  is  considerably  shorter  than 
in  .£.  prea^ioamisj  though  of  equal  distal  diameter.  In  both  species  the 
measurements  considerably  exceed  those  given  by  Marsh  for  his  TitaTUh 
tberium  (f )  aneeps.  The  form  of  the  articular  extremities  in  this  animal 
difiEers  fiom  both  in  being  more  narrowed  and  transverse. 

The  fibula  is  larger  proximally  and  smaller  distally  than  in  U.  pressi- 
comis.    Diameter  proximal  articular  face  .039 ;  of  the  distal  .045. 

The  (Mtragalus  is  similar  in  size  and  form  to  that  of  E.  preMicorniSj 
but  differs  in  two  points.  The  posterior  margin  is  deeply  incised  for 
the  ligamentous  insertion,  and  the  outer  lobe  is  clearly  cut  to  this  fossa, 
on  the  inner  side.  There  is  a  pit  for  a  ligament  on  the  convexity  of  the 
inner  part  of  the  middle  of  the  tibial  articular  &ce.  A  third  difference 
is  seen  on  the  inferior  face.  The  inner  calcaneal  facet  is  longer  and 
narrower,  and  is  margined  on  the  inner  side  by  a  large  fossa  parallel  to 
its  axis,  which  is  wanting  in  the  other  species.  The  cdlcaneum  is  short 
and  wide^  its  only  anterior  articulation  is  with  the  cuboid  and  is  small. 
The  heel  is  deeper  than  long,  and  is  obliquely  truncate  downwards  and 
inwards. 

Measurements  of  calcaneum. 

M. 

Length : .'....  0.105 

Width 092 

Depth  in  front 056 

Length  heel .' 047 

Depth  heel 065 

Length  onboid  flicet 038 

The  eubaid  is  a  flat  sub-triangular  bone  with  two  unequal  articular 
faces  below. 

Measurements. 

M. 

Length 0.064 

Width 076 

Depth 031 

Length  enneiform,  (antero-posterior) 040 

Depth  enneiform 017 

The  humerus  of  a  third  specimen  may  or  may  not  belong  to  this  species. 
It  was  found  in  another  locality.  Its  condyles  are  much  less  oblique 
than  in  that  one  described  under  E.pressioomis.  The  olecranar  fossa  is 
shallower.    It  belonged  to  a  larger  animaL 

Measurements  of  humerus. 

TransTerse  diameter  distally^  (7.75  inches) 0.195 

Transverse  diameter,  inner  condyle 125 

Remarks, — I'he  remains  were  discovered  by  the  writer  in  the  Bridger 
Bad  Lands,  on  South  Fork  of  Bitter  Creek,  Wyoming. 

UlNTATHERIUM  ROBUSTUM,  Lcidy. 

Proceedings  Academy  Natnral  Sciences,  Philadelphia,  1872,  p.  169,  August.     Uinta- 

mastix  atrox,  Leidy,  1.  c. 

I  have  been  able  to  examine,  through  the  kindness  of  Professor  Leidy, 
the  type  of  his  description,  and  find  it  to  belong  to  a  smaller  species 
than  any  of  those  above  described.    The  lateral  parietal  and  supra-, 
occipital  crests  are  well  developed,  and  the  latter  extends  obUo^^V^ 
backwards.    Several  peculiarities  are  to  be  obaet\ed.\\i  ^^  ^^\iWNAssvi. 
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Thus  there  is  a  great  inequality  in  the  height  of  the  transverse  crests  of 
the  posterior  upper  molar^  the  anterior,  or  the  arched  one,  rising  to  a 
high  cusp  at  its  outer  extremity.  A  small  tubercle  exists  on  the  s^e 
of  the  inner  angle  of  the  grinding  surface  in  the  penultimate  molar. 
The  same  angle  is  much  elevated  in  an  anterior  molar.  The  canine  is 
wider  diatally  than  in  L,  comuius^  and  less  recurved.  The  mastoid 
])roces8  is  quite  pi'ominent.  The  humerus  has  a  prominent  internal 
condyloid  ridge  and  tuberosity,  and  the  condyles  are  not  very  oblique. 
The  inner  posterior  lobe  of  the  tibial  face  of  the  astragalus  is  quite  well 
defined ;  there  is  no  median  ligamentous  pit  on  the  trochlear  face. 

Measurements^  (from  Leidy.) 

laoliw. 

Depth  lower  jaw  at  last  molar 3.S5 

Length  humerus,  about 21.00 

Diameter  at  coudyles 7.&0 

Found  by  Dr.  J.  V.  Carter  and  Dr.  Leidy,  near  Fort  Bridger,  Wyo- 
ming. 

Dr.  Leidy  has  suggested  with  some  reason  that  this  species  and  the 
Dinoceras  mirabilis  of  Marsh  are  identical. 

UlNTATHEBIUM  MIRABILE,  Marsh. 

Dinoceras  mirabilvif  Marsh,  Amer.  Joum.  Soi.  Art-s,  1672,  October,  (pablisbed  Sept.  27.) 

Loc,  cU.,  Jan.  2H,  1873. 

The  cranium  of  this  species  has  been  partially  described  as  above 
cited,  and  tigures  in  the  last-named  paper  largely  supply  the  deficiency. 
From  this  it  is  evident  that  it  differs  from  Loxolophodan  comutus  in  the 
generic  characters  already  mentioned,  and,  further,  in  the  anterior  posi- 
tion of  the  naso-maxillary  horns,  the  perforation  of  the  lachrymal,  the 
anterior  development  of  the  malar,  the  oblique  occiput,  &c.  It  differs 
from  the  U.  lyreMicornis^  besides  the  inferior  size,  in  the  shorter  nasal 
bones  and  greater  posterior  approach  of  the  premaxillary  bones  to  the 
base  of  the  horns ;  in  the  much  shorter  horns  and  greatly  smaller  part 
taken  in  their  composition  by  the  nasals. 

These  differences  account  for  the  great  number  of  errors  committed  by 
Professor  Mjirsh  in  his  allusions  to  other  species,  especially  Loxolophodaii 
cornutiiif  described  by  me,  (see  his  second  article  above  quoted.)  Ac- 
cording to  iVIarsh  this  species  differ?  from  U.  rohuHtum  in  the  absence  of 
a  small  tubercle  on  the  last  molar,  and  presence  of  one  on  the  penulti- 
mate molar. 

MeasuremenU,  (from  Marsh.) 

Length  of  cranium,  (28.5  inches) 0.72*2 

Widt li  over  orbits 202 

Width  between  HUQiniits  naKSo-miixillary  cores Itj9 

Widtli  between  snmiuits  nasao-uiaxillnry  cores • 03c« 

Height  na.so-niaxillary  cores,  (3  inches) .(Cf) 

Length  eanine  (l.).2o  inches)  below  jaw 2;^2 

Diameter  fore  and  aft  at  base 064 

Diauieter  transverse  at  bjise 025 

Length  of  molar  series 150 

Last  superior  molar  series 036 

Unitatherium  JLA.CUSTRE,  Marsh. 

Dinoi^raH  lacuatris,  Marsh,  1.  c.  October,  1872,  (Published  September  27,  1872.) 

I  })ave  several  of  the  teeth  and  the  occipital,  parietal,  and  other  por- 
tions of  the  cranium  of  lVi\ft  ^p^v!,\^%.    It  \^  diiitiuguished  from  its  con- 
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geners,  apart  from  its  smaller  size,  by  the  large  sizeof  the  teeUi.  These  are 
nearly  as  large  as  those  of  Laxohphodon  eamutua^  and  considerably 
larger  than  those  of  U.  robustMm  and .  U.  mirtilnle.  The  occipital  con- 
dyles are  not  larger  than  those  of  the  elk,  Cercua  canademns.  The 
mastoid  protuberance  is  prominent,  and  the  post-glenoid  process  more 
firoduced  dowuwai*ds  and  with  less  fore  and  aft  diameter  than  in  the 
other  two  species.  The  inferior  temporal  ridge  is  strongly  marked, 
and  the  posterior  condyloid  foramen  is  large. 

The  posterior  molar  has  a  wide  floor  extending  from  the  posterior  or 
straight  transverse  crest  to  the  cingulnm.  This  crest  is  low,  and  has  a 
low  tubercle  near  its  apex  behind.  The  other  molars  have  strong  fore, 
and  aft  cingula,  but  none  at  ends.  The  worn  surfaces  are  first  Y-shaped, 
ater  arrow-shaped.  The  first  premolar  has  a  curved  outer  crest  ana 
inner  conic  tubercle. 

Me€i9urements. 

Diameter  of  occipital  foramen  and  condyles 0.092 

From  exterior  end  condyle  to  mastoid 058 

From  exterior  end  condyle  to  post-glenoid  process 080 

Transverse  diameter  last  upper  molar 045 

Transverse  diameter  third  premolar 029 

Length  molar  series : 163 

Found  by  the  writer  in  the  Bridger  formation  of  South  Bitter  Greek. 
Wyoming. 

MEGA0ERATOP8,  Leidy. 

Proceedings  Academy  Natural  Sciences,  1870,  p.   1.    Hayden's  (Geological  Survey, 

Wyoming,  1872,  p.  352,  ("  Meffaoer^$») 

This  genus  is  only  known  from  the  extremity  of  the  nasal  bones  bear- 
ing the  horn-cores.  The  latter  are  intermediate  in  position  to  the  nasal 
and  nasomaxillary  horns  of  Eoba»ileu8y  &c.,  and  may  represent  the 
median  pair,  in  which  case  the  diagnosis  of  the  genus  should  be  nasal 
horn-cores  wanting. 

The  genus  was  originally  regarded  by  Dr.  Leidy  as  allied  to  Swathe- 
rium^  and  therefore  ruminant ;  he  also  supposed  that  it  possessed  a 
proboscis  ^'  as  iu  the  tapir."  The  latter  proposition^  has  mndi  in  its 
favor,  especially  as  the  affinities  of  the  genus  are  evidently  with  the 
Probosddia. 

Megagebatops  colobadoensis,  Leidy, 

Megaeerops  coloradoemgig,  Leidy,  L  o. 

The  part  of  this  species  preserved  indicates  an  animal  of  the  size  of 
the  largest  Unitatheria.  The  nasal  bones  are  co-ossified,  and  the  horn- 
cores  are  sub  cylindric,  obtuse,  and  about  two  inches  in  length.  They 
are  situated  above  a  point  a  little  behind  the  anterior  nares. 

BATHMODONTID^. 

As  already  pointed  out,  the  structure  of  the  limbs  and  feet  in  this  sub- 
order is  as  in  the  order  generally,  and  the  scapula  has  the  same  form  in 
general.  The  symphysis  mandibuli  is  furnished  with  teeth,  and  forms  a 
long  solid  spout.  The  astragalus  has  a  very  peculiar  form,  being  even 
more  exceptional  than  in  Uintatherium.  The  superior  QiXtvsv3\»s^  ^mtI^w^ 
is  flat  or  concave  in  the  middle.    ItistuineOL  m^acCivcLtos^X*^^  >^^ 
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articalar  faco  for  the  iDner  malleolus,  terminatiQg  in  a  long  point.  The 
cuboid  articular  face  is  quite  small  and  sublatend,  and  oessile  like  the 
navicular.  Ihe  fibular  facet  is  extensive,  and  the  internal  lateral  well 
marked. 

On  the  other  hand  the  coracoid  process  is  produced  into  a  curved 
hook,  and  is  thus  more  largely  developed  than  in  other  Proboscidians 
or  Perissodactyles.  The  neck  is  longer  than  in  the  other  Proboscidians, 
and  the  parietal  bones  appear  to  be  narrowed  by  the  approximation  of 
the  temporal  fossa,  as  in  the  Rhinoceros.  Almost  nothing,  however,  is 
known  of  the  structure  of  the  skull. 

The  genera  are  two,  as  follows : 

Penultimate  molar  unlike  the  last,  with  external  cres- 
cent and  embracing  ledge Baikmodan. 

Three  molars  alike,  with  two  transverse  crests  not  meet- 
ing within MetaJophodon. 

BATHMODON,  Cope. 

Proceedings  American  Philoeophical  Society,  1872^  p.  417. 

This  genus  was  originally  chiefly  distinguished  by  the  dentition  ;  at 
present  many  other  important  peculiarities  are  added.  First,  as  regards 
the  molar  teeth ;  the  two  transverse  crests  I  find  to  be  separated  (not 
united)  at  their  inner  extremities,  by  a  narrow  fissure.  The  anterior  is 
much  the  longer,  and  is  curved }  its  anterior  wall  slopes  steeply  down 
to  the  narrow  cingulum.  The  posterior  is  short  and  straight,  and  bears 
a  crest    The  numbers  are  I.  3 ;  C.  1 ;  P.  M.  4^  M.  ?  3. 

The  entire  mandible  presents  the  following  dentition:  I.  3;  G.  1;  P. 
M.  4 ;  M.  3.  The  incisors  radiate  around  the  narrow  extremity  of  the 
trough  like  symphysis,  and  have  transversely  expanded  crowns.  The 
canine  is  inclined  forward,  and  forms  part  of  the  same  series.  Its  crown 
is  triang^ular  in  section,  the  outer  face  convex.  In  the  males  it  was 
enormously  enlarged,  as  indicated  by  a  symphysis  in  my  possession. 
The  anterior  premolar  approached  the  canine.  The  former  teeth  have 
an  external  chevron  directed  inward,  whose  extero-superior  surface  of 
enamel  is  acute  cordate.  Besides  this  is  a  little  longitudinal  ridge, 
which  represents  another  chevron  of  the  true  molars.  On  the  first  of 
the  latter,  both  chevrons  are  developed,  the  posterior  the  least,  both 
with  their  anterior  ridge  boundaries  lowered;  they  sink  entirely  on  the 
last  two  molars,  which  become  thus  two-crested,  as  in  those  of  some 
Tapiroids  and  the  i)remolars  of  Dinotherium, 

The  sternal  segments  are  cyliudric;  in  one  the  articulations  for  the 
hoimpopliyses  project  laterally,  giving  the  piece  a  T-shaped  form.  The 
atlas  has  a  flat  diaparapo^xliysis,  presenting  its  edges  fore  and  aft;  the 
arterial  canal  traverses  it  obliquely.  The  coracoid  is  double,  having  a 
tuberosity  on  the  edge  of  the  glenoid  cavity,  and  a  prominent  hook  just 
outside  of  it.  The  lumbar  vertebrae  are  quite  short.  The  cuneiform 
bone  is  narrow  pyriform,  with  two  triangular  facets  on  one  side,  the 
smaller  being  sublateral ;  and  one  twisted  over  the  other.  The  ungueal 
I)halanges  are  very  short,  somewhat  flattened,  and  with  the  terminal 
l)ortion  transverse  and  rugose  as  in  some  toes  of  Elephas, 

In   the  remains  i)ertaining  to  this  genus  obtained   by  Dr.  Hayden, 
there  are  numerous  individuals  of  apparently  three  species.    Two  of 
these  are  larger  and  one  smaller,  the  latter  in  part  indicated  by  an  indi- 
vidual without  epiphyses  on  the  lumbar  vertebrae.    It  presents  marked 
difference  in  the  form  ot  th^  astragalus  atlas,  scapula,  &c. 


GEOLOGICAL  SURVEY  OF  THE  TEBBITOBIES.       587 

a    Lar^r  species : 
Astragalus  everted  in  front;  nearly  as  wide  as  long; 

lower  premolars  narrower,  more  elevated,  and  rugose.  .B.  radians. 
Lower  premolar  broad,  lower,  and  smooth B.  semioiHctuB. 

aa    Smaller  species : 
Astragalus  mnch  wider  than  long,  decnrved  in  front B.  loMpes. 

Bathmodon  radians,  Cope. 

Proceedings  Americao  Pbilosopbical  Society.  1872,  (February  16,)  p.  418.    Hayden's 

Geological  Survey  of  Montana,  1871,  p.  350. 

In  addition  to  the  characters  akeady  assigned  to  these  species  as  above 
cited,  I  add  the  following : 

The  apex  of  the  scapula  is  a  massive  flattened  acnmiuation  with  tmn- 
cate  extremity.  The  spine  is  elevated  and  truncate  next  the  glenoid 
cavity,  which  is  a  wide  oval,  much  produced  at  the  coracoid  margin^ 
The  transverse  process  of  the  ailas  is  rounded  distally,  and  is  about  as 
loug  as  wide ;  the  surface  for  the  axis  is  directed  obliquely  inward.  The 
fibula  has  the  inner  sharp  edge  prolonged  to  the  proximal  end;  the  form 
of  the  latter  is  much  as  in  Eobasileus.  The  astragalus  is  slightly  concave 
in  both  directions  on  the  trochlear  face,  most  so  antero-posteriorly.  The 
anterior  outline  of  the  same  is  strongly  and  obliquely  convex,  and  the 
surface  is  produced  sideways  into  a  latero-anterior  apex.  The  inner 
malleolar  border  is  thus  very  concave;  the  outer  is  gently  convex  with 
a  long  fibular  facet.  The  posterior  margin  concave,  the  inner  tuberosity 
prominent.  The  navicular  facet  is  as  broad  as  long,  and  nearly  sessile, 
being  probably  separated  by  a  groove  from  the  tibial.  The  cuboid  facet 
is  subround,  small,  and  snblateral ;  the  calcaneal  situated  diagonally 
opposite  each  other.  The  antero  internal  is  twice  as  large  as  the  other, 
is  transverse  and  truncate  internally  by  a  facet  near  the  apex,  at  right 
angles.    The  other  calcaneal  facet  is  subround. 

.    Measurements. 

M. 

Length  ramns  maudibnli  to  anterior  margin  of  coronoid  process 0. 310 

Length  premolars  and  molars 218 

Length  last  molar  crown 040 

Width  last  molar  crown..... 030 

Width  Inst  premolar  crown 018 

Length  last  premolar A 025 

Width  symphysis  at  canines 045 

Diameter  camnes  $ 028 

Diameter  canines  $ 023 

Length  exposed  portion  incisor  2 026 

Width  crown  incisor  2 .' 0245 

Length  diapophysis  atlas '<. 047 

Width  diapophysis  atlas 056 

Width  facet  lor  axis 053 

Width  glenoid  cavity  scapula,  (straight) 086 

Length  coracoid  from  inner  basis 045 

Length  proximal  articnlation  fibula 027 

Length  distal  articulation  fibnla 042 

Diameter  shaft  fibnla .* 042 

Total  length  astragalus,  (fore  and  aft) 072 

Total  width  astragalus 065 

Len  gt  h  na  v  icnl  ar  meet 045 

Width  navicular  facet 034 

Width  cuboid  facet 025 

Length  onboid  facet ,..» 023 

Length  anterior  calcaneal  facet 040 

Width  anterior  calcaneal  ..do 024 

Length  x>o8terior calcaneal.. do • ^^f^ 

Length  fibular, do.,  .(axial) ••• -^^^^ 
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The  teeth  are  slightly  rugose,  and  the  inferior  caniQes  show  a  tendency 
to  imitate  the  form  of  the  incisors  in  a  slight  basal  angular  expansion  of 
the  crown.  This  forms  an  approximation  to  the  tapirs.  The  middle 
X>air  of  incisors  is  directed  outward,  is  the  smallest,  and,  like  all  the 
others,  has  the  roots  much  exposed. 

This  species  was  originally  described  from  teeth  of  the  upper  jaw.  I 
have  since  obtained  the  entire  mandible  (except  the  angles)  taken  out 
at  the  same  place  and  near  the  same  time.  The  size,  color,  &c.,  would 
indicate  that  they  belong  to  the  same  individual.  Accompanying  the 
first  specimens  were  many  bones  of  individuals  of  different  sizes,  which  I 
learn  from  the  finder  were  all  taken  from  within  a  short  distance  of  each 
other.  Many  of  them  belong  to  the  same  species,  as  the  jaws  and  teeth, 
and  I  have  described  as  such  those  that  relate  properly  to  them  as  to 
size,  mineral  appearance,  &c. 

The  smaller  specimens  belong  also  to  several  individuals,  and  possibly 
to  more  than  one  species.  I  describe  them  together,  but  regard  the 
astragalus  as  the  primmly  distinctive  bone. 

Bathmodon  semicingtus,  Cope. 

Proceedings  American  Philofiophical  Society,  1872,  p.  420.    Loxolqphodan  MiniciiictaM, 

CopeL  c 

The  tooth  on  which  this  si)ecie8  was  based  shows  a  nearrelation  to  the 
corresponding  one  of  B.  radians. 

Bathmodon  latipss,  Ckupe. 

Proceedings  American  Philosophical  Societji  1673,.Harch. 

Established  on  atlas  axis,  dorsal  and  lumbar  vertebraB,  scapula,  hume- 
rus, phalauge,  femur,  astragali,  &c.,  of  a  specimen  found  with  the  jB. 
f:adian8. 

The  transverse  process  of  the  atlas  is  stouter  and  less  flattened  at  the 
base  than  in  B.  radians.  The  axis  is  but  little  oblique,  aud  has  a  low, 
obtuse  hypapophysis  below.  Its  form  is  much  as  in  the  larger  species, 
being  rather  elongate,  but  shorter  than  in  Rhinocerus  and  other  Perisso- 
dactyles.  The  dorsals  and  lumbars  are  short  and  plane ;  the  former  are 
obtusely,  the  latter  acutely,  keeled  below.  The  head  of  the  femur  has 
no  ligamentous  fossa.  The  astragalus  is  considerably  broader  than  long, 
the  apex  turned  outward  in  front  of  the  inner  malleolus,  being  e8i>eciall3'^ 
produced.  The  tibial  face  is  concave  transversely,  and  convex  antero- 
posteriorly  at  the  front,  plane  behind.  There  is  a  posterior  submarginal 
foramen,  which  is  not  bridged  over  in  one  specimen,  producing  a  deep 
notch.  The  navicular  facet  has  considerable  transverse  extent,  aud  the 
anterior  side  of  the  bone  is  more  transverse  than  in  B.  radians.  The 
calcaneal  facets  are  diagonally  opposite  to  each  other ;  the  outer  is  sub- 
round,  the  inner  anterior  narrow  and  transverse.  It  differs  in  the  two 
specimens,  the  perforating  foramen  not  being  bridged  over  in  the  one 
(the  type)  with  the  similar  posterior  interruption  described  above.  This 
may  be  due  to  fracture.  The  only  ungueal  phalange  has  the  articular 
face  not  quite  sessile  on  the  transverse  rugose  free  extremity. 

Measurements. 

Diameter  diapophysis  atlas^  (fore  and  aft) 0.036 

Diameter  axial  facet  of  atlas .OM 

Diameter  centrum  axis,  (transverse) 080 

Dijuuater  centrum  asis>  Cvurlical^ 0^7 
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M. 

LeD^h  centmm  axis  to  odontoid 057 

Width  neural  canal  do 030 

i  foreand  aft 040 

Diameter  of  centmm  of  dorsaU  vertical,  (total) 043 

(  transverse. 059 

Duimeter  neural  arch  of  same  j  1^;^^:::::"::::::::":::::::::-::""  :2i 

(  anterior-posterior 041 

Diameter  centmm   of  lambar<  vertical,  (total) 050 

(  transverse 063 

Diameter  bead  of  femur 060 

Length  astragalus  fore  and  aft 050 

Width  astragalus «. ..     .065 

Length  navicular  facet 049 

Width  navicular  facet 020 

Width  cuboid  facet 018 

Length  cuboid  facet 016 

Width  (foreand  aft)  anterior  calcaneal 018 

Length  posterior  calcaneal  facet 022 

Length  fibular,  (axial) 041 

Length  terminal  phalange 012 

Width  do.  proximally 015 

Width  distally 030 

Diameter  glenoid  cavity  scapula  j  ^;^;^^-;-;;;-^y  '^ 

From  the  beds  of  the  Green  Biver  epoch  uear  Evanston,  Utah,  (now 
Wyoming.) 

METALOPHODON,  Cope. 

Proceedings  American  Philosophical  Society,  1872,  p.  542.    (Published  September  20.) 

In  distinguishing  this  genns  from  Bathmodon,  I  stated  that  the  differ- 
ences  were  in  the  dentition  so  far  as  known ;  i.  6.,  that  the  crests  of  the 
true  molars  are  not  united  internally  and  that  the  premolars  are  two  (not 
three)  crested.  I  would  now  add  to  the  characters,  that  there  are 
three  molars  on  each  side,  with  transverse  crests,  which  do  not  unite  at 
the  apex,  except  in  the  case  of  the  anterior,  when  they  are  slightly  con- 
nected. In  Bathmodon  there  is  but  one  such  tooth,  the  posterior.  The 
inner  or  third  crest  of  the  posterior  premolar  of  that  genus  is  only  a  cin- 
gulum,  and  is  not  probably  a  generic  character. 

METALOPHODON  ABMATTJS,  CopC.     LOC.    cit. 

This  species  is  represented  by  the  greater  part  of  the  dental  series  of 
both  jaws,  which  I  took  from  a  decayed  cranium  myself,  and  can  thus 
be  assurea  of  their  mutual  relations.  ,  One  of  the  true  molars,  at  least, 
belonged  to  the  milk  series,  as  indicated  by  the  unworn  ci*owns  of  the 
successioual  teeth  accompanying.  Some  of  the  premolars  are  but  little 
worn. 

The  incisors  are  well  developed,  those  of  the  premaxillary  subequal  in 
size.  The  crown  has  a  convex  cutting  edge  and  iiat  inner  face.  The 
outer  face  is  convex.  In  some  the  inner  face  is  more  concave,  and  is 
bounded  by  a  cingulum  next  the  root. 

The  premolurs  present  a  single  external  crescent  of  acuminate  outline, 
and  a  smaller,  more  transverse  one,  within.  A  cingulum  bounds  the 
crown  fore  and  aft,  but  is  wanting  at  both  base  and  apex  of  the  triangu- 
lar base.  In  the  more  posterior  the  crescent  is  more  open«  and  the 
crown  less  transverse. 

The  molars  present  an  increase  in  transvetae  ext^iit  o'l  >3i\^  ^-xXftm^ 
crescent,  and  the  interior  one  is  wanting,    lu  th^  po«X«not  Vno  \Xx^^  «sx.- 
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terior  ridge  carves  round  at  tbe  apex  of  tbe  <,  but  is  separated  by  a  con- 
siderable interruption  from  tbe  posterior.  Tbelatterissbortened^and ter- 
minates exten)allyin  a  conic  tubercle,  wbich  approaches  the  outer  extrem- 
ity of  tbe  anterior  ridge.  In  tbe  last  molar  tbe  posterior  ridge  is  shorter, 
nearly  straight,  terminating  at  a  cone  at  each  extremity. 

Tbe  cayiine  is  damaged,  but  was  of  large  size,  amounting  in  one  or  the 
other  of  the  jaws  to  a  tusk.  The  probably  superior  is  compressed,  with 
acute  edges.  Tbe  inner  face  gently  convex,  the  outer  more  strongly  so, 
with  an  acute  ridge  on  its  anterior  convexity,  inclosing  an  open  groove, 
with  the  interior  cutting  edge.  This  surface  of  the  dentine,  when  ex- 
posed, has  a  transversely  wrinkled  character,  but  no  trace  of  "  engine- 
turning'^  in  the  fractures. 

In  the  mandibhj  premolar  and  molar  teeth  are  recognizable ;  the  char- 
acter of  tbe  incisors  remaining  uncertain.  As  usual  in  the  ungulates 
they  possess  a  relatively  smaller  transverse  diameter  than  do  the  cor- 
responding teeth  of  the  maxillary.  They  change  very  materially  in 
form  from  the  front  to  the  terminus  of  the  series,  and,  in  connection 
with  the  superior  molars,  are  very  instructive  as  to  the  generic  connec- 
tion of  different  types  of  dentition. 

Tbe  peculiarity  of  the  'premolars  consists  in  the  fact  that,  besides  the 
single  external  crescent  exhibited  by  those  of  the  upper  jaw,  they  have 
a  rudimental  second  one  in  tbe  position  it  should  occupy  in  corresi)ond- 
iug  teeth  of  Palseosyops.  The  inner  border  of  the  crown  is  convex,  and 
extends  from  apex  to  apex  of  tbe  crescents.  There  are  no  cingula  to 
these  teeth.  The  rudimental  crescent  diminishes  anteriorly,  its  angle 
becoming  first  obtuse,  and  then  disappearing.  Posteriorly  the  reverse 
process  takes  place,  and  proportions  increase.  But  in  the  last  molars 
they  do  not  assume  tbe  proportions  seen  in  Palceotherium  and  allied 
forms.  They  increase  in  the  elevation  of  corresponding  ridges  of  the 
crescents  and  decrease  in  the  others,  so  that  the  resultant  form  is  nearly 
like  that  of  DinotUerhim  or  i)erhaps  Lophiodon,  The  outer  ridge  of  one 
crescent  appears  as  a  cingulum,  which  sinks  to  tbe  base  of  the  crown 
from  the  apex.  This  is  rudimental  in  tbe  genera  just  mentioned.  The 
corresponding  bounding  ridge  of  the  other  crescent  is  reduced  to  a  ru- 
diment extending  diagonally  across  the  valley  between  tbe  remaining 
crests,  as  is  seen  in  not  a  few  genera  of  the  Eocene. 

Measxireinenia  of  the  teeth. 

Total  lengt  h  of  superior  incisor , 057 

I^ouj^th  crown  (inner  face)  superior  incisor 015 

Width  crown  (obli<ine)  superior  incisor 020 

Width  crown  (ohlique)  inferior  incisor 0*^ 

Length  crown  (inner  face)  superior  incisor 018 

Width  canine  .(K^)  from  tip 0-JO 

Widtli  poKt4?rior  molar 03i> 

Length  posterior  molar 02S 

KU^vation  posterior  crest  do 010 

Widt h  anterior  ti'ue  molar 0;i5 

Width  premolar (fcW 

Length  pre?nolar t>215 

Length  premolar,  (first) OIC 

Width  premolar,  (lirst) 00^ 

I-icngth  premolar,  (inferior) OiM 

Width  premolar,  (inferior) O*^ 

Width  penultimate  lower  molar : {fXi 

Length  penultimate  lower  molar 037 

In  comparison  with  Bathmodon  semieinctns,  Cope,  the  crowns  of  the 
premolars  are  of  simWat  m^,  bwt  more  elevated. 
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This  large  aogalate  was  found  in  a  stratam  below  those  of  the  Green 
Biver  group  of  Hayden,  or  in  the  lower  beds  of  that  series,  near  Black 
ButteSi  Wyoming. 

It  is  not  certain  that  the  last-named  species  of  Bathmodon  does  not  be- 
long to  this  genus.  All  three  are  distinct  from  the  Jf.  armatus^  the  latter, 
though  young,  being  considerably  larger  than  BatiiTnodon  Udtipes. 

PEBISSODACTYLA. 
PALiEOSTOPS.  Leidy. 

Hayden's  Geological  Survey  of  Montana,  1671,  page  358 ;  (f )  Prooeedings  Academy 
Natural  Sciences,  Philadelphia,  1871,  p.  118.  Limnohifus  Marsh,  American  JournsJ 
Science  and  Arts,  1872,  p.  124. 

This  genus  has  been  partially  described  by  Professor  Leidy,  and  much 
light  is  thrown  on  its  structure  by  the  materials  obtained  by  the  survey 
of  1872.  As  pointed  out  by  Leidy,  this  genus  differs  from  Palceoiherium 
in  the  isolation  of  the  internal  cones  of  the  sux)erior  molars  from  the  ex- 
ternal longitudiual  crescentoid  crests,  and  in  the  presence  of  but  one 
inner  tubercle  on  the  last  three  premolars  instead  of  two.  There  is  but 
one  internal  cone  on  the  last  superior  molar.  Kumber  L  3,  0. 1,  P.  M. 
4,  M.  3.  Number  of  inferior  molars  similar;  true  molars,  with  four 
acute  tubercles  alternating  in  pairs  and  connected  by  oblique  crests, 
which  thus  form  two  V's,  with  their  apices  exterior.  The  last  molar 
adds  a  fifth  posterior  tubercle.  The  last  premolar  lacks  the  posterior 
inner  tubercle.  The  second  and  third  have  but  one,  the  outer  series 
of  tubercles, — and  the  first  is  compressed.  The  canines  are  separated 
by  a  slight  interval  from  the  premolars,  and  are  in  continuity  with  the 
incisors. 

The  dental  characters  are  generically  identical  with  those  of  TitaTW- 
therium^  Leidy,  which  must  be  refeiTcd  to  the  PeriaaodactylUj  and  not  to 
the  Artiodactyla^  as  left  by  Leidy  in  the  "  Extinct  Mammalian  Fauna  of 
Dakota  and  Nebraska,^  though  originally  referred  by  him  to  this  order. 

The  species  originally  named  by  Leidy  Pakeosyopa  paludosus  belongs 
to  the  succeeding  genus,  lAmnohyus^  Leidy.  He  afterward  included 
species  of  the  present  genus  in  it,  and  in  so  doing  first  characterized  the 
genus.  Hence  I  agree  with  him  in  retaining  the  generic  name  for  the 
latter,  and  not  the  former,  as  is  done  by  Marsh.  The  original  form  was 
not  characterized  generically,  a  brief  specific  description  only  being 
given. 

Pal^osyops  l^videns.  Cope. 

lAmnohyvs  Itsmdens,  Cope;  Proceedings  American  Philosophical  Society^  1873;  pub- 
lished January  31.  Valcposyops  paluaosus,  Leidy ;  Haydeirs  Survey  of  Montana,  1871, 
p.  359,  not  Proceedings  Academy  Natural  Sciences,  Philadelphia,  1870,  p.  113. 

A  species  about  the  size  of  the  Anaplotherium  commune^  Cuv.,  and  inter- 
mediate between  the  PaUeotherium  magnum  and  P.  medium.  It  is  con- 
siderably larger  than  the  existing  tapirs,  and  was  one  of  the  most 
abundant  of  the  quadrupeds  of  the  Eocene  of  North  America. 

It  is  chiefly  represented  by  a  nearly  complete  cranium  with  dentition, 
from  Bitter  Creek,  and  a  cranium  lacking  the  posterior  part  of  one  side 
and  the  lower  jaw,  from  Cottonwood  Creek.  The  molars  have  the  gen- 
eral form  of  those  of  L.  robustus,  but  the  second  superior  premolar  has 
but  one  outer  tubercle.  The  cingula  are  much  less  developed  than  in 
that  species;  those  between  the  inner  cones  of  the  molaK^Vi^\w%«^xX^^^ 
absent.    These  cones  are  low,  and,  with  the  teat  oi  Wi^  ^-wy^u^  vsH  viJ\>iX^^ 
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teeth,  covered  with  smooth  and  shining  enamel.  The  anterior  median 
small  tubercle  of  the  first  true  molar  is  wanting.  The  last  tme  molar 
has  but  one  interior  cone. 

The  canine  tooth  is  powerful  and  bear-like;  the  outer  incisor  is  the 
largest.  The  premaxillary  bones  are  short,  and  the  side  of  the  fiice 
elevated  and  plane  to  the  convex  nasal  bones.  The  nasal  bones  are 
long,  narrow,  and  convex.    Zygomatic  arch  massive. 

Measurements. 

M. 

Length  molar  series,  (No.  1) 0.140 

Length  true  molars 085 

Length  three  incisors 034 

Length  crown  canine : 0:JO 

Length  crown  last  molar 039 

Witltli  crown  last  molar 036 

Length  cranium  to  occipital  crest 345 

Length  true  molars,  (No.  2) 101 

Length  last  molars,  (No.  2,)  (ohliqne) 039 

Width  last  molars,  (No.  2,)  (transverse) 038 

PaLwEOSyops  major,  Leidy. 

Survey  of  Wyoming,  1671,  p.  359.    Limnohyus  robustuSf  Marsh,  Amer.  Joum.  Science 

and  Art«,  li:^2,  p.  124. 

Numerous  specimens  from  Cottonwood  Creek,  Black's  Fork,  Bitter 

Creek,  &c. 

Pal^ostops  vallidens,  Cope. 

Proceed.  Amer.  Philos.  Society,  1872,  p.  487,  published  Angnst  22, 1872. 

Represented  by  the  dentition  of  one  maxillary  bone  with  other  bones 
of  one  iiulividual;  a  portion  of  the  same  dentition  of  a  second;  with 
both  rami  of  the  mandible,  with  complete  dentition,  of  a  third.  The  spe- 
cies is  distinguished  by  the  details  of  the  dental  structure,  and  by  the 
superior  size.  It  exceeds,  in  this  respect,  the  Palceosyaps  majors  Leidy ; 
while  the  three  posterior  lower  molars  measure  4.25  inches  in  length, 
the  same  teeth  of  the  present  animal  measure  5  inches.  The  last 
superior  molar  of  another  specimen  measures  2  inches  in  length  ;  in  the 
third  the  tirst  true  molar  is  1.5  inch  in  length,  while  the  last  inferior 
molar  is  2.25  inches  long.  The  peculiarity  in  the  structure  of  the  supe- 
rior molars  consists  in  the  existence  of  two  strong  transverse  ridges, 
which  connect  the  inner  tubercle  with  the  outer  crescents,  inclosing  a 
pit  between  them.  These  are  most  marked  on  the  premolars,  where 
also  is  found  the  peculiarity  of  the  almost  entire  fusion  of  the  outer 
crescents  into  a  single  ridge.  These  united  crescents  are  narrower  than 
iu  P.  major^  and  the  summits  of  all  the  crescents  are  relatively  more 
elevated.  The  number  of  inner  tubercles  is  the  same  as  in  that  species  j 
all  the  teeth  have  very  strong  basal  cingula,  which  rise  up  on  the  inner 
tubercle.  The  inferior  molars  are  relatively  narrower  than  in  P.  major,^ 
and  the  posterior  tubercle  of  the  last  is  larger  and  longer,  and  is  ao 
elevated  cone.  The  inner  tubercles  in  all  the  lower  molars  have  broader 
bases  and  less  acumination. 

The  bones  containing  the  maxillary  and  mandibular  teeth  were  not 
found  together  in  any  instance,  so  that  it  is  possible  that  the  different 
series  may  represent  different  species.  Ko  other  species  of  the  genus 
was,  however,  found  in  the  localities  to  which  the  respective  parts  could 
be  referred.  Should  these  prove  not  to  pertain  together,  the  lower  jaws 
may  be  regarded  as  ty\>\v*A\\  o^  \\\e  ^v^v\^%. 
Found  in  the  Mam\uol\vP>v\Xt^^,OAx'^^x\W\^\\v^\V:,\^^. 
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LIMNOHYDS,  Leidy. 

ProceediDgB  Academy  Nfttnial  Seiences,  Philadelphia,  1873,  p.  242,  Palaoiffopef  Harsh, 

Amer.  Joum.  8oL  Arts,  1872,  p.  122,  not  of  Leidy,  lti71. 

Tbis  genns  only  diflPers  fpom  the  last  in  poesessiDg  two  conic  tubercles 
of  the  inner  series  on  the  last  saperior  molar,  inst^Ml  of  one,  a  charac- 
ter first  pointed  out  by  Marsh. 

LlMNOHYTJS  PALTTDOSXJS,  Leidy. 

Proceedings  Academy  of  Natural  Sciences,  Phialdelphia,  1970,  p.  113,  not  of  later 

descriptions. 

My  expedition  did  not  obtain  any  specimens  which  I  can  as  yet  certain- 
ly refer  to  this  species.  The  measarements  given  by  Professor  Marsh  for 
his  Palwosyops  laiiceps  approach  very  nearly  to  this  one.  Thus  tlie 
width  of  the  crown  of  the  last  superior  molar  is  M.  .038;  in  P.  laticeps 
.040 ;  in  L.  diacanuSy  Cope,  it  is  .047. 

LiMNOHYUS  DIACONTJS,  Cope. 

PalcBOifope  dtocoxiM,  Cope,  on  some  Eocene  Mammali  obtained  by  Hayden's  Geological 

Survey  of  1872, 1873,  p.  4. 

The  species  is  as  large  as  the  PalcBosyops  mc^or  of  Leidy,  but  differs 
in  the  relative  proportions  of  the  teeth.  Thus  the  last  three  molars  have 
the  same  antero-posterior  length,  while  the  space  occupied  by  four  pre- 
molars is  shorter.  The  anterior  and  posterior  cingula  of  the  true  molars 
are  very  strong,  but  it  is  not  well  marked  on  the  inner  side  between  the 
cones.  The  latter  are  acutely  conic,  and  the  median  anterior  tubercle 
is '  strongly  deyeldped.  Although  the  wearing  of  the  teeth  indicates 
maturity,  the  enamel  is  .coarsely  and  obtuj^ely.  rugose.  The  fourth  pre- 
molar differs  from  that  of  L.  major  in  its  smaller  size  relatively  and 
absolutely,  and  in  the  presence  of  a  prominent  vertical  tubercle  on  the 
outer  face,  rising  to  the  angle  of  the  deep  notch  between  the  lobes.  The 
third  premolar  is  as  wide  as  the  fourth,  and  about  as  large  as  the  cor- 
responding tooth  in  L,  majoTj  but  different  from  it  in  the  absence  of 
tubercle  and  ridge  that  mark  its  external  face.  The  first  premolar  has 
two  ix)ot«,  and  the  canine  is  large  and  stout. 

This  large  Paloeotheroid  is  represented  by  parts  of  the  two  maxillary 
bones,  which  present  the  crowns  of  the  third  and  fourth  premolars,  and 
of  the  second  and  third  true  molars,  with  the  bases  of  the  other  molars 
and  premolars. 

Measurements, 

M. 

Length  of  entire  molar  series 0. 1710 

Length  of  true  molars 1060 

Length  of  last  molar,  (crown) 04*20 

Width  of  last  molar,  (crown) 0473 

Length  second  molar 0:^>0 

Length  fourth  premolar 0260 

Width  fourth  premolar 02G0 

Width  third  premolar 0*200 

Length  third  premolar 0200 

Diameter  of  basis  of  canine 0263 

The  L.  paludesusj  Leidy,  is  similar  to  this  species  in  the  rugosity  of  the 
enamel  of  its  teeth,  but  appears  by  the  measurements  to  be  distinctly 
smaller,  so  as  to  relate  to  it  about  as  to  P.  major, 

38  G  s 
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In  comparison  with  Marsh's  description  of  his  P.  latioepSj  the  measnre- 
ments  are  all  larger,  and  the  enamel  isas  rugose  as  in  L.  tito^r, instead  of 
smooth.  The  shortening  of  the  premolar  series  is  greater  in  P.  diaconw  ; 
til  us  in  P.  laticeps  the  two  sets  of  molars  are  related  as  49  mm.  to  61 ; 
in  the  present  one,  as  106 :  65 ;  were  the  proportions  similar,  the  length 
of  the  premolar  series  should  be  69  mm. 

From  Henry's  Fork  of  Green  River. 

LiMNOHYUS  FONTINALIS,  Oope. 

FaJaosyops  fontinalis,  Copo;  Proceedings  of  Amerioaa  Philosophical  Society,  1873, 

January  31. 

The  smallest  of  the  tapiroids  of  this  series,  being  about  the  size  of  a 
dog.  It  is  represented  especially  by  a  considerable  part  of  the  cranium 
of  an  individual  in  which  the  last  superior  molar  is  not  quite  protrud^^ 
but  with  the  other  molars  and  last  premolar  of  the  permanent  deutiticMi 
in  place.  The  enamel  of  these  teeth  is  in  accordance  wiUi  the  age,  deli- 
cately rugose,  and  while  the  cingulum  is  present  fore  and  aft,  it  is  want- 
ing internally  and  externally.  The  anterior  median  tubercle  is  present 
on  all  the  true  molars,  and  the  bases  of  the  acute  inner  cones  are  in 
contact.  The  sagittal  crest  is  truncate,  and  the  squamosal  portion  of 
the  zygoma  very  stout.  The  nasal  bones  are  together  very  convex  in 
transverse  section. 

Measurements. 

Lenpfth  of  true  molar  series,  (2.75  inches) 0.067 

Length  of  last  molar 025 

Width  of  last  molac 026 

Length  of  penultimate  molar 026 

Length  of  penultimate  molar 086 

Depth  squamosal  process 025 

Found  by  the  writer  on  a  bluff  on  Green  Eiver,  near  the  mouth  of  the 
Big  Sandy,  Wyoming. 

HYRACHYUS,  Leidy. 

Geological  Survey  of  Montana^  1871,  p.  360. 

This  genus  was  originally  described  by  Leidy  from  portions  of  skele- 
tons of  individuals  from  the  Eocene  Tertiary  of  Wyoming.  He  recognized 
it  as  related  to  the  Lophiodon  of  Cuvier  in  dentition,  and  as  sharing  with 
characters  of  that  Eocene  genus  peculiarities  which  belong  to  the  exist- 
ing genus  Taplrus. 

Ilaving  obtained  a  largo  series  of  remains  of  this  genus,  including 
more  or  less  numerous  portions  of  six  species  with  nearly  complete 
skeleton  of  H.  eximius,  Leidy,  I  propose  to  give  such  an  account  of  its 
osteology  as  will  place  its  relations  on  a  certain  basis. 

The  characters  which  distinguish  its  dentition  from  those  of  the  allied 
geneia  are  as  follows : 

Tapirus^  Briss.  Lower  jaic  :  Third  molar  two-crested ;  three  premolars, 
the  third  and  fourth  with  two  transverse  crests.  Upper  jmc :  Seven 
molars,  first  with  an  inner  heel  tubercle;  other  premolars  with  two 
transverse  crests.  • 

Eyrachyns,  Leidy.  Loiccrjaw :  Third  molar  with  two  crests ;  four  pre- 
molars, third  and  fourth  with  one  transverse  and  one  longitudinal  crest. 
Upper  jaw  :  {Seven  molars,  first  without  interior  heel;  premolars  with 
two  transverse  crests. 
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LophiodoHj  Cuvier.  Lotver  jaw :  Third  molar  with  three  cross- crests ; 
premolars  three,  Nos.  2  and  3  with  longitadinal  crests.  Upper  jaw :  Pre- 
molars with  longitudinal  crest  only,  No.  4  with  two  transverse  crests. 
Upper  jaw  :  Premolars  with  only  one  transverse  crest. 

lu  HyracHtyus  the  nasal  bones  are  elongate,  and  unite  with  the  maxil- 
laries  anterior  to  the  orbit ;  in  R,  eximim  above  the  foramen  infrororbitale 
exterius  ;  in  Tapinis  those  bones  are  much  shortened,  and  either  do  not 
unite  with  the  maxillaries  or  join  them  and  the  frontals  above  the  orbit 
at  different  points  from  the  anterior  to  the  posterior  borders.  The  tem- 
poral fossae  are  so  extended  as  to  produce  an  elevated  sa^ttal  crest, 
which  is  bifurcate  behind,  each  projection  continuing  along  the  outer 
margin  of  the  occipital  region  as  a  lateral  crest.  The  tympanic  bone  is 
unossified  beneath  the  meatus  auditorius  extemus^  which  is  bounded  in 
front  by  a  strong  postglenoid  process.  Posteriorly  li  is  bounded  by  a  long 
descending  mastoid  process  of  the  squamosal  bone,  nearly  closing  it 
below.  This  is  bounded  posteriorly  by  a  long  and  stout  paramastoid 
process,  which  is  compressed  from  before  backward  and  curves  back- 
ward and  inward.  The  foramen  magnum  has  prominent  superolateral 
margins  which  are  nearly  straight,  and  unite  at  a  right  angle  above. 

The  dentition  is  thus:  I.  f ;  O.  i ;  P.  M.  | ;  M.  f ;  a  considerable  dia- 
stema separates  the  premolars  and  the  canine. 

In  the  species  studied,  the  vertebrae  are  divided  as  follows :  0.  7 ;  D. 
18 ;  L.  7 ;  S.  5 ;  C.  (?).  Of  the  cervicals  the  seventh  only  is  not  pierced 
by  the  arterial  canal.    The  atlas  has  a  broad  flat  **tranverse'^  process. 

The  digits  are  4 — 3 ;  the  third  with  a  symmetrical  hoof,  those  of  the 
exterior  digits  halved  ;  the  former  have  two  reverted  proximal  processes, 
the  latter  one.  The  astragalus  exhibits  a  deeply  grooved  and  extensive 
trochlear  arc,  with  rather  long  neck,  which  has  a  greater  facet  for  the 
astragalus,  a  lesser  for  the  cuboid  bone. 

From  the  above  it  is  evident  that  this  genus  is  nearly  allied  to  Tapi- 
ru8  and  cannot  be  removed  to  another  family.  Professor  Leidy  states 
that  the  premolars  differ  from  those  of  Tapirus  in  having  ^'  but  one  in- 
ner lobe  connected  with  the  exteral  crest  by  two  transverse  crests."  The 
appearance  of  one  lobe  is  produced  by  the  posterior  curvature  of  the 
anterior  transverse  crest  round  the  inner  extremity  of  the  posterior 
crest. 

I  now  proceed  to  describe  the  skeleton  more  exactly* 

Hyrachyus  prtnceps,  Marsh. 

Araer.  Jonr.  Sci.  and  Arts,  1872,  p.  125. 

Prom  South  Bitter  Creek. 

HYRACHYtrs  EXDiius,  Leidy. 

Hayden*8  Geol.  Survey  Montana,  1871,  p.  361. 

Cranivm. — In  the  specimen  to  be  described,  the  anterior  portion  from 
the  glenoid  cavities  is  wanting.  The  sagittal  crest  is  quite  elevated,  and 
the  lateral  occii>ital  quite  prominent,  and  continuous  below  with  the 
superior  margin  of  the  squamosal  portion  of  the  zygoma.  Four  nutri- 
tious foramina  pierce  the  parietal  bone  near  its  middle  and  above  the 
paramastoid  process,  and  two  enter  the  squamosal  above  the  postglenoid 
process.  The  paramastoid  process  approaches  near  the  occipital  condyle 
by  its  posterior  border.  I  cannot  discover  the  sutural  boundaries  of  the 
mastoid  bone,  but  that  separating  the  paramastoid  proc^^^  ixws\.  >5afe 
process  in  front  of  it  is  distinct.    The  condyle  oi  tVi^  mviwvSiWVft  Ha^  \si'aar 


596  GEOLOGICAL   SURVEY   OP  THE  TERRITORIES. 

sive,  and  tbc  posterior  border  of  the  latter  extends  backward  with  a 
slight  obliquity. 

Measurements. 

K. 

Elevation  of  sagittal  crest  above  foramen  magnnm..« 0.045 

Wifltb  of  bifurcation  of  crest  behind ^ 033 

Width  of  occiput  behind  meatus  auditoriuB 070 

Width  between  and  inchisive  of  occipital  condyles 046 

W^idth  temporal  fossa  at  meatus 06O 

Width  meatus  auditorins 012 

Width  condyle  of  mandible 032 

Depth  of  ramus  behind 095 

lu  farther  illastration  of  the  species  I  add  measarements  of  teeth, 
&c.,  from  auother  specimeu  : 

Meaisureinents. 

LeDgth  of  last  two  superior  molars • 0.  U41 

Leujrth  of  last 019 

Width  of  last ^ 022 

Longth  of  inferior  molar  series 096 

-Length  of  premolars 040 

Length  of  last  molar 021 

Width  of  last  molar 013 

Depth  ramus  at  first  true  molar .040 

Vertebrw. — The  atlas  is  deeply  incised  anteriorly  above.    It  is  rather 
short,  and  its  traverse  processes  are  flat,  thin,  about  as  long  as  broad, 
and  with  regular  convex  distal  margin.    The  arterial  foramen  issues 
some  distance  above  and  within  the  notch  which  marks  the  anterior 
base  of  the  transverse  process.    It  enters  at  the  notch  at  the  posterior 
base.    The  neural  arch  is  quite  convex,  and  its  anterior  margin  is  ob- 
tusely rounded.    The  axis  is  near  the  same  length,  and  bears  a  promi- 
nent and  elongate  laminate  neural  spine.    Its  diaparapophysis  is  narrow 
and  overlaps  the  parapophysis  behind  it  three-quarters  of  an  inch ;  it  is 
pierced  for  the  cervical  artery.    The  centra  of  the  third  and  fourth  cer- 
vicals  are  about  equal  in  length  to  that  of  the  axis,  but  tlic  remaining 
ones  shorten  successively  to  the  seventh,  which  maintains  a  length 
somewhat  greater  than  its  width.    The  parapophyses  of  these,  except 
the  seventh,  are  flattened,  and  have  considerable  anteroposterior  extent, 
their  extremities  overlapping.    A  short  and  ratber  narrow  and  stout 
diapophysis  is  present  on  the  sixth  cervical ;  on  the  seventh  it  is  larger, 
esj>ecially  expanded  antero-posteriorly  at  the  base  and  truncate.    Then* 
is  no  parapophysis.    The  fourth,  fifth,  sixth,  and  seventh  have  strongly 
opisthocceiian  centra;  that  of  the  third  is  iujured. 

Meastiremenis. 

M. 
Le:i  irtli  of  the  cervical  sori«.'s , 0. 17; 


) 


]-.o:i»;th  of  atlas,  bot\v(?f]i  articular  laces O-lti 

Ijcii«ith  of  base  transverse  process 0.*>» 

Length  of  transverst'  process {i20 

Diameter  neural  canal  in  tVoiit «>il 

Diameter  of  anterior  expanse (^o'* 

Diameter  of  total  expan>e 0^) 

Longth  axis  alou<;  basis  neural  arch Wl 

Eiovation  crest  (rectan«^ular )  from  posterior  zygapopliysis (K)*' 

Length  parapoi)hysis  oi  iiith  cervical  on  niargm 0.')1 

PIxtent  zygapophyses  of  liftli  cervical  on  margin 04'' 

Expanse  zygapopbyses  of  lifth  cervical  on  margin  behind 044 

Elevation  neural  Hi)ine  of  C.  G iSS^^ 

Elevation  neural  spine  of  C  7 OT.') 

Length  centnim  beloNV  ol*C.7 02^ 

Diameter  of  cup,  about 032 
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The  measurements  indicate  that  the  neural  spines  of  tiie  sixth  and 
seventh  are  quite  elevated,  the  latter  nearly  equal  to  that  of  the  first 
dorsal. 

The  spines  of  the  dorsal  vertebrae  are  elevated  in  the  front  of  the 
series  rising  some  distance  above  the  scapulae.  They  shorten  and  widen ' 
rapidly  firom  the  middle  of  the  series  backward.  The  extremities  of  all 
from  the  scapula  posteriorly  are  turned  forward.  The  metapophyses  are 
conspicuously  elevated  above  the  diapophysis  on  the  eleventh  dorsal, 
and  on  the  eighteenth,  their  elevation  is  about  .4  that  of  the  neural 
spine.  The  diapophysis  is  extended  beyond  the  tubercular  articulation, 
on  the  eighteenth  dorsal ;  the  extension  and  expansion  increa^s  rapidly 
on  the  lumbars.  On  the  fourth  they  are  as  wide  at  the  base  as  .60,  the 
length  of  the  centrum,  and  maintain  their  width,  being  directed  an- 
teriorly. On  the  sixth  and  seventh  they  are  still  wider  and  longer,  and 
very  thin.  They  present  a  projecting  transverse  surface  backward 
one-fourth  the  length  from  the  base  for  articulation  with  the  seventh 
lumbar  and  first  sacral  respectively.  The  centra  of  the  lumbars  are 
depressed  and  slightly  opisthoccelian,  except  the  last,  which  is  flat. 
They  are  contracted  and  keeled  below. 

The  sacrum  is  long  and  narrow,  and  thoroughly  co-ossified  in  the 
Pf)e«imen.  The  diapophysis  of  the  first  and  part  of  that  of  ;the  second 
give  attachment  to  the  ilium.  The  intervertebial  foramina  are  rather 
small. 

Measurements. 

Leogtb  of  dorsal  vertebr®  alon^  middles  of  nearal  spines 0. 420 

Length  of  lambars  do 296 

Length  of  sacrnu  along  centra 170 

Diameter  centrum  firut  dorsal,  (transverse) 019 

Diameter  centrum  first  dorsal,  (vertical) 019 

Diameter  centrum  fift^^h  lumbar,  (vertical) 0:20 

Diameter  centrum  fifth  lumbar,  (transverse) 0:{25 

Length  do 0:^9 

Length  diapophysis  sixth  do 0(>r> 

Greatest  transverse  width  of  diapophysis  sixth  lumbar 030 

Length  centrum  seventh  lumbar OM 

Tiransverse  diameter  centrum  first  sacral.. 0:^6 

Transverse  expanse  diapophyses  do (^ 

Transverse  diameter  end  of  last  sacral 020 

Transverse  diameter  diapophysis  do 043 

Elevation  neural  spine  second  dorsal .095 

Elevation  neural  spine  seventh  dorsal  above  scapula 0*35 

Elevation  neural  spine  eighteenth  dorsal,  (from  arch  behind) 037 

The  ribs  are  long  and  slender,  the  first  but  little  expanded  distall:p 
and  united  with  the  inanubrium  sierni  a  little  behind  its  middle.  They 
number  eighteen,  but  as  the  last  is  quite  long,  there  may  have  been 
another  pair  of  shorter  ones  not  yet  exposed  in  the  matrix. 

Measurements. 

M. 

Length  first 0.118 

Width  first,  distally 018 

I^Ssift^^ScVndbVoke^^^       from  tubercle    \  [[[[i:  :,y:;i:\:::;,::;ZV.     \^^i 

There  are  four  sternal  segments  preserved,  wijh  a  fragment  of  another. 
They  are  distinct,  and  the  first  is  the  largest.  It  is  a  longitudinal  plate, 
placed  on  edge,  with  the  anterior  border  strongly  excavated,    T^x^xvir 
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ferior  luargins  of  the  sacceeding  segments  are  thickened,  bat  the  com- 
pressed form  remains,  the  section  being  triangular. 

The  scapula  is  large  for  the  size  of  the  animal.  It  has  an  approxi- 
mately triangular  form,  the  base  being  superior.  The  posterior  angle  is 
rifjht,  but  the  anterior  regularly  rounded.  The  apex  supports  the  gle- 
noid cavity  on  a  neck  which  is  contracted  by  a  shallow  excavation  of 
the  anterior  margin.  The  latter  is  bounded  next  the  glenoid  cavity  by 
the  short  obtuse  coracoid,  which  stands  a  short  distance  above  the  artic- 
ulation. The  spine  is  long,  rather  elevated,  with  a  regular  convex  border 
curved  backward. 

Measurements* 

Longth  of  tbreesteraal  segmeuto 0. 147 

Length  of  first  Htemal  segment^) 0?4 

Depth  of  first  sternal  segments  lu  front ' 044 

"Width  of  first  sternal  segments  below 004 

Width  of  third  sternal  segments 015 

I-iengtb  of  scapula,  (median) 215 

Width  above,  (greatest) 130 

Width  of  neck 036 

Width  of  glenoid  cavity 035 

Ilumerns, — ^The  head  is  directed  a  little  inside  of  directly  backward. 
The  bicipital  groove  is  very  deep  and  the  inner  tuberosity  large  and 
directed  forward.  The  external  tuberosity  is  much  larger,  as  usual  in 
this  group  of  ungulates,  and  rises  in  a  hook-like  apex  above  the  leyel  of 
the  head.  The  external  bicipital  ridge  is  lateral,  and  not  very  promi- 
nent, extending  on  one-third  the  length  of  the  shaft.  The  shaft  is  mod- 
erately compressed  at  the  middle,  but  transversely  flattened  below.  It 
is  nearly  straight.  The  condyles  are  narrow,  and  the  inner  and  outer 
tuberosities  almost  wanting ;  their  position  marked  by  shallow  concavi- 
ties. The  external  continues  in  a  lateral  crest  which  turns  into  the 
shaft  below  the  lower  third.  The  inner  condyle  is  both  the  widest  and 
most  prominent ;  the  external  has  its  carina  at  its  middle,  and  its  ex- 
ternal trochlear  face  oblique  and  narrow ;  narrowest  behind.  The  ole- 
eranar  and  coronoid  Ibssoi  are  deep  and  i)roduce  a  small  supracondylar 
foramen. 

Tlie  ulna  exhibits  a  large  and  obtuse  olecranon,  concave  on  the  ex- 
ternal face.  Its  glenoid  cavity  is  narrowed  and  elevated  behind ;  in 
front  it  widens,  and  there  the  ulna  receives  the  transverse  proximal  end 
of  the  radius,  which  overhangs  it  on  both  sides,  leaving  the  little  eleva- 
tions of  the  right  and  left  coronoid  processes  about  equal.  The  vertical 
diameters  of  the  shaft  of  the  ulna  are  about  equal  throughout.  Its 
section  is  triangular,  the  base  being  next  the  radius  for  the  proxinial 
third.  Tliis  is  i'ollowed  by  an  edge  next  the  ulna,  and  the  base  of  the 
section  is  on  the  outer  inferior  aspect,  on  account  of  the  direction  of  an 
angle  from  a  short  distance  beyond  the  outer  coronoid  process  to  the 
base  of  the  ulnar  epiphysis,  where  it  disappears.  Distally  there  are 
two  other  very  obtuse  ridges  above  this  one.  The  extremity  bears  two 
facets — the  larger  for  the  cuneiform,  the  smaller  for  the  pisiform  bone. 

The  radiufi  is  throughout  its  length  a  stouter  bone  than  the  ulna  and 
bears  much  the  greater  part  of  the  carpal  articulation,  viz :  with  the 
scaphoid,  lunar,  and  part  of  the  cuneiform  bones.  This  articulation  is 
transverse  to  that  of  the  ulna,  which  is  thus  at  one  side  of  and  behind 
it.  The  head  is  a  transverse  oval  in  section,  the  narrower  end  outward. 
TJ)e  articular  face  consists  of  one  and  a  half  trochlere,  the  latter  wider 
and  internal.    The  sbutt  \s  a  tvausverse  oval  in  section,  with  an  angular 
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ridf e  along  the  middle  externally,  and  the  distal  part  proximally.  A 
broad  groove  marks  the  upper  face  of  the  epiphysis,  where  the  shaft 
had  a  vertical  inner  face. 

Meaisurements. 

M. 

Length  humeins,  (axial) 0.270 

Diunieter  head  to  bicipital  eroove 0:i7 

Length  along  crest  onter  tuberosity,  (about) *  .  052 

Transverse  uiaraeter,  distally 046 

Autero-postcrior  diameter,  iuner  condyle 042 

Width  olecranar  fossa 020 

Length  ulna 260 

Depth  olecranon,  distally (yj7 

Depth  at  coronoid  process 025 

Depth  of  distal  eud 019 

Depth  at  middle  shaft 019 

Length  radius 200 

Width  of  head : 036 

Depth  of  head Oil 

Width  shaft  at  middle 021 

Width  near  distal  end,  (greatest) 037 

Width  distal  articulation 030 

The  elements  of  the  carpus  are  distingnished  for  length,  and  for  re- 
duction of  width.  The  anterior  faces  of  all  are  considerably  longer 
than  broad,  but  the  longest  faces  of  the  cuneiform,  scaphoid,  and  trape- 
zoides  are  anteroposterior.  The  facets  are  as  usual  in  thecarpus;  sca- 
phoid J;  lunar ^ ;  cuneiform  f;  trapezium^ ;  trapezoides  | '  magnum  |; 
unciform  f .  The  cuneiform  has  a  rather  Lshaped  external  face.  The 
pisiform  has  two  proximal  facets  and  is  enlarged  and  thickened  distally ; 
pressed  inward,  it  reaches  the  scaphoid.  The  trapezium  is  a  small 
subdiscoid  bone  with  convex  outer  face.  The  magnum  is  as  broad  as 
deep  in  front,  where  its  surface  is  swollen  :  it  is  produced  behind  into  a 
spatulate  decurved  hook.  The  unciform  nas  a  narrow  sub-acute  hook 
behind,  with  wide  base. 

Measurement. 

M. 

Width  of  carpals  of  first  row  together 0.044 

Widthofluuare,  outer  face 016 

Depth  of  lunare,  outer  face 020 

Depth  uf  cuneiform,  outer  face 020 

Width  of  cuneiform,  outerface 020 

Length  of  pisiform,  outerface.: 030 

Depth  distally,  outer  face 014 

Width  three  carpals  of  second  row 038 

Width  magnum,  outer  face *. 015 

Depth  magnum,  outerface 014 

Depth  unciform,  outer  face 017 

Width  unciform,  outer  face 0;J0 

Length  uuciform,  antero-i»osterior "021 

Length  magnum,  antero-postcrior 029 

Total  length  of  carpals 040 

The  metacarpals  are  quite  slender.  The  first  only  is  wanting ;  the 
third  is  rather  stouter  than  the  others,  while  the  fourth  is  considerably 
the  most  slender.  Its  distal  extremity  is  oblique,  with  prominent  me<liau 
keel,  which  is  wanting  on  the  superior  aspect.  The  proximal  facets  of 
these  bones  are  respectively  (2d)  2,  (3d)  2,  (4th)  1,  (5th)  1.  There  is  a 
short,  shallow  groove  near  the  proximal  end  of  ^o.  3.  The  phalanges 
corresponding  are  lost  in  the  specimen. 


V 
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Medswremenis. 

Length  of  fifth  metacarpal 0.070 

Estimated  length  of  foot 137 

Distal  diameter  of  fifth  metocarpal 012 

Proximal  diameter  of  metacarpal *- 007 

Proximal  diameter  of  fourth  metacarpal 012 

Proximal  diameter  of  third  metacarpal — • .017 

Proximal  diameter  of  second  metacarpal 012 

The  above  are  taken  on  the  articular  faces  transversely. 

The  pelvis  is  perfectly  preserved.  The  ischium  is  but  little  over  half 
as  long  as  the  ilium,  measuring  from  the  middle  of  the  acetabulum.  The 
ilium  is  a  triradiate  bone,  the  sui>erior  or  sacral  plate  rather  shorter  and 
wider  than  that  forming  the  '*  crest,"  which  is  snbsimilar  to  the  pedun- 
cular portion.  The  crest  expands  very  slightly  distally  forward  and 
downward.  The  ischio-pubic  suture  is  a  long  on^  and  the  obturator 
foramen  a  long  oval ;  the  inferior  pelvic  elements  do  not  form  a  trans- 
verse, but  meet  at  an  open  angle. 

Measurements. 

M. 

Length  ilinm  to  sacral  horder 0. 130 

Lf'ngth  ilium  to  crest Ic^ 

Width  crest 060 

Width  peduncle 030 

length  ischium  from  middle  of  acetabulum 110 

Width  ischium  posteriorly OtiO 

Length  obturator  foramen ^ 041 

Width  obturator  foramen 034 

Expanse  of  isohia  above  at  middle 096 

Femur, — ^The  head  projects  inward  on  a  well-marked  neck.  The  greivt 
troclianter  is  strongly  recurved  and  presents  an  anterior  tuberosity  as 
well.  It  rises  to  an  incurved  apex  much  elevated  above  the  head.  The 
prominence  of  the  front  of  the  femur  is  continued  into  the  front  of  the 
trochanter.  The  outer  margin  of  the  shaft  is  thin,  and  at  a  i)oint  two- 
tilths  the  length  from  the  proximal  end  is  produced  into  a  low  third 
trochanter,  which  is  curved  forward  and  thickened  on  the  margin.  The 
troclilea  is  well  elevated,  the  inner  margin  a  little  the  more  so,  and  is 
narrow.  It  is  continuous  with  the  surface  of  the  inner  condyle,  which  is 
the  shorter  and  more  vertical ;  the  external  is  longer  and  divergent ;  its 
terminal  face  is  marked  by  two  fossai,  one  in  front  of  the  other  just  out- 
side the  distal  end  of  the  ridge  bordering  the  trochlea.  Little  trochanter 
moderate. 

Measurements. 

Total  length • 0.-2>5 

Proximal  width  of  head  and  trochanter 075 

Width  from  front  to  ed^o  third  trucbaiiter OCXi 

Width  just  above  condyles 0^55 

Width  of  condyles (C»d 

Chord  of  outer  condyle  and  trochlea ;  QtJO 

The  tibia  has  a  broad  prominent  crest,  winch  is  remarkable  in  being 
deeply  tissnred  longitudinally  at  its  superior  portion.  The  tendinous 
notch  separates  the  outer  portion  of  the  crest  from  the  spreading  margin 
of  the  outer  cotyloid  face.  The  crest  disapi)ear8  at  the  proximal  third, 
and  the  shaft  becomes  flattened  in  front  and  on  the  inner  side.  The  dis- 
tal articular  extremity  is  \m\)reascd  by  1.  %  trochleae,  the  outer  being 
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completed  by  the  fibula,  ^e  posterior  tuberosity  is  more  nearly  median 
than  usual,  hence  the  inner  margin  of  the  inner  trochlea  is  low  poste- 
riorly, and  the  inner  malleolus  has  a  considerable  beveled  inferior  mar- 
gin. The  fibula  has  a  slender  shaft,  but  little  compressed.  The  head  is 
expanded  fore  and  aft,  and  the  malleolus  is  quite  stout. 

MeasuremenU. 

Length  of  tibia ..^-.. 0.244 

Diameter  from  oQter  angle  of  head  to  inner  angle  of  orest 066 

Diameter  distal  end,  (greatest) O'JS 

Diameter  articular  face,  transverse 027 

Diameter  articular  face,  fore  and  afb ^ 026 

Both  hind  feet  are  perfectly  preserved.  The  astittgalns  is  rather  elon- 
gate and  compressed,  the  lower  face  truncate  with  two  longitudinal 
bounding  ridges,  the  outer  of  which  is  discontinued  before  reaching  the 
heeL  The  surface  between  them  i^  striate  grooved.  The  outer  face  is 
slightly  concave.  The  astragaline  facets  are  much  expanded  inward ; 
the  outer  is  transverse  and  strongly  convex,  and  separated  by  a  groove 
from  the  inner,  which  is  longitudinal  and  nearly  plane.  The  posterior 
edge  of  this,  and  convexity  of  the  outer  facets  are  received  into  a  trans- 
verse groove  of  the  posterior  part  of  the  lower  face  of  the  astragalus. 
'Che  cuboid  facet  is  diagonal,  and  is  bounded  within  by  a  third  narrow 
facet  for  the  astragalus.  The. astragalus  has  a  strongly  convex  deeply 
grooved  trochlea ;  the  convexity  extends  over  158^.  The  trochlea  is 
nearly  in  the  vertical,  a  little  oblique  to  the  longitudinal  axis  of  the 
foot.  The  exterior  malleolar  facet  is  well  marked,  and  bounds  a  lateral 
fossa  above.  The  neck  of  the  astragalus  is  broad  and  not  contracted,  but 
not  wider  than  the  trochlea.  Its  navicular  facet  is  wide  and  concave, 
the  cuboid  narrow,  with  a  lon^  angle  behind.  The  cuboid  is  quite  elon- 
gate, and  with  a  narrow  antenor  face ;  it  has  a  large  posterior  tuberosity 
not  projecting  much  posteriorly.  The  navicular  is  flat,  with  a  sigmoid 
proximal  face,  convex  on  the  inner  side,  concave  on  the  outer.  It 
has  the  three  cuneiform  facets  below  the  inner  anteroposterior.  The 
inner  is  a  flat  bone  with  antero-posterior  plane  and  apex  directed  back- 
ward, and  considerably  oblique  facet  for  the  second  metatarsal.  The 
mesocuneiform  is  much  the  smaller,  and  brings  the  third  metatarsus  a 
short  distance  proximal  to  the  fourth.  The  ectocuueiform  is  a  little 
wider  than  deep.  The  metatarsals  are  three,  and  are  rather  slender. 
The  two  outer  are  equal  in  length,  and  the  median  but  litUe  wider  prox- 
imally,  the  increased  width  being  more  obvious  distally.  They  have  no 
proximal  grooves,  and  the  outer  has  a  low  outer  tuberosity.  The  facets 
of  the  second  row  of  tarsals  are  |||.  The  phalanges,  including  nn- 
gueal,  are  3,  3,  3.  The  proximal  ones  are  longer  than  wide  and  con- 
tracted at  the  ends ;  the  penultimate  are  still  stouter  in  form.  The 
ungues  of  middle  line  are  symmetrical  and  broad,  with  the  margin  a 
segment  of  an  ovoid,  and  slight  contraction  at  the  neck.  The  proximal 
articulation  is  bounded  by  a  fossa  on  each  side,  which  is  in  its  turn 
isolated  by  the  elongate  process  found  in  the  tapir  and  in  the  horse. 
The  margin  is  marked  by  radiating  stria)  separated  by  grooves,  of  which 
the  median  is  the  most  marked.  The  lateral  ungues  are  contracted  on 
the  inner  side,  and  only  possess  the  proximal  fossa  and  hook  on  the 
outer  side.    The  median  distal  groove  is  well  marked. 

Medsurements* 

Length  of  hind  foot  from  heel •, — -•  ^•'^^ 

Lenf^h  of  calcanenm .• ---     *^^^k. 

Length  of  enhoid  facet  of  calcanenm .•-.• --•     -^^^ 
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M. 

Depth  calcanenm  behind 025 

Width  calcanenm  at  astragalus 035 

Greatest  axial  length  of  astragalus 045 

Width  between  trochlear  crests  astragalus 022 

Length  neck  between  trochlear,  outer  side 014 

Width  head  between  trochlear 0.'i0 

Width  navicular -i 031 

Length  navicular  at  middle 010 

Length  cuboid 022 

Depth  outside 025 

Length  ectocunoiform  in  front ..013 

Width  cctocuneiform  in  front ^     .019 

Width  mesocuneiform  in  front 019 

Length  mesocuneiform  in  front 008 

Length  entocuneiform  at  side 021 

Depth  entocuneiform  at  side 015 

Length  of  meta,tarsu8  II 102 

Length  of  metatarsus  III r 107 

W^idth  of  metatarsus  II  proximally 016 

Width  of  metatarsus  III  proximally 020 

Width  of  metatarsus  II  distally ?  within^ 016 

Width  of  metatarsus  III  distally 5  fossa  \  ., 025 

Length  median  phalanges  1 025 

Width  median  phalanges  I  distally 015 

Depth  median  phalanges  I  distally 009 

Length  median  phalanges  II 015 

Length  median  phalanges  unguis 029 

Width  of  articular  facet  unguis 014 

Width  of  neck  of  facet  unguis 021 

Width  of  greatest  expanse  facet  unguis 029 

Length  phalanges  of  metatarsal  II OtiO 

Length  unguis  of  metatarsal  II 028 

W'idth  unguis,  (greatest) 018 

Length  me  tarsus  and  phalanges  IV 158 

Restoration^ — ^The  following  dimensions  may  be  relied  on  as  a  basis  for 
a  restoration  of  this  species : 

Measurements. 

fhead 0.220 

vertebral  column  less  tail 0G3 


Length. 


t: 


qnal  42.1  inches 1.283 

'  of  neural  spines  exposed 035 

of  scapnhi 215 

Height-^  of  foreleg C92 

t  total  31.0.')  inches  inclusive 947 

rof  hind  leg 770 

Ueiirht    <  ^^  elevation  of  ilium 135 

t  total  29.7  inches 9<.C> 

Depth  of  body  at  middle  manubrium - 2o5 

Depth  of  body  at  15  rib 2o0 

Allowance  being  made  for  the  obliquity  of  the  humerus,  scapulii, 
femur,  and  ilium,  the  elevation  in  life  was — 

At  the  withers,  (2G.G  inches) 872 

At  the  rump 702 

The  size  of  this  species  was,  then,  that  of  a  large  sheep. 

Comjyarison  of  the  slceleton  icith  that  of  Tapir  us  ronlini. — For  the  opix)r« 

tunity  of  making  this  comparison  I  am  indebted  to  the  Smithsonian 

Institution,  which  possesses  a  skeleton  of  the  above  si>ecies  of  tapir  from 

-Ecuador,  presented  by  Pre\^\deut  Moreno. 

Cranium. — In  addition  to  t\i^  gevimft  Oii^\:^^\fc\^  \s^<^\SLtiQned  at  the 
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commencement  of  this  description,  the  H.  eximius  and  T.  roulini  differ 
as  follows :  in  H.  eximim  there  is  (1)  a  high  sagittal  crest  which  is  want- 
ing in  T.  roulini^  T.  malayanusj  and  approximated  in  T.  terreatris.  (2) 
The  crest  of  the  squamosal  part  of  the  zygoma  is  continuous  with  the 
lateral  occipital  crest,  which  is  not  the  case  in  existing  tapirs. 

Vertebrce. — (1)  The  arterial  canal  of  the  atlas  is  not  isolated  in  front 
as  in  T.  rotdin%  but  notches  the  basis  of  transverse  process.  (2)  The 
axis  is  longer  than  in  T.  roulini.  (3)  The  neural  spines  and  especially 
the  metapophyses  of  the  posterior  dorsal  vertebrae  are  more  elevated. 

(4)  The  end  of  the  centra  of  the  lumbars  are  flatter,  and  more  depressed. 

(5)  The  diapophyses  of  the  same  are  wider  and  longer  and  thinner,  and 
the  penultimate  articulates  with  the  last  by  an  angular  process,  which 
is  not  the  case  in  T.  roulini. 

Scapula. — (1)  This  bone  is  equal  in  size  to  that  of  a  T.  rouliniy  of  con- 
siderably greater  general  dimensions,  and  is  hence  relatively  larger.  (2) 
The  spine  is  not  angulate  as  in  that  species,  has  a  larger  base,  and  larger 
elevated  margin.  (3)  The  neck  is  more  contracted,  and  (4)  the  coracoid 
is  not  recurved  as  in  T.  roulini.  (5)  The  sinus  bonndetd  below  by  the 
latter  is  much  shallower,  and  not  bordered  above  by  a  recurved  hook  of 
the  margin. 

Humerus. — (1)  It  is  relatively  smaller  in  ff.  eximius.  (2)  The  internal 
bicipital  ridge  of  T.  roulini  is  wanting.  (3)  The  external  condyle  is  much 
shorter,  whence  its  border  is  nearer  its  trochlear  rib.  The  radius  has  a 
narrower  head,  (1,)  the  external  articular  plane  being  shortened.  (2)  Tbe 
shaft  is  wider  with  a  more  acute  longitudinal  lateral  ridge  medially,  and 
more  rounded  distal  end.  The  ulna  is  (1)  absolutely  nearly  as  long  as 
in  T.  roulini^  being  thus  relatively  longer.  .  (2)  It  has  three  weak,  longi- 
tudinal ridges  on  a  convex  outer  face ;  in  T.  roulini  the  external  face  is 
divided  by  a  very  prominent  longitudinal  angle  from  the  radial  cotylus, 
which  spreads  distally,  sending  one  angle  to  the  upper  and  another  to 
the  lower  base  of  the  distal  epiphysis. 

Carpus. — This  part  is  (1)  absolutely  and  relatively  smaller  than  in  T. 
roulini.  (2)  The  pisiform  ia  more  cylindroid  distally.  (3)  The  scaphoid 
is  more  produced  backward  on  the  inner  side ;  the  excavation  of  the 
inner  side  is  more  continued  as  a  concavity  of  the  outer  side  of  the  front. 
(3)  The  unciform  has  an  acute  tuberosity  behind;  in  T.  roulini  it  is  short, 
vertical,  and  obtuse.  (4)  The  trapezoides  has  a  shorter,  wider,  and  more 
swollen  external  face.  (5)  The  pisiform  is  small  and  convex,  instead  of 
being  larger  and  flat. 

The  metacarpals  (1)  are  absolutely  and  relatively  smaller.  (2)  The 
inner  (II)  has  a  more  oblique  phalangeal  articulation,  which  is  short 
above  and  with  the  keel  prolonged  upward,  instead  of  being,  as  in  T. 
roulini,  distal  only. 

The  pelvis  is  distinguished  by  the  much  longer  plate  of  the  ilium, 
whos6  extremity  constitues  the  crest.  (1)  The  crest  is  also  shorter,  and 
more  anterior.  In  T.  roulini  this  plate  does  not  so  much  exceed  the 
sacral  plate  in  length.  (2)  Tlie  pubes  and  ilia  are  not  so  horizontal,  but 
meet  at  nearly  a  right  angle,  and  (3)  the  ischioxmbic  common  suture  is 
considerably  longt^r.  (4)  The  obturator  foramen  is  a  more  elongate 
oval. 

The  femur  is  very  similar  to  that  of  T.  roulini,  being  no  smaller  in  rel- 
ative size.  (1)  The  great  trochanter  is  wider  fore  and  aft,  and  with 
margin  more  continued  on  the  anterior  aspect  of  the  extremity  of  the 
shaft.  (2)  The  third  trochanter  is  nearer  the  middle  of  the  length.  (3) 
The  condyle  surfaces  are  continuous  with  the  rotular,  not  l&oU\t^^^^\\^ 
T.  roulini.    The  latter  also  (4)  lacks  the  tvro  iottiaai  ow  \Xi'^  oxxX.^^  \si<\^^\i^ 
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of  the  external  seen  in  H.  eximius.  (5)  The  rotular  groove  is  also  nar- 
rower in  the  latter  and  not  so  deeply  excavated  as  in  T,  roulini. 

The  tibia  is  (1)  reduced  in  size,  and  especially  contracted  distally ;  the 
relative  widths  of  the  ends  are  6  cm  :  3.5;  in  Z*.  roulini  7.5  cm  to  5.  (2) 
The  crest  is  more  prominent,  and  is  deeply  fissured  by  a  groove,  which 
is  represented  by  a  shallow  concavity  in  T.  roulini.  The  groove  (3)  ex- 
teraal  to  this  is  deeper.  (4)  The  posterior  inner  tuberosity  of  the  distal 
end  is  more  median,  hence  the  inner  trochlear  groove  is  further  removed 
from  the  anterior  inner  maQeolus,  which  has,  therefore,  a  greater  inner 
(not  outer)  extent. 

The  tarsus  (1)  is  generally  longer  and  narrower,  except  in  the  case  of 
the  cuboid  bone,  (2,)  which  is  shorter  than  in  T.  roulini.  (3)  The  astra- 
galus has  a  narrower  neck,  which,  therefore,  appears  more  on  the  inner 
side.  (4)  The  facet  for  the  cuboid  is  smaller.  (5)  The  inner  tuberosity 
of  the  head  is  more  prominent.  (6)  The  calcaneumismore  slender,  with 
larger  cuboid  facet,  especially  posteriorly.  The  metatarsus  is  absolutely 
nearly  as  long  as  in  T.  roulini^  and,  therefore,  relatively  longer  and  more 
slender.  (2)  The  median  (III)  is  nearly  similar  to  the  others  in  widUi ; 
in  the  7.  roulini^  much  larger  than  the  lateral. 

The  pMlanges  of  the  first  cross  series  are  more  contracted  distally. 

The  more  important  dififereiices  between  the  skeleton  of  the  two  species 
in  addition  to  those  pointed  out  under  the  head  of  the  genus,  are  those 
of  the  ulna,  the  scapula,  the  lumbar  vertebrae,  the  ilium,  and  the  crest 
of  the  tibia.  The  scapula  is  more  like  that  of  Tapirtis  terrestris,  while 
the  ilium  is  approximated  by  that  of  T.  malayanus  among  living  si>ecies; 
its  form  leans  toward  the  Equine  series,  and  not  to  the  Falcsotheroid. 

Conclusion, 

From  the  preceding  it  is  evident  that  there  lived  in  North  America 
during  the  Eocene  period  a  type  of  Tapiridcc  only  diftering  generically 
from  that  now  existing  in  South  America.  Thus  one  form  ot*  the  many 
l)eculiar  and  primitive  ones  of  that  time  still  persists  in  the  tropics  and 
soutliern  hemisphere,  which  claims  more  ancient  character  than  the 
rliinocterus,  elephants,  and  other  remains  of  Miocene  time. 

The  affinities  of  Cercole2)ie8  i\m\  Nasiia  to  the  types  of  the  8amei)eriod 
have  been  already  indiciited,*  and  with  the  present  case  may  be  regarded 
as  confirmatory  of  the  luoposition  stating  the  early  geological  state  of 
the  existing  Fauna  NeotrojncaA 

IIyraciiyus  implicatus.  Cope. 

On  some  Eocene  Mammalia,  &c.,  1873,  p.  5;  published  March  8. 

This  tapir  is  smaller  and  more  slender  than  the  ff.  agrestis,  Leid\',  but 
exhibits  an  equal  size  of  posterior  molar  teeth,  which  are  thus  relatively 
larger  than  in  that  species.  It  is  represented  first  by  both  maxillary 
bones,  with  most  of  the  molars  complete,  irom  Cottonwood  Creek, 
Wyoming;  then  by  the  side  of  the  face,  with  molars  of  both  jaws  com- 
])lete,  with  symphysis  and  portions  of  all  the  incisors,  from  South  Bitter 
Creek,  and  by  part  of  mandibular  ramus,  with  t(ieth,  from  Green  River, 
with  probably  other  specimens. 

The  niolars  differ  from  those  of  the  other  Hyrachyij  and  resemble  those 
called  IlelalefcSj  in  the  presence  of  a  ]>romiuent  ridge,  which  descends 
on  the  inner  side  of  the  principal  (median)  outer  cusp,  not  quite  reaching 

*  Sou  on  the  Primitive  Types  of  the  Mammalian  Orders,  1673. 
t  Sec  Origin  oi  OwwrjL,  ^.ViSi  w\id^rcccd. 
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the  valley  below.  It  wears  into  a  prominent  loop.  The  anterior  casp  is 
much  less  elevated  than  the  median,  and  is  separated  fh>m  the  latter  by 
a  considerable  ridge.  The  only  cingnlom  on  the  molars  is  on  the  outer 
side  of  the  first.    Enamel  smooth. 

Measurements  JVb.  1. 

Length  of  five  molitfa 0.071 

Length  of  three  posterior  molars *. 0470 

Length  of  last  molar 0159 

Width  of  last  molar : 0200 

Width  of  penultimate  molar 0210 

Length  of  penultimate  molar 0168 

In  the  more  perfect  specimen  all  of  the  molars  have  two  transverse 
crests,  except  the  P.  M.  1.  The  lower  molars  possess  strong  anterior 
prolongations  of  their  posterior  crests ;  the  third  and  fourth  premolars 
have  one  elevated  transverse  crest  near  their  middle^  and  the  second  is 
mach  compressed.  The  first  I  cannot  find.  Symphysis  rather  short 
for  the  genas. 


Measvrwients  2fo..  2.. 


•  M. 

Length  of  superior  molar  series..:..-..  .:.-.-.-^.^;.-.-.^.-.jj^.r^.^«<.r. , 0.085 

Length  of  tme  molars. « 046 

Length  of  penultimate ....; ^ 015 

Width  of  penultimate ^..... 019 

Length  of  inferior  molarseriee 078 

Length  of  inferior  true  molars 047 

Length  of  penultimate  .^ « 017 

Width  of  iHjnnltiniato * - Oil 

Width  of  last  premolar 1 008 

Length  of  last  premolar .. ^. »...     .012 

Depth  of  ramus  at  last  premolar 02;^ 

Length  of  diastema - -     .019 

Length  of  hasesof  three  incisors 018 

Hybaghtus  AGRABirSy  Leidy. 

Common  everywhere. 

Hyrachyxts  boops,  Marsh. 

HeJaletes  hoopsj  Marsh,  American    Journal,  1872,  p.  218;  Hyrachyus  ho6p8,  Co^ye,  On 

some  Eocene  Mammals,  d:c.,  1873,  p.  6. 

Bitter  Creek  and  Black's  Fork. 

Hybachyus  nanus,  Marsh. 

Lopkiodon  nanu8f  Marsh,  American  Journal  Sciences  and  Arts,  1871,  July;  HyrachyuB 
nanus,  Iieidy,  Geological  Survey  of  Montana,  1871,  p.  861 ;  HelakteSf  Marsh,  1.  c., 
1872,  p.  218. 

Cottonwood  Creek. 

ANOHIPPODCTS,  Leidy. 

Proceedings  Academy  Natural  Sciences,  Philadelphia,  1868,  p.  232;  TrogaauSf  Leidy, 
Proceedings  Academy  Natural  Science,  Philadelphia,  1871,  and  Geological  Sur\'ey  of 
Montana,  1871,  p.  359. 

Anchippodus  minoe,  Marsh. 

Paloeosyopa  minor,  Marsh,  American  Journal  Science  and  Arts,  1871,  July;  7Voq<i%ma 
oa8toriden8f  Leidy,  Geological  Survey  of  Montano^  V5lV,\k.^Rf^. 

Cottonwood  Creek. 


.< 
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OROHIPPU8,  Marsh. 

Araerican  Joomal  Science  and  Arte,  1672,  (published  Angast  7.) 

Superior  molars,  with  two  exterual  crescentoid  crests,  and  two  inter- 
nal cones,  which  are  connected  with  the  former  by  low  oblique  crests 
which  are  directed  to  tbe  anterior  bases  of  the  outer  tubercles. 

This  genus  constitutes  an  approximation  of  the  Limnohyus  tyi)e  to 
Anchitheriumj  and  probably  connects  effectively  the  equine  and  tapiroid 
divisions. 

Orohippits  procyonintjs,  Cope. 

Proceedings  American  Philosophical  Society,  1872,  p.  4G6,  Angnst  3.    (Hfilotherium.) 

Orokippus  pumilus,  Marsh,  L  c,  August  7, 1^2. 

This  species  is  distinguished  by  its  small  size,  as  it  did  not  much  ex- 
ceed the  raccoon  in  dimensions.  The  size  of  a  right  superior  molar  is  as 
follows : 

Measurements, 

M. 

Length 0.007 

Width  posterior 1 0085 

Widthuaterior 006 

The  crown  presents  four  tubercles,  of  which  the  inner  are  flat  on  the 
anterior,  the  outer  flat  on  the  external  side.  The  anterior  cross  ridge 
has  a  trihedral  tubercle,  and  a  low  tubercle  intervenes  between  the  two 
posterior  In  front  of  them.  An  anterior  and  a  posterior  cingulum. 
Enamel  smooth. 

Genera  Incertw  Sedis, 
OROTHERIUM,  Marsh. 

American  Jonrual  Science  and  Art«,  1B72,  p.  217. 
OllOTIlERIUM  VASACCIENSE,  CopC. 

On  some  Eocene  Mammals,  &c.,  p.  3. 

Lophiotherium  rasacdcnuc.  Cope.     Proceedings  American  Pliilosopliical   Society,   1872, 
July  11,  (cxtniH.)    Xotharctuft  raiovvicnsis,  Cope,  1.  c,  1>72,  474. 

Thifi  species  is  similar  to  the  next  in  most  respects,  the  corresponding 
mohirsdifteringin  the  more  elevated  yoke  between  the  tubercles  of  op- 
posite sides,  and  the  presence  of  a  x)osterior  median  tubercle. 

Represented  by  a  portion  of  the  left  ramus  of  the  lower  jaw,  contain- 
ing one  tooth  in  perfect  i>reservation.    The  structure  of  this  indicates  it 
to  be  the  second  true  molar,  and  presents  certain  features  of  distinction 
from  the  same  tooth  of  the  L,  sylvaticum,  described  by  Dr.  Leidy.     The 
crown  presents  four  tubercles,  which  are  arranged  in  pairs,  thesepara- 
ti(m  between  the  right  and  left  lobe  of  each  being  slight,  thus  giving  the 
tootli  the  appearance  of  having  two  transverse  crests  as  in  Hi/drachyus. 
The  two  anterior  and  outer  posterior  tubercles  are  fissured  by  wearing, 
bnt  the  inner  posterior  consists  of  two  acute  crests,  which  meet,  pre- 
senting an  acute  angle  tovsard  the  adjoining  tubercle.    The  outcries- 
terior  tubercle  sends  ade^ee\\(V\\\^v^\t^X)<M\v\^<^\^\,^U\^baseof  theinuer 
anterior  tubercle,  as  in  L.  »yUatlcum,    X.  ^\\v^  X.xi^^^O.'^  v^^^jx^^^x^^ 
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space  behind  the  interval  between  the  posterior  tnbercles  and  gives 
orij^in  to  a  cingulum  which  passes  round  the  bases  of  the  outer  tubercles. 
It  extends  round  the  front  of  the  tooth  to  the  outer  anterior  tubercle. 
Wear  would  produce  small  angular  crescents  from  the  two  posterior  and 
the  outer  anterior  tubercle.  Greatest  length  of  crown,  M.  0.008 ;  width, 
,006.    The  enamel  of  the  tubercles  is  rugose. 

This  ungulate  was  of  about  the  size  of  the*  L.  sylvaticum^  or  equal  to 
&be  raccoon.  It  diflfers  considerably  from  that  species  in  the  less  isola- 
tion of  the  tubercles  of  the  molar,  and  the  crescentic  form  of  the  inner 
posterior. 

From  Green  River  beds  near  Evanston,  and  the  same  near  Black 
Buttes,  Wyoming,  on  opposite  sides  of  the  Bridger  Basin. 

Orotherium  sylvaticum,  Leidy. 

laphioihenum  sylvaticumj  Lcidy.    Proceodings  Acedemy  Natural  Sciences,  Philadelphia, 
126;  Orotherium^  Marsh,  American  Journal  Scieuce  and  Arts,  1872,  August  13. 

From  Black's  Fork,  Wyoming. 

OLIGOTOMUS,  Cope. 

On  some  Eocene  Mammals,  &c.,  March  8, 1873,  p.  2. 

Char.  gen. — ^Molars  constructed  much  as  in  Hyopsodus  and  Lophiothe- 
HuMj  viz,  with  two  external  subtrihedal  cusps,  which  wear  into  cres- 
cents, the  posterior  connected  by  a  low  oblique  ridge  with  the  basis  of 
Ihe  anterior  cone  of  the  inner  side ;  the  latter  with  two  conic  cusps.  It 
liffers  from  these  genera  and  Orotherium  in  the  possession  of  but  two 
[)remoIars;  the  interior  molars  are  probably  six,  leaving  four  true 
iiolai*s. 

Oligot'omus  cinctus,  Cope. 

Loc.  cit. 

Char,  speeif. — In  this  animal  the  cusps  of  the  molars  are  elevated,  the 
external  most  so,  the  anterior  being  somewhat  bilobate.  Premolars  with 
iwo  fangs.  There  is  a  rudimental  posterior  tubercle  in  M.  1  and  2,  and 
I  strong  cingulum  round  the  outer  side  of  the  crown.  In  an  adult  with 
worn  teeth  the  enamel  is  obscurely  rugose. 

Measurements. 

M. 

>Dgth  of  five  molars 0.0326 

liCDgth  of  two  premolars ..»'..     .  0120 

>ngth  of  M.  2 0007 

Vidthof  M.  2  anteriorly 0050 

mat\i  of  M.2  posteriorly OOoO 

>epth  ramus  at  front  of  P.  M.  1 0126 

From  Cottonwood  Creek,  Wyoming. 

ANTIACODON,  Marsh. 

American  Journal  Science  and  Arte,  1872,  p.  210. 

Antiaoodon  pygm^us.  Cope. 

y^pl^Merfum  wigmmtm,  Cope.  Proceedings  AmericaD  Philosophical  Society,  1872, 
•xtras,  July  20 ;  Antiaoodon  venuattis.  Marsh,  American  Journal  Science  and  Arts,  1872, 
(pvblvbed  Axi^iist  13.)    ffyopsodiia  pygmceud,  Cope,  loc.  cit.,  p.  461. 

From  Cottonwood,  Wyoming. 

Bepresented  by  a  portion  of  the  right  mandibular  ramus,  with  the 
lenultimate  and  anteoenultimate  molars  in  perfect  preservation.   These 


608      GEOLOGICAL  SUBVEY  OF  THE  TEBBIT0BIE8. 

teeth  present  four  cnsps,  of  which  the  oater  are  crescentoid  in  section, 
the  inner  conic.  They  are  all  elevated,  and  the  inner  anterior  is  in  both 
teeth  compressed  and  bifid.  It  receives  an  oblique  ridge  from  the  outer 
posterior  crescent,  which  also  sends  a  ridge  to  the  posterior  inner. 
Enamel  smooth. 

Me€i8urement8» 

LeDjcth  of  penultimate  molar % 0.0045 

Width  of  pen  ultimate  molar  behind 0040 

Depth  of  ramus  at  posterior  margin  of  penultimate  molar 0070 

This  is  a  small  mammal,  about  equal  In  size  to  a  weasel. 

Antiaoodon  fuboatus.  Cope. 

On  some  Eocene  Mammals,  &Ai,,  p.  1,  March  8, 1873. 

Established  on  a  part  of  the  right  ramus  mandibuli,  with  the  three 
molars  and  last  premolar  in  perfect  preservation.  The  crowns  of  the 
molars  are  composed  of  two  external,  chevron-shaped  tubercles,  the  apices 
rising  as  acute  cusps,  and  two  internal  cones,  the  interior  of  which  is 
flattened  and  strongly  bifid,  both  points  being  more  elevated  than  any 
of  the  others.  The  cusps  are  nearly  opposite  to  each  other,  and  be- 
hind the  interval  between  the  two  posterior  rises  another,  not  so  ele- 
vated as  the  others,  except  on  the  posterior  molar.  Here  it  is  elevated, 
and  nearly  equidistant  from  the  two  in  front  of  it.  The  enamel  is 
smooth,  and  there  is  no  cingulum  on  either  side.  The  premolar-cousists 
of  a  principal  sectorial  cusp,  and  has  a  smaller  but  stout  acute  anterior 
cusp,  with  a  small  rudiment  of  another  behind ;  a  stout  cusp  rises  from 
the  inner  posterior  margin  of  the  principal  one,  giving  it  a  subbilid 
appearance. 

Medsurements, 

M. 

Length  of  four  molars 0. 011)5 

Leugth  of  three  true  molars 0149 

Li'Ugth  of  last  true  molar 0055 

Length  of  lirst  true  molar 004it 

Width  of  first  true  molar  front (K)*25 

Width  of  first  true  molar  posteriorly 00:U 

Depth  of  ramus  at  frout  of  M.  3 (X»75 

Depth  of  ramus  at  front  of  P.  M.  laat 0055 

This  species  differs  from  the  last  in  the  presence  of  the  posterior 
tubercles  on  the  M.  2-3,  and  the  absence  of  external  cingulum.  The 
sizes  are  not  very  diflferent. 

From  the  blufis  of  the  Upper  Green  Eiver. 

The  genus  to  which  this  species  belongs  differs  from  Hyopsodus  in  the 
carnivorous  form  of  the  last  premolar,  which  has  a  well-developed  an- 
terior cusp.  I  refer  it  to  the  same  genus  as  the  last  species,  though  its 
characters  have  never  been  pointed  out  by  the  author  of  the  name,  (Pro- 
fessor Marsh,)  nor  are  the  characters  which  distinguish  it  from  JBoma- 
codon  of  the  same  author  discoverable.  He  states  that  the  cusps  in  E- 
vagans  are  "  isolated,''  a  character  which  does  not  apply  to  A.  /urcutuSf 
in  which  they  are  related  much  as  in  Hyopsodits, 
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MICROSYOPS,  Lddy. 

ProceediDgs  Academy  Natural  Sciences,  1872,  p.  20. 

MiCROSYOPS  viOARius,  Cope. 

On  some  Eocene  Mammals,  &c.,  1873,  pi  1. 

Founded  on  portions  of  the  mandibular  rami  of  two  individuals  from 
the  Bad  Lands  of  Cottonwood  Creek,  Wyoming.  These  represent  an 
animal  considerably  smaller  than  the  Hyopsodus  pauluSjSiuA  with  proba- 
bly only  three  premolars.  This  is  believed  to  be  the  fact  from  the  small 
size  of  the  last  premolar,  and  the  anterior  contraction  of  the  first  molar. 
The  molars  have  no  external  cingulum  nor  anteroexternal  tuberosity 
described  to  exist  in  the  M.  gracilis^  by  Marsh.  The  cones  have  simple 
apices,  and  the  oblique  connecting  ridges  of  both  genera. 

MmmiremenU. 

H.pulut,    M.  vicariui. 

M. 

Length  of  three  molars 0.0136         0.0115 

Length  of  last  molar 052  .  0045 

Length  of  first  molar 040  .0038 

Width  of  firstmolar  anteriorly 041  .0026 

Width  of  first  molar  posteriorly 043  ,  0029 

HYOPSODUS,  Leidy. 

Proceedings  Academy  Natural  Science,  Philadelphia,  1871 ;  Geological  Snrvey  Mon- 
tana, 1871,  p.  362. 

Hyopsgdus  paulus,  Leidy. 

Haydcn^s  Survey  Montana,  &c.,  1871,  p.  363. 

From  Cottonwood  and  South  Bitter  Creeks. 

eode:ntia. 

PARAMYS,  Leidy. 

Geol.  Survey,  Montana,  1871,  p.  357. 

Paramys  leptodus,  Cope. 

On  some  Eocene  Mammalia,  &c.,  1873,  p.  3.    (Pnhlished  March  8.) 

Established  on  a  right  mandibular  ramus  with  all  the  teeth  preserved. 
It  indicates  an  animal  of  about  the  size  of  the  P.  delieatus^  Leidy,  and 
P.  robuMuSy  Marsh,  but  with  smaller  incisors,  which  have  little  more 
than  half  the  diameter  of  the  same  tooth  in  those  species.  The  molars 
have  two  anterior  separate,  and  three  posterior  contiguous,  cones,  the 
median  smallest.  The  anterior  and  posterior  of  both  sides  separated  by 
a  deep  excavation.  The  anterior  tooth  is  peculiar  in  its  greater  compres- 
sion. The  posterior  tubercles  are  not  separated,  and  the  anterior  inner 
situate  behind  the  outer,  and  connected  with  the  posterior  inner  by  a 
concave  ridge. 

39  G  s 
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Measurements* 

M. 

Length  molnr  series „ 0.02*21 

Length  M.  4 {AKIO 

Width    M 0055 

Length  M.  1 00(30 

Width    M ^ 0018 

Diauiet«r  lower  incisor,  transverse 0024 

Diameter  lower  incisor,  anterior  posterior 003d 

From  the  South  Bitter  Creek,  Wyoming. 

Paramys  undans,  Marsh. 

Sciuravus  undans^  Marsh.    Amer.  Joarn.  Sci.  Arts,  1871,  (June  21.) 

A  smaller  species  than  the  P.  delicaiisHimus^  Leidy.  The  dental  char- 
acters of  the  mandibular  series  are  generically  identical  with  those  of 
the  species  of  Paramys. 

From  Upper  Green  liiver. 

Paramys  delicatissoius,  Leidy. 
Black's  Fork. 

Paramys  delicatior,  Leidy. 

Cottonwood  Creek  and  Black's  Fork. 

Paramys  delioatus,  Leidy. 
Black's  Fork. 

PSEUDOTOMUS,  Cope. 

Proceedings  Amer.  Philosophical  Society,  1872,  p.  467,  (Augnst  3.) 

This  genus  is  represented  by  the  nearly  complete  cranium,  with  eajit 
of  the  brain-case  of  the  typical  species.  The  cranium  is  of  depressed 
form  and  with  considerably  expanded  zygomata.  The  muzzle  is  broad 
and  but  little  elevated,  so  that  the  nasal  meatus  is  between  the  alveolce 
of  the  superior  incisors.  The  frontal  bone  is  very  short,  and  the  super- 
ciliary margin  and  orbits  small,  and  without  postfrontal  process.  The 
temporal  tossai  are  large,  and  contract  the  brain  case  behind  the  orbits 
to  a  striking  degiee.  Their  anterior  margins  rise  from  the  postfrontal 
angles  and  converge  backward,  meeting  in  a  sagittal  ridge  opposite 
the  anterior  part  of  the  squamosal  bone.  The  parietal  bones  increase 
rapidly  in  width  to  the  squamosals,  which  also  extend  horizontally  to 
their  zygomatic  j)ortion.  They  do  not  extend  very  far  on  the  superior 
aspect  of  the  skull,  nor  backward  beyond  the  auditory  meatus.  The 
occipital  region  is  concave  and  surrounded  by  a  prominent  crest. 

The  foramen  infraorhitale  exterius  haB  an  inferior  position,  being  a 

little  above  the  alveolar  border ;  it  is  rather  small  and  rountl.    Theix? 

is  a  prominent  tuberosity  on  the  under  side  of  the  basal  part  of  the 

molar  bone,  just  exterior  to  the  position  of  the  second  molar  of  Arc 

tomys ;  its  inferior  face  is  truncate.    The  dentition  is  L  |;  C.  f ;  M.  f. 

The  incisors  are  rather  small  for  the  size  of  the  skull,  and  much  as  in 

Arctomys,    The  inner  face  is  truncate,  the  outer  continuous  with  the 

anterior  by  the  lack  of  separating  angle.    The  thin  enamel  is  extended 

part  way  on  the  outer  face.    At  a  point  twice  as  lar  in  front  of  the  pre- 

iwaxilJo-maxillary  suture  as  th^  Utter  is  from  the  line  of  the  zygoma, 

the  incisors  are  widely  feepvwaXe^V  \\ovol  t^Av\\  ^W\^\^^\>L<^\\ee.  they  are  not 

probably  in  contact  wVieu  t\\\i>,'  mvx^  tcom  VV^ \)>^vi\s\^^>^^\^^^         'XVcna 
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mandibular  catters  are  less  widely  separated  by  a  narrow  prolonpration 
of  tbe  sympbysis.  Tbe  exposure  of  tbe  tootb  is  lateral,  its  directiou 
nearly  anterior.  It  prqjocti*  anteriorly  very  little  beyond  the  sympbysis, 
and  has  a  borizoutal  triturating  surface  below  the  level  of  the  latter. 
There  are  alveolsB  for  but  three  molar  teeth,  each  with  three  roots. 
The  teeth  themselves  are  not  contained  in  them,  but  were  apparently 
lost  before  the  cranium  Was  entombed  in  the  Eocene  mud.  The  posi- 
tion of  the  first  molar  is  occupied  by  spongy  bone  in  both  maxillaries, 
and  appears  as  though  such  teeth  might  have  existed  earlier  in  life  and 
been  shed.  The  pterygoid  iaminse  are  prolonged,  inclosing  a  trough. 
The  foraitien  ovale  is  well  develojied  and  simple,  and  bounded  behind 
and  before  by  a  ridge.  There  are  no  additional  foramina  in  this  region. 
The  space  for  the  otic  bulla  is  moderately  large;  the  basicranial  axis  is 
grooved  at  the  junction  of  the  biisioccipital  and  sphenoid  bones.  The  ' 
zygomatic  arch  is  deep  and  thin.  The  glenoid  cavity  is  wide  but  lon- 
gitudinal. The  cast  of  the  brain  indicates  smooth  oval  hemispheres 
which  leave  the  cerebellum  and  olfactory  lobes  entirely  ex|)osed.  The 
latter  are  ovoid  and  expanded  laterally.  This  genus  is  allied  to,  if  not 
actually  a  member  of,  the  Sciuridce.  The  breadth  and  depression  of  its 
form  reminds  one  of  ArctomySj  but  the  contraction  behind  the  orbits  is 
very  different,  resembling  rather  the  form  of  Fiber.  The  lateral  separa- 
tion of  the  incisors,  superior  and  inferior,  is  a  marked  peculiarity. 

PSEUDOTOMUS  HIANS,  Cope. 
hoc,  dt. 

The  enamel  of  the  superior  incisors  is  not  grooved,  but  has  a  delicate 
'striate  sculpture.  The  inferior  incisor  does  not  project  as  far  as  the 
alveolar  border  of  the  jaw  ;  its  surface  worn  by  the  upper  incisor  is  hor- 
izontal and  anterior.  The  inferior  diastema  is  a  thin  edge,  and  the 
ramus  is  deep  there.  The  temporal  surface  of  the  parietal  bones  is 
rugose.  The  cranium  is  depressed,  and  has  a  trace  of  interparietal  crest. 
The  anterior  margin  of  the  temporal  fossa  is  marked  by  a  curved  angle 
on  each  side  of  the  frontal  bone.    The  supra-orbital  arch  is  very  short. 

Measurements. 

M. 

Length  craninrn,  (3.75  in.) 0.095 

Width  crKninin,  (without  zygomae) , 040 

Width  crauiuni)  (withzvgomas) 072 

Width  of  occiput ' 032 

Width  cranium  near  end  of  nasals 027 

Widrh  upper  cutting  tooth 007 

Depth  upper  cutting  tooth .00S5 

Length  exposed  part  l(»wer  tooth. 009 

Width  exposed  part  lower  tooth 006 

From  the  Bad  Lands  of  Cottonwood  Greek* 

MABSUPIALIA. 
TRIACODON,  Marsh. 

Aiuer.  Joum.  Sci.  Arts,  1871,  July. 

This  genus  is  placed  here  on  the  authority  of  Marsh. 

Teiacodon  aculeatus,  Cope. 

Proceed.  Amer.  PbiloB.  800.,  1872,  p.  460,  (,3Ti\^  ^.^ 

'EstMished  on  two  teetb  of  the  molar  and  pTemo\ar  ««nft^.   ^"^^  ^^^  ^ 
Jar  is  aubtriangular  at  the  base  of  the  crowu,  on^  svAfe  ^>w[^^  <i»^'^^'*^^ 
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tbe  opposite  angle  nearly  right  and  the  two  reipaining  sides  flat.  The 
ciowu  is  divided  into  thi-ee  ^[levated  trihedral  cones,  one  at  each  angle. 
Their  adjacent  angles  are  acute,  and  the  angle  of  anion  is  fissared  like 
the  same  point  in  the  sectional  tooth  of  carnivora.  The  smaller  lobes 
are  of  equal  elevation,  but  the  crown  of  one  is  expanded  so  as  to  be 
slightly  spade-shaped.    The  enamel  is  smooth. 

Meamireinents. 

M 

Elevation  of  highest  cusp O.Ol>l» 

Elevation  of  shorter (X>7 

Long  diameter  base  of  crown (MHJ 

Long  diameter  base  of  flat  side (XX> 

The  premolar  is  smaller,  with  shorter  cusps,  and  one  of  the  laterals 
reduced  to  a  rudiment.  This  species  is  near  T.fallax  of  Marsh,  but  the 
tooth  he  describes  is  narrower  in  proportion  to  its  length,  and  has  the 
anterior  lobe  little  over  half  as  high.  The  measurements  of  this  species 
are  somewhat  larger  than  those  given  by  Marsh  for  his  T,  grandutj 
^Amer.  Journ.  Sci.  Arts,  August  13,  1872.) 

REPTILIA. 
CROCODIL.    . 

CROCODILUS. 

Crocodilus  clavis.  Cope. 

Proceed.  Amer.  Philos.  Soc.,  1872,  p.  485,  (Aug.  20.) 

This  is  a  large  species,  with  a  muzzle  of  narrowed  proportions,  and 
sufficient  depth  to  give  it  a  broad  oval  section.  The  nasal  bones  appear 
to  have  reached  the  nasal  orifice.  The  anterior  superior  teeth  are  very 
large,  especially  the  canine.  The  inferior  tooth  corresponding  is  large, 
and  occupies  an  emarginatiou  which  approaches  near  to  the  uasal 
suture.  The  pitting  of  the  muzzle  is  fine,  and  the  swollen  interspaces 
much  the  wider.  The  teeth  have  stout  conic  crowns,  with  well-devel- 
oped cutting  edges,  and  coarse  striate  sculpture.  The  mandible  is 
acuminate  to  the  narrow  extremity,  and  has  a  long  symphysis,  which 
extends  to  opposite  the  third  tooth  behind  the  notch.  The  cervical 
vertebne  preserved  have  round  cups;  they  have  a  simple  elongate 
hypopophysis,  with  a  pit  behind  it;  shoulder  very  prominent. 

Measureynents. 

M. 

Length  of  ramus,  with  teeth 

Length  uf  symphysis 135 

Width  of  ramuH  at  end  of  Hyniphysis 085 

Width  of  rannis  at  end  of  mandible Oyi) 

Width  of  maxillary  at  third  tooth  ahove &^) 

Width  of  maxillary  at  notch  ahove 0*J) 

This  species  has  a  more  slender  muzzle  than  those  described  by  Marsh 
and  Leidy,  and  is  of  larger  size. 

Crocodilus  elliottii,  Leidy. 

Geological  Survey  Montana,  1871,  p.  366. 

Abundant  in  the  Bad  Lands. 

Crocodilus  sulciferus,  Cope. 

Proceedings  American  P\\\\osov\\\c\j\  ^qc\<^X^  ,  V^'i,  ^.  555,  (October  12.) 

A  medium-sized  species  x^'itVi  exijvw\w\:s\  (5v^^^Vs  ^\iv5y.  ^qv\^>c\^  >^\v^a. 
The  chief  character  is  at  pres^ut  Vvs\\Afe'\^  Wvi  \.^^\\i.  '^V^X^x^^es:  v.\ 
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these  are  of  subcyliDdjric  and  short  conic  crown,  which  is  superficially 
grooved  from  basis  to  near  apex ;'  sulci  coarse,  open. 
Upper  Green  River. 

Crocodilus  grinnellii,  Marsh. 

American  Journal  Sci.  Arts,  1871,  June. 

Cranium  from  South  Bitter  Creek. 

Crocodilus  liodon,  Marsh. 

LoccU, 

From  various  localities. 

DIPLOCYNODUS,  Pomel. 

DlPLOCYNODUS    SUBULATUS,  Cope. 

Crocodilus  (Ichthyosuchua)  suhiilatm.  Cope.    Proceed ings  American  Philosophical  So- 
ciety, 187-2,  p.  554,  (October  12.) 

Some  of  the  cervical  vertebrae  without  hypopophyses.  Their  cui)s 
round,  with  smooth  bordering  surface  of  the  sides  of  the  centrum. 
The  jaws  only  are  preserved  from  the  cranium;  the  premaxillary  is 
strongly  pitted,  but  the  deiitary  has  remote  shallow  pits  on  the  outer 
face  and  shallow  grooves  below.  Dentition  something  like  that  of 
Diploeynodiis  ratellii  from  France.  There  are  two  very  long  canine  like 
teeth  in  the  premaxillary  bone  near  its  posterior  margin,  directed  some- 
what backward;  these  are  preceded  alter  a  space  by  a  medium  size<l 
tooth,  which  after  a  similar  space  is  prtM^eded  by  another  large  tooth. 
Anterior  to  this  the  alveoli  are  lost.  Two  very  smooth  compressed 
straight  teeth  in  tlie  front  of  the  ramus  mandibnli.  These  are  followed 
abruptly  by  a  distantly  set  series  of  subequal  teeth  of  not  one-fourtU 
the  size,  varying  little  to  the  back  of  the  jaw ;  all  the  long  teeth  have 
subcompressed  crowns  with  opposed  cutting  edges,  and  are  smooth 
except  at  their  bases.  These  are  distantly  sulcate,  the  separating 
ridges  being  acute.  The  smaller  teeth  are  cone^  with  cutting  edges. 
There  ai'e  fourteen  alveoli  and  one  pit  in  the  dentary  bone  from  the  pos- 
terior end  to  the  beginning  of  the  short  symphysis. 

Measurone^its* 

M. 

Length  of  alveolar  series  to  beginniDg  of  symph 3*818 0. 130 

Diameter  alveolus  of  seventh  tooth 008 

Elevation  eighth  tooth 017 

Diameter  at  base 0065 

Depth  of  dentary  at  base 026 

Elevation  of  first  lower  canine 018 

Length  crown  of  second  upper  canine 017 

Diaraet4)r  crown  at  base 007 

Length  third  cervical,  (with  ball) 037 

Diamet-er  of  cup,  vertical 016 

Diameter  of  cup,  transverse 018 

Length  of  a  iKwterior  dorsal 041 

Diameter  of  cnp,  transverse 026 

Diameter  of  cup,  vertical 022 

Found  on  the  bluffs  of  Upper  Green  Eiver. 

This  species  agrees  in  some  respects  with  the  'verj  \yc\ftl  ^«8fcTv\jNiKftrG. 

J:iveu  by  Marsh  for  bis  Crocodilus  liodon.    He  4oe%  lioXi  \xie\\\Xo\^  ^\ 
utJjjg  of  the  baae  of  the  crown  so  remarkable  \u  ttoi^  «^e»SR»  %  '^^^ 
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states   the  vertebrse  to  be  ^'strongly  ragose"  near  the  extremity,  a 
character  not  seen  in  the  present  animal. 
The  JHplocynodus  subulatus  was  about  as  large  as  the  Mississippi 

alligator. 

DiPLOCYNODUS  POLYODON,  Cope. 

Species  nova. 

Rei)re8ente(l  by  portions  of  cranium  and  teeth,  with  probably  some 
vertebrae  found  close  to  them.  This  crocodile  is  similar  in  size  to  the 
1),  HuhulatuH^  or  our  alligator.  It  differs  much  from  the  last  in  the  ar- 
rangement of  the  teeth.  There  is  one  preeminently  large  canine  oppo- 
site tbe  symphysis,  (in  7>.  subulatus  this  tooth  is  opposite  the  posterior 
end  of  the  same,)  which  is  followed  by  nine  very  small  teeth,  whose 
round  alveoli  are  only  separated  by  very  thin  walls.  Following  the  last 
of  these  immediately  is  another  very  large  tooth,  with  neaiTy  round 
alveolus,  which  is  closely  succeeded  by  other  smaller  teeth  of  larger 
size  than  those  in  front  of  it,  and  not  differing  in  this  respect  among 
themselves.  The  crov^ns  of  the  teeth  are  cyliiidric  at  base,  and  have 
a  double  ridge  on  the  anterior  outer  aspect.  The  enamel  is  obsoletely 
rugose,  striate  at  the  base.  The  external  surface  of  the  dentary  bone  is 
deeply  and  (joarsely  pitted;  at  its  anterior  part  the  pits  are  close,  deep, 
and  small;  on  the  interior  face  they  are  deep,  short  grooves.  There  is 
a  series  of  close,  small  foramina  along  the  inner  side  of  the  alveolse. 

Measurements. 

If. 

Depth  of  sympLysis .^ 0.014 

Diameter  **  anterior  canine  tooth" 008 

Distance  of  same  from  median  "canine" 030 

Depth  (loutary  bou<^  at  latt«r O'-W 

Width  ramus  at  anterior  canine Ow 

This  species  differs  in  many  respects  from  the  one  last  described.  The 
teeth,  anteriorly,  are  much  more  closely  placed,  and  the  anterior  and 
middle  canines  are  less  separated,  and  more  numerous  small  teetli  occupy 
the  interval.  The  splenial  bone  has  a  larger  shiue  in  the  sym[)hysis,  and 
the  sculpture  is  much  more  profoun<l.    The  teeth  are  not  tinted. 

The  type  specimen  was  found  on  the  bluffs  of  Upper  Green  River  by 
the  writer. 

ALLIGATOR,  Cuv. 

The  species  described  below  belongs  to  this  genus,  so  far  as  determin- 
able from  chara(fters  of  the  cranium  and  dermal  scuta. 

TJje  axial  portion  of  the  basi-oecipital  bone  is  a  transverse  vertic;d 
l)late  with  vertical  carina  on  the  distal  half.  The  frontal  bone  exhibits 
no  crests,  and  the  crotaphite  foramina  are  open.  The  quadratojugal 
arch  is  stout.  The  dermal  scuta  are  not  co-ossilied,  and  with  the  cranium 
are  deeply  i>itted. 

Alligator  heterodon,  Cope. 

Proceedings  American  Philosophical  Society,  187*2,  p.  544. 

The  ant<?rior  and  posteviov  teeth  of  this  species  diff'er  exceedingly  in 
shnpe ;  the  former  are  flattewevV,  )^\\viTv-ev\^v-^>  vvw^  '^W^X^U^  incurved; 
the  edges  not  serrate*    Those  ot  tVie  \ive,\siV).^S!^wx^  X^jv^'^k  "^^^  ^x^^vi^-^ws. 
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• 

Kize,  while  one  behind  the  middle  of  the  maxillary  is  larger  than  the  rest. 
The  posterior  teeth  have  short,  very  obtuse  crowns,  with  elliptic  tore  and 
attoutliDe.  They  resemble  some  forms  seen  in  Pycuodout  hshes,  and 
are  closely  striate  to  a  line  on  the  apex.  Tbe  upper  surface  of  the  cra- 
nium is  pitted,  the  frontal  and  parietal  bones  with  large,  deep,  and 
closely  placed  concavities.  Tbe  former  is  perfectly  plane,  and  tbe  latter 
is  wide.  The  squamosal  arch  is  also  wide,  and  the  crotophite  foramina 
are  large  and  open. 

The  dermal  scuta  are  very  large  for  the  size  of  the  animal,  and  were 
not  anited  by  suture.  They  are  keelless  and  deeply  pitted,  with  smooth 
margins. 

The  vertebral  centra  found  with  other  specimens  are  round.  The 
co-ossified  neural  arches  indicate  the  adult  age  of  the  animal. 

Measurements, 

M. 

9ei|;bt  crown  promaxillary  tooth 004 

l^'idth  crown  preiuaxillary  at  base OO'SS 

LoDg  diameter  crown  of  a  maxillary 005 

^ort  diameter  crown  of  a  maxiHary OOt^S 

HTidth  panetal OOi) 

iVidth  htmtal,  iMwterior 020 

SVidth  frontal,  interorbital 010 

liVidth  malar  below  eye 008 

The  variation  in  the  form  of  the  teeth  is  a  slight  exaggeration  of  that 
jeeu  in  the  dentition  of  various  species  of  crocodilians. 

This  species  was  about  three  feet  in  length,  found  by  the  writer  in 
>De  of  the  lowest  beds  of  the  Green  Biver  Tertiary  epoch,  near  Black 
Buttes,  Wyoming. 

The  dermal  scuta  of  this  species  are  very  abundant  in  some  of  the 
xxls  of  the  Green  Kiver  epoch.  Some  of  them  exhibit  a  faint  trace  of 
teel.  Vertebrae  associated  with  them  have  subround  articular  ex- 
remities. 

TESTUDINATA. 
AXESTUS,  Cope. 

Proceed.  Amer.  Philos.  Society,  1872,  p.  462.     (Published  July  29.) 

This  is  a  genus  of  Trionychlda?,  which  is  represented  by  a  species  not 
ully  known.  The  type  specimen  is  represented  by  bones  of  the  limbs 
md  various  vertebne,  with  the  postabilominal  bone  of  the  left  side. 

The  general  characters  are  those  of  Trionyx.  The  scapula  is  elongate, 
he  procoracoid  long  and  narrow,  and  the  coracoid  of  medium  width. 
The  humerus  is  sigmoid,  with  widely  spreading  bicipital  ridges  and  flat- 
ened  extremity  with  marginal  groove.  The  femur  is  also  curved,  but 
ess  strongly  than  the  humerus,  and  has  a  median  anterior  low  angular 
idgc.  The  claws  are  large,  some  curved  and  some  entirely  straight. 
The  cervical  vertebra?  are  relatively  large  and  elongate.  The  two  sacrals 
tre  free  from  the  carai)aee  above,  have  broad  articular  surfaces  for 
liapophyses,  and  flattened  centra.  The  caudals  are  proccelian,  and  have 
\hoTt  diapophyses.  The  postabdominal  bone  has  somewhat  the  form 
\eeu  in  existing  Trionyx.  It  presents  two  dentate  processes  forward 
or  the  hyosternal,  and  two  inward  to  its  mate  in  front.  It  is  pro- 
ODged  backward  and  inward  into  a  flat  process.  It  is  especially  dis- 
wguisbed  by  its  tenuity,  and  the  entire  absence  of  the  superficial 
leolpture  of  Trionyx.    The  usual  dense  layer  is  present,  but  is  quite 
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• 

tbiu,  and  exhibits  the  peculiar  decussating  pattern  of  lines  of  deposition 
characteristic  of  the  same  layer  of  the  dermal  scuta  of  Cracodilians, 
'So  portions  were  obtained  which  can  with  certainty  be  referred  to  the 
carapace.  The  ilium  is  short,  stout,  and  recurved,  and  the  pubis  is 
largely  expanded. 

AxESTTJS  BYSsmus,  Cope. 

Xoc  cU, 

The  procoracoid  and  scapula  are  of  equal  lengths,  and  the  coracoid  is 
much  dilated  distally. 

The  portions  of  the  plastron  preserved  are  thin  for  the  size  of  the 
animal,  and  all  the  bones  are  dense  and  smooth.  Thepostabdominal  has 
the  free  margins  acute  and  senulate.  There  is  an  external  gently  con- 
vex edge,  with  a  long  process  extending  backward,  and  one  long,  nar- 
row one  inward.  The  enamel  is  white,  and  is  marked  with  decussating 
lines  of  osseous  deposit,  as  in  woven  linen.  This  is  not  the  result  of 
weaving.  The  cervical  vertebra  is  without  spine  j  it  is  not  pressed  in 
the  middle,  and  is  without  any  pueumatic  foramen. 

Measurements. 

Length  cervical  vertebra 0. 0h8 

Diameter  at  middle : (»iO 

Diameter  at  eud - OT't 

Diameter  caadal  end  at  ball 010 

Length 013 

Length  of  an  ungnal  phalange 043 

Proximal  depth  nngual  phalange 013 

Length  poHtabdominal,  (broken) ItO 

Width  postabdominal 1:^ 

Locality  of  the  last. 

TRIONYX,  GeoftV. 

Trionyx  heteroglyptus,  Cope,  sp.  nov. 

Carapace  broad,  flat,  concavely  truncate  behind.  Free  portion  of 
costal  bones  short.  The  last  pair  of  costal  bones  are  in  contact  by  a  com- 
mon suture  by  about  two-thirds  their  width,  the  anterior  portion  beinp: 
separated  by  the  last  vertebral  bone.  There  is  a  great  difierence  be- 
tween the  sculpture  of  the  middle  of  the  carapace  ai»d  its  hiteral  por- 
tions. The  former  region  is  coarsely  ribbed  longitudinally,  the  inter- 
vening grooves  being  mostly  uninterrupted.  On  the  niiddle  jmrtious 
of  the  costals  the  ridges  are  more  or  less  broken  u[),  and  distally  they 
are  very  delicate,  forming  an  inosculating  pattern,  inclosing  small  pits. 
On  the  last  costal  they  retain  their  ridge-like  character.  Tlie  jmsterior 
vertebrals  are  marked  by  a  single  groove  down  their  middle. 

Measurements. 

M. 

Width  of  carapace  at  antepenultimate  costal  bone 0.  *J;i5 

Length  from  front  of  carapace  backward 095 

Width  of  carapace,  costal,  distaUy 04S 

Length  of  last  two  vertebrals 0157 

Excavated  from  the  Bridget  bed^  on  the  summit  of  Church  Butte,  by 
the  writer. 


.   OEOLOGICAL  SURVEY*  OF  THE  TERRITORIES.       617 

Trioi^yx  concentricus,  Coi)e. 

« 

ProceediDgs  of  the  American  Philosophical  Society,  1872,  p.  469 ;  published  July  29. 

This  species  reposes  on  various  fragments,  in  one  case  representing 
numerous  portions  of  a  carapace.  The  sculpture  is  intermediate  between 
those  of  T.  heterogJyptus  and  T.  guttatu8.  The  costals  have  subequal 
and  subround  pits  throughout  the  entire  length  of  the  costal  bones,  but 
their  interspaces  are  raised  into  longitudinal  ribs  at  intervals  of  from 
one  to  three  rows  of  pits.  These  ribs  are  equally  developed  at  both 
ends  of  the  costals. 

Measurements. 

M. 

Width  of  a  costal  bone  near  the  middle 0.  OiO 

Thickness  of  costal  bone  near  the  middle 003 

The  type  specimen  is  smaller  than  that  of  the  last. 
From  Cottonwood  Creek. 

Trionyx  guttatus,  Leidy. 

Geological  Survey  of  Montana,  1871,  p.  370. 

Not  uncommon. 

Trionyx  scutitmantiquum,  Cope,  spec.  uov. 

Established  on  a  nearly  perfect  carapace  and  part  of  the  plastrum 
from  the  Bad  Lands  of  Cottonwood  Creek.  These  indicate  the  largest 
species  of  the  genus  yet  found  in  North  America. 

The  carapace  is  a  longitudinal  oval,  broadly  rounded  in  front.  The 
median  line  forms  a  marked  depression,  and  the  costal  bones  rise  and 
descend  again,  forming  an  arch  on  each  side.  The  free  portion  of  the 
ribs  is  not  very  long.  The  sculpture  consists  of  numerous  honeycomb- 
like pits  separated  by  rather  narrow  ridges.  On  the  middle  parts  of  the 
carapace  these  are  subequal,  but  on  the  middle  of  the  length  all  the 
ridges  run  together  longitudinally,  and  on  their  distal  parts  these  are 
broken  up  so  as  to  produce  innumerable  irregular  tubercles  and  pits. 
The  bones  of  the  intercostal  sutures  are  smooth.  Eight  costal  bones, 
the  anterior  co-ositied  with  the  second  by  its  entire  width,  and  sending 
out  a  broad  costal  extremity  which  curves  backward ;  its  anterior  mar- 
gin is  smooth.  Eight  vertebrals,  the  last  separating  the  anterior  por- 
tions of  the  last  costals. 


• 


Measurements. 

Length  carapace 0. 4i5 

Greatest  width  carapace,  axial 410 

Thickness  of  fifth  costal 0075 

Thickness  of  fourth  vertebra 0;U 

Thickness  of  centrum  of  fourth  vertebra 010 

PLASTOMENUS,  Cope. 

Allied  to  Trionyx.     No  (?)  marginal  bones  of  the  carapace  except  & 
nuchal ;  extremities  of  ribs  little,  or  not  projecting  b^^^oviOi  e.Q^V^X^^xi^'^. 
Plastron  united  with  carapace  by  one  or  two  tooUi-Wk^  \>^o^^'ss»^^  o^  ^Xi^ 
hyostemai  and  byposterual  bones.    An  anterior  ptoOivxcuoviQlXXvfc  Va^^ 
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ternal  iDclosiDg  a  median  fontanelle  and  uniting  by  broad  suture  with 
a  clavicle,  (4?i)istenml.) 

This  gonua  is  highly  interesting  as  connecting  more  or  less  nearly  the 
geuus  Trionyx  with  the  ChelydHne  Ibrtn  Anoittira.  It  is  represeuie<l  by 
several  species  iu  the  Bridger  Eocene,  all  of  which  have  the  sculpture  of 
both  of  the  genera  named.  The  plastrou  is  ossified  nearly  as  in  Anosf- 
iira^  but  in  the  numerous  speciiiieus  obtained  there  was  not  oue  mar- 
ginal bone.  Nevertheless  the  stix)ng  euiarginatiou  of  the  proximal  eod 
of  the  second  costals  proves  the  presence  of  a  nuchal  margiual,  which 
does  not  exist  ill  Trwnyx  ;  if  there  were  other  marginals  they  must  have 
been  small  and  inclosed  iu  a  cartilaginous  margin.  The  first  costals 
were  much  shorter  than  the  second  and  much  as  in  Trionyx.  A  costal 
l)roce88  of  the  tirst  dorsal  extended  backward  and  was  attached  by 
suture  to  the  second  costal  bone  just  in  front  of  its  capitulum  as  in 
Trionyx^  Chelydra.  &c.  A  singular  sternal  bone  accompanies  the  speci- 
mens of  P.  ihomoHii  and  P.  irionyclioides^  but  partially  fractured  in 
both  cases  so  as  to  leave  its  position  uncertain.  It  can  be  nothing  else 
than  the  median  portion  of  a  hyosternal  with  the  outer  exti'emity 
wanting.  It  bounds  a  fontanelle  interiorly,  which  nearly  reaches  the 
hyi)osternal ;  anteriorly  it  ha^  sutures  for  both  mososternum  and  clavi- 
cle. It  is  entirely  unlike  anything  iu  Trionyx;  it  is  thickened  toward 
the  median  line,  and  strongly  sculptured  externally.  The  hyosternal  or 
hyposternalof  the  "  bridge  "indicates  that  portion  to  have  been  loug,and 
about  as  wide  as  is  usual  in  Trionyx.  Its  free  edge  is  thin ;  the  sutural 
union  with  the  other  component  bone  complete. 

The  ty[)e  of  the  genus  is  P.  Hioma^ii^  (Trionyx  thomaMi,  Cope.)  Other 
spt^cies  have  been  referred  by  me  to  Anostira.  The  largest  species 
(P.  multifoveatus)  was  about  as  large  as  the  snapper^  the  smallest  (P. 
inolopimi^)  as  large  as  Ghrysemys  picta. 

PLAST03IENUS  TUOMASII,  CopC. 
Tnonyx  thomamiy  Co]}e.    Proceed.  Anier.  Phil.  Soc.  1872;  462.     (Published  July  29.) 

Represented  by  various  p«irts  of  three  individnnls,  a  sufficient  num- 
ber of  identical  pieces  being  present  in  all  to  insure  their  s[)ccitic  unity. 

The  bones  of  both  carapace  and  plastron  have  a  honeycomb  ])attern 
of  reticulation,  with  shallow  pits,  which  on  wcjithering  become  punctje. 
The  intervening  ribs  tend  to  connect  into  ridges  running  diagonnlly 
across  the  costal  bones.  The  pits  tend  to  form  linear  s«»ries  parallel  to 
the  borders  on  some  of  the  bones  of  the  ])lastron.  Tin*  latter  are  flat 
at  the  transverse  suture.  The  last  costal  is  very  wide  and  in  contact 
with  its  fellow  on  the  median  line,  as  in  other  species  of  the  genus, 
except  a  sutural  emargination  behind,  apparently  for  a  pygal  bone. 
The  outer  border  is  straight,  truncating  the  last  rib  extremity. 

Measurements. 

M. 

Thicikiios-s  of  a  cosfal li(U 

Width  last  (tostal  distally 048 

\Vi<lth  hyosternal Ol"? 

'I'hickiR'ss  hyoRtiTnal , IK)."*! 

L«Mi«;ih  of  a  vt'itebral OlS 

Width  of  a  vertobral 014 

Two  of  the  jipecAmeuft  ^vo\T\tW  Bad  Lands  of  Cottonwood  Creek,  Wy- 
oming.    Named  tor  Dr.  Jo^.  T\io\uvv^^  ol  \?V^eAvi\>^\i\';\..^\!Cv^  ^v^vmer  tutor. 
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Plastojcenus  trionychoides,  Cope. 

futiira  trioMychoide8f  Cope.    Proceed.  Amer.  Philos.  Society,  ltf72,  p.  461.    (Publislied 

July  29.) 

rbe  origiDal  specimen  of  the  species  was  fonnd  miugled  with  oue  of 
loslira  ornaia,  aud  bein^  of  about  the  Bame  size  the  two  were  su])po8ed 
|H*rtaiu  to  a  single  species.  I  now  distinguish  the  fragments  clearly, 
d  find  portions  of  three  other  individuals  from  otiier  localities  to  per- 
D  to  the  same.  One  of  these  presents  the  two  sternal  elements  de- 
ibed  in  the  preceding  account  of  P.  Thomam. 

rUe  sculpture  of  the  costal  bones  consists  of  reticulated  ridges  which 
slose  coarser  pits  than  in  the  last  species,  and  show  no  tendency  to 
a  into  ribs  extending  obliquely  across  the  bones.  The  second  costal 
hibits  a  greatly  leveled  suture  for  the  first,  and  its  alar  portitm  l>ehind 
coital  rib  is  twice  as  wide  as  the  latter.  The  hist  costal  difi'ers  from 
it  of  P.  Thomami  in  being  angulate .instead  of  truncate  at  the  rib  ex- 
)uiity,  and  the  latter  projects  strongly  beyond  the  angle.  In  the  second 
ifciuieu  the  sternal  bones  are  much  more  convex  than  in  P.  Thomasii 
d  more  thickened  inwardly.  Those  of  the  specimens  from  the  Bad 
uds  of  Cottonwood  Creek. 

Plastomenus  multifoveatus.  Cope,  spec.  nov. 

Represented  by  the  costal  bone  of  a  specimen  of  much  lai'^er  size  than 
3  preceding  and  following  si)ecies.  lt«  sculpture  is  a  shallow  but  sharply 
pressed  honeycomb  pitting,  smaller  than  in  the  preceding  species. 
us  there  are  seventeen  or  eighteen  pits  across  the  middle  to  seven  or 
^bt  in  P.  trionychoides.    No  ribs  whatever. 

» 

Measurements. 

M. 

dth  coatal  at  middle (h>40 

(Itli  costal  at  cud (KJCO 

Ickue88  at  uiiddle 0035 

Plastomenus  cedemius,  Cope. 

Ano9iira  ttdemxa,  Cope.    Proceed.  Amer.  Philos.  Soc,  1872»  p.  4G1,  (July  29.) 

Represented  by  most  of  the  important  parts  of  three  speciuieiis.  These 
display  the  last  and  middle  costals,  and  two  of  them  the  second  cos- 
&  Sternal  bones  are  wanting,  except,  perhaps,  in  one. 
Prom  these  it  a[)pear8  that  the  anterior  costals  have  a  distantly  punc- 
»  sculpture,  with  rib-like  swellings  running  diagonally  a(;ross  them. 
I  the  middle  costals  the  puncta^  disai)pear  aud  the  ribs  grow  thicker ; 
the  laS|t  costals  the  ribs  are  broken  into  a  numbt^r  of  smooth  tuber- 
lar  .swellings  whose  axes  are  nearly  at  right  angles  to  that  of  the 
rapace.  The  second  costal  has  its  i>osterior  alar  portion  twice  as 
d©  as  the  rib  i)ortion  ;  its  suture  with  the  first  costid  is  very  oblique 
d  bounded  behind  by  a  rabbet  edge.  The  last  costals  are  peculiar  in 
eir  union  throughout  their  entire  length  without  emargination  for 
gal,  and  in  the  gently  convex  posterior  outline,  with  projecting  rib 
d,  differing  in  these  respects  markedly  from  P.  Thomasii  and  P.  tH- 
ychoides. 

Measurements, 

M. 

.  1.  Leogth  last  costal,  commou  suture 0. 045 

Length  laut  costal,  anterior 0G3 

]>i]gth  last  costal,  exterior  border 052 

Width  middle  costal 020 

Thickuess  middle  costal 004 
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No.  2.  Width  first  costal,  proximally 0\tG 

Width  tirst  costal  behind  rib,  distally 014 

No.  3.  Width  inid(Ue  cofttJil tfcil 

Two  of  the  speciiueus  from  Cottouwood  Creek. 

Plastomenus  molopinus,  Cope. 

Proceed.  Amor.  Philos.  Soc.,  1872,  p.  4C1,  (July  29,)  Anostira. 

i  First  costal  bone  with  wide  rib,  the  aliform  border  behind  it  not  more 
than  half  its  width.  Suture  for  first  costal  distal,  obliquely  tnincating 
end  of  rib,  vertical  and  not  oblique.  External  surface  of  the  same 
coarsely  pitted,  and  with  obscure  oblique  ribs.  Median  costals  with 
approximated  thick  cross-ribs,  with  obsolete  punctations  between. 

This  si)ecies  is  near  the  P.  oedemius^  but  differs  considerably  in  the 
form  of  the  first  costal  bone.  The  type  is  smaller  than  those  of  the 
latter. 

Measurements. 

M. 

Width  first  costal  at  extremity Ol'^fO 

Width  first  costal,  .75  inch  from  end 0;;iO 

Width  Ota  middle  costal 0140 

Thickndss  of  a  middle  costal 0065 

From  the  Jiridger  group,  Wyoming. 

ANOSTIEA,  Leidy. 

Proceedings  Academy  Nat.  Sci.,  1871,  p.  10!^ 

In  this  genus  the  epidermis  was  thin  and  adherent  to  the  l>ones,  and 
not  divided  into  scuta.  The  carapace  is  composed  as  in  Efiiydidce  of 
costal  vertebral  and  marginal  bones,  the  last  united  to  the  first  liy  sutnrc 
and  goniphosis.  The  series  of  vertebrals  does  not  continue  to  the  Ciiu- 
dal,  except  by  the  intervention  of  a  pygal.  The  sternum  is  cruciform, 
with  narrow,  longitudinal  prolongations,  or  lobes,  and  narrow  bridges. 
It  appears  not  to  have  possessed  any  fontanelles,  but  the  presence  oF 
niesosternuni  is  not  yet  fully  made  out.  The  cranium  and  limbs  are 
unknown.  This  genus  must  be  regarded  as  an  interesting  intermediat** 
type,  connecting  riuHiomcnnn  and  Chelydra,  or  Dermal  t  my  a.  In  skin 
and  sculpture  it  is  identical  with  the  first;  in  carapace  and  plastron, 
most  like  Chelydra, 

Two  species,  a  large  and  a  small,  are  known. 

Anostira  radulina,  Cope. 

Proceed.  Anier.  Philos.  Society,  1872,  p.  555,  (published  October  12.) 

Based  on  two  marginal  bones,  one  from  the  front,  the  other  from  the 
rear,  of  the  carapace  of  an  animal  of  twicte  the  bulk  of  the  largest  Anon- 
tire  yet  found.  Apart  from  size,  the  sculpture  is  peculiar.  It  consists 
in  the  anterior  of  closely  packed  vermicular  ridges  which  run  out  flat 
on  the  posterior  and  upper  edge.  In  the  posterior  it  consists  of  only 
closely  placed  minute  tubercles  over  the  whole  surface. 

Measurcme^its. 

Length  front  on  free  edge 0. 025 

Width  front  on  free  edge friCJ 

Length  posterior  on  free  edge Oj5 

Width  posterior  on  free  edge OiSi 

Bad  Lands  of  Ham's  Fork^  Wyoming. 
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Anostira  ornata,  Leidy. 

Loc.  ^t. 

From  Bad  Lands  of  Upper  Green  River  and  Cottonwood  Creek. 

BA:eNA,  Leidy. 

Geological  Survey,  Wyoming)  1870,  p.  367 ;  Survey,  Montana,  1871,  p.  368.    Chiateruum, 

Leidy.    Proceed.  Academy  Nat.  Sciences,  1872,  p.  162. 

Family  Baenidce  agreeing  with  the  Adocidcc/*  in  the  presence  of  inter- 
gnlar  scuta,  and  the  absence  of  coossification  pf  the  ischium  and  pubis 
with  the  plastron,  but  differing  in  the  presence  of  an  intersternal  bone 
on  each  side,  as  in  the  Pleurodira.  As  generic  characters,  it  possesses 
two  marginal  intergular  plates,  which  resemble  the  gulars  of  Emydidce ; 
it  has  a  series  of  intermarginal  scuta,  and  the  free  lobes  of  the  sternum 
are  narrowed  and  shortened ;  the  bridge  is  very  wide.  The  dermal 
scuta  are  e ver v  where  distinct.  The  mesosteraal  bone  is  in  form  between 
T-shaped  and  sagittate.  The  last  pair  of  marginals,  instead  of  being  in 
contact,  are  separated  by  a  wide  emargination. 

The  aihnities  of  this  genus  are  complex  and  interesting.  It  would 
be  a  pleurodire,  but  for  the  fact  that  the  pelvis  is  not  coossitied  with  the 
plastron;  nevertheless  there  are  rudiments  of  this  union  in  the  form  of 
a  shallow  pit  on  each.  The  posterior  or  f  ischiadic  is  near  the  posterior 
end,  and  on  the  lateral  margin  of  the  postabdomiiial  bone ;  it  is  of  a 
narrow  oval  form.  The  anterior  is  shallow,  and  sublaterally  impressed 
into  the  side  of  the  upright  septum,  which  supports  the  carapace. 
Whether  it  received  the  pubis  or  not  is  uncertain. 

The  double  intergular  scuta  is  not  found  in  any  existing  genus  of 
Pleurodira, 

The  posterior  margin  of  the  carapace  is  excavated,  as  in  Chelydra, 
but  the  margin  is  more  arched  in  this  position  in  CJmternum.  The 
form  suggests  the  presence  of  a  large  tail,  and  the  serrate  margin  of 
the  carapace  posteriorly  reminds  one  again  of  Ghelydra.  There  are  in 
B.  arenosa  fourteen  marginal  scuta,  without  the  nuchal;  in  Clielydra 
serpentina^  as  in  Emydidw,  but  thirteen. 

There  are  prominent  axillary  and  inguinal  septa,  as  in  some  Emydidce, 
They  are  composed  of  the  produced  edges  of  two  coossified  costal 
bones. 

The  afQnities  appear  to  be  to  Adocus  on  the  one  side,  and  Hydraspididce 
on  the  other,  perliaps  as  descendant  of  the  former  and  ancestor  of  the 
latter.  It  also  possesses  traces  of  other  relationships  of  AdoctiSj  i.  e.j  to 
DermatemySj  and  more  remotely  to  Chelydra. 

Ba:^na  hebraiga.  Cope. 

Bdena  hebrcUc(i,    Proceed.  Amer.  Philos.  Society,  1872,  p.  463,  (pablished  July  29.) 

General  form  depressed  and  discoid,  as  wide  as  long.  Bridge  wider 
than  long,  but  the  length  equal  to  the  width  of  the  bases  of  the  sternal 
lobes.  Anterior  lobe  longer  than  wide  at  the  base,  and  narrowed  at  the 
extremity.  The  inguinal  and  axillary  septa  are  very  prominent.  The 
edge  of  the  carapace  from  the  front  to  the  inguinal  region  is  without 
emargination.    All  the  osseous  elements  are  coossified. 

The  scuta  are  well  distinguished.  The  unchal  is  very  small  and  wider 
than  long ;  the  first  marginal  is  shorter  but  more  prominent.  The  second 
and  third  are  larger  but  narrow ;  the  fourth  and  fifth  are  wider,  but  th^ 


Proceed.  Amer.  Philos.  Soc,  1870,  p.  ^T . 
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sixth  widens  by  an  inward  projection  of  its  border  so  as  to  meet  the  in- 
tercostal suture  between  the  second  and  third  costal  scuta.  From  this 
one  to  the  ninth  (as  far  as  preserved)  the  inner  margins  are  produced  so 
far  as  to  make  the  scuta  nearly  twice  as  wide  as  long,  when  viewed 
from  above.  The  first  costal  is  sm^ll,  its  posterior  border  is  curved. 
The  first  vertebral  is  pyriforni,  truncate  in  front.  It  is  (perhaps  abnor- 
mally) divided  by  a  transverse  suture  into  a  quadrate  anterior  and 
cordate  transverse  posterior  portion.  The  other  vertebrals  are  somewhat 
longer  than  broad  and  are  separated  by  sutures  convex  anteriorly. 

The  intermarginal  scuta  are  all  wider  than  long:  their  number  is  nor- 
mally four,  but  a  narrow  one  is  intercalated  behind  the  inguinal  on  one 
side.  The  longitudinal  suture  of  the  acutes  of  the  plastron  is  exceed- 
ingly tortuous,  winding  between  points  more  than  an  inch  apart.  The 
gnlars  and  intergulars  are  transverse  and  bounded  by  transverse  sutures. 
They  cross  the  median  suture  (which  is  straight  on  the  anterior  lobe) 
some  distance  apart.  The  humerals  arc  long  and  the  humeroi)ectoral 
scutal  suture  is  convex  backward,  its  extremities  reaching  the  margin 
in  front  of  the  axillc'e.  The  anterior  extremity  of  the  anterior  sternal 
lobe  has  a  <]uadri]obate  outline. 

The  surface  is  smooth  except  along  the  lines  of  intercostal  sutures, 
where  short  grooves  parallel  to  the  general  axis  alternate  with  protu- 
berances having  the  same  direction,  ihe  whole  having  somewhat  the  ap- 
pearance of  sculptured  characters. 

Measurements. 

M. 

Length  carapace  (axial)  (19  inches) 0.500 

Width  carapace  (axiul)  (19  inches) 500 

Length  of  plastron  from  groin '. i!95 

Width  of  base  anterior  lobe LSft 

Width  extremity  anterior  lobe  (at  gnlars) Ot^) 

Length  of  anterior  lobe  (at  gulars) 1*4^ 

Width  of  nuchal  scute Oil 

Length  nnchal  scute i)'2A 

J^ength  tbird  marginal (»;>8 

Width  tbird  marginal - .  015 

Width  eighth  marginal 090 

Length  eighth  marginal 0()3 

This  species,  when  compared  with  its  nearest  ally,  C.  undatumj  differs 
in  the  greatly  wider  marginal  scuta;  in  the  latter  the  corresponding  ones 
(()_7-^S-0)  are  much  longer  than  wide,  as  in  most  other  tortoises.  The 
intermarginal  scuta  are  of  more  elongate  forms,  and  the  normal  number 
is  five  in  /i.  undata,  instead  of  four.  The  sculpture  in  the  longer-known 
species  is  entirely  distinct,  consisting  of  pits  and  tubercles  scattercMl 
generally  over  the  surface,  while  the  peculiar  sculx)ture  of  the  suture 
lines  is  wanting.    ('.  hehraicxim  is  relatively  wider. 

Bad  Lands  of  Cottonwood  Creek. 

Baena  TTi^DATA,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  360. 

A  partially  complete  specimen  of  this  species  presents  the  following 
characters.  The  anterior  lobe  of  the  plastron  is  as  wide  as  that  of  K 
hehraicaj  but  little  more  than  half  as  long.  The  posterior  lol)e  is  trun- 
cate at  the  extremity.  The  nuchal  scute  projects  beyond  the  first  mar- 
ginal ;  the  reverse  is  the  case  in  the  type  of  B.  hebraica.  The  posterior 
sutures  of  the  intergular  and  gular  scuta  have  a  common  center,  and 
that  of  the  gular  hvia  a  rectangular  curvature,  the  nearly  transverse 
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middle  portion  slightly  convex  forward.    The  suture  separating  the 
femoral  and  anal  scuta  is  similar,  but  reversed  in  direction,  presenting 
two  obtuse  right  angles,  two  portions  being  transverse  and  one  longi- 
tudinal on  each  side. 
From  Bliick's  Fork  and  other  localities. 

Ba^na  aret^osa,  Leidy. 

Loo,  dt,   Baena  affinis,  Leidy,  ibid. 

A  perfect  specimen  of  smaller  size  than  those  of  the  preceding  species, 
and  one  about  equal  to  the  Ptychemys  rvgosa^  is  not  dissimilar  in  form. 

The  carapace  is  strongly  convex,  and  all  its  component  part«,  as  well 
as  those  of  the  plastron,  are  co-ossified.  The  sutures  of  the  intersternal 
bones  are  visible.  The  posterior  end  of  the  carapace  is  arched  upward, 
and  smoothly  excavated;  the  posterolateral  borders  are  thin,  and 
deeply  notched  as  the  ends  of  tbe  scutal  sutures.  Similar  but  shal- 
lower emargiuations  mark  the  borders  of  the  marginal  scuta.  The 
anterior  margin  is  slightly  concave.  The  lobes  of  the  plastron  are 
narrow,  the^  posterior  wider  and  slightly  emarginat^  The  bridge  is 
wide,  and  not  more  than  half  as  long  as  the  width  of  the  base  of  the 
posterior  lobe. 

The  general  surface  is  minutely  rugose  or  shagreeued,  on  the  plastron 
strongly  so,  and  without  other  sculpture.  The  carapace  is  marked  by 
strong  grooves  disposed  in  a  regular  manner.  A  double  groove  extends 
along  the  median  line  of  the  second,  third,  and  fourth  vertebral  scuta. 
Other  grooves  are  nearly  parallel  to  this  one,  whose  extremities  di- 
verge to  the  angles  of  the  vertebral  scuta.  At  the  anterior  angles  of 
the  costal  scuia  oblique  grooves  converge  toward  the  vertebrals,  and 
are  continued  backward  as  parallel  to  the  median  line.  They  are  sepa- 
rated by  parallel  tuberosities.  On  the  first  and  last  vertebral  scuta 
there  are  transverse  grooves  next  the  adjacent  vertebrals,  and  longi- 
tudinal ones  toward  the  margins  of  the  carapace. 

The  scuta  are  well  marked.  The  marginals  are  all  longer  than  wide, 
except  the  four  preceding  the  last,  which  are  all  wider  than  long.  The 
last  is  suboval,  and  is  very  small,  while  the  anal  is  altogether  wanting. 
The  nuchal  is  divided,  (it  is  single  in  J5.  kehraica;)  tbe  first  marginal  is 
very  smjill  and  projecting;  the  third  is  longer,  while  the  fourth,  fifth, 
and  sixth  are  rather  short.  The  vertebral  scuta  are  all  longer  than 
wide,  and  the  fourth  is  deeply  emarginate  to  receive  the  last  scute. 
The  first  is  a  broad  triangle  with  anterior  angle  truncate,  and  the  two 
basal  ones  cut  off  to  a  less  degree. 

The  scutal  sutures  of  the  plastron  are  but  little  sinuous.  The  intergu- 
lars  have  precisely  the  form  of  gulars  of  Emydes,  The  ])osterior  gular 
suture  crosses  the  median  line  a  short  distance  ))osterior  to  those  of 
the  intergulars,  and  each  half  consists  of  an  obtuse  V  directed  backward. 
The  posterior  humeral  suture  originates  in  front  of  the  axilla.  There 
are  four  intermargiual  scuta  on  the  one  side  and  three  on  the  other, 
the  additional  one  being  a  small  one  behind  the  left  axillary.  The 
femoro  anal  suture  is  nearly  straight. 

Measurements. 

LcDffth  of  carapace,  (axial) 0.450 

Wicith  of  carapace,  (axial) ' 240 

Length  of  plostron 290 

Length  of  anterior  lobe QSl 

Length  of  posterior «^^^^ 

Width  of  extremity  anterior  lobe •'5R^ 
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M. 

Widtb  of  extroiiiity  posterior  lobe 057 

LtMi^t  h  of  inicbul  scuta 0'^ 

J^i'iigtb  of  tbird  margiual 0„*3 

Widtb  of  third  marginal 020 

Widtb  of  fourtb  margiual 024 

Lengtb  of  fourtb  margiual •. O'JS 

Leugth  of  eigb tb  marginal OCO 

Widtb  of  eigbtb  marginal 035 

This  species  differs  in  mauy  details  from  the  prececjing  species,  nota- 
bly in  the  form  ot  the  marginals.  The  anterior  are  wider  than  in  either 
species,  while  the  median  are  narrow  as  in  C.  undatum.  The  sculpture 
is  very  distinct  from  that  of  either. 

From  the  Bad  Lands  of  Ham's  Fork,  Wyoming. 

BaISna  ponderosa,  Cope,  sp.  nov. 

Established  on  numerous  fragments  of  a  specimen  of  a  species  which 
I  cannot  refer  to  this  genus  with  certainty,  but  which  agrees  with 
the  species  already  known  in  some  particulars  of  structure.  Thus  the 
last  marginal  plates  were  separated  by  an  excavation  of  the  posterior 
border;  at  least  this  is  the  only  position  to  which  I  can  refer  a  portion 
of  the  margin  of  the  cara])ace  where  the  marginal  scutes  suddenly  cease; 
the  lateral  ribs  of  the  bridge  are  received  into  a  deep  pit  between  two 
costals. 

The  margiual  and  other  bones  are  very  massive,  much  more  so  than 
in  any  otlier  known  water-tortoise  of  this  formation.  The  margins  of 
the  former  are  thickened,  especially  at  the  last  marginal  scute,  which 
is  on  a  massive  protuberance.  The  sutures  are  entirely  regular.  The 
lateral  margiual  scuta  are  about  as  long  as  broad.  The  surface  of  the 
shell  is  marked  with  irregular  impressions,  which  are  sometimes  like 
raindrop  pits.  A  posterior  vertebral  bone  possesses  a  median  rib  simi- 
lar to  that  in  Dermateinys  ryomhujensis. 

Measurements, 

M. 

Lengtb  of  an  anterior  marginal  scute , ^ 015 

Widtb  of  an  {intciior  marginal  scute OIW 

Tbickne^H  of  bone  at  anterior  marginal  scute (hi.*? 

I^ongtb  of  a  free  nnirgi nal  bono Or^) 

Widtb  of  a  free  margiual  bone 057 

Lengtb  of  lirst  margiual  of  bridge (KH) 

Tbickness  at  simple  end 0:23 

From  the  Bad  Lands  of  Ham's  Fork,  Wyoming. 

IiERMATEMYS,  Gray. 

BdptemijSy  LchJt/j  lor.  rit. 

This  gouus  is  similar  to  Emys  in  the  structure  of  the  carapace  and 
})laslron,  except  that  the  lobes  of  the  latter  are  narrower  and  shorter. 
The  scutii  are  similar,  excepting  that  there  is  a  series  of  intermarginals 
on  the  bridge  ou  each  side.  There  are  thirteen  marginals  on  each  side, 
those  of  the  last  i)air  in  contact  throughout.  In  a  specimen  of  the  only 
species  known,  I  iind  a  trace  of  an  intergular  scute  as  is  sometimes  seen 
in  J),  berardllj  now  living  in  Mexico. 

Dermatemys  wyo]mingensis,  Leidy. 

Loc.  cit. 

From  various  locaWUe^. 
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EMYS,  Brong. 
Section  Palwotheca^  Cope. 

Proceed.  Amer.  Philos.  Society,  1S72,  p.  463 ;  Notomorpha,  L  c,  1872^  p.  474. 

This  genus  is  composed  of  Emydidoe  in  which  the  marginal  and  costal 
bones  are  united  by  suture  with  the  weak  gomphosis  of  many  of  the 
recent  forms  of  the  family.  The  plastron  is  united  by  sntural  attach- 
ment of  the  prolonged  borders  of  the  bridge  to  one  or  two  adjacent 
costal  bones,  in  an  elongate  pit  of  greater  or  less  elevation.  This  eleva- 
tion may  be  so  produced  as  to  constitute  axillary  and  inguinal  septa  as 
in  the  recent  genus  Batagvr,  In  many  of  the  species  the  anterior  or 
axillary  suture  is  on  a  single  costal,  the  posterior  on  the  produced  mar- 
gins of  two.  Several  of  the  species  are  of  small  size  and  with  strongly 
convex  carapace.  Some  of  these  might  be  suspected  to  be  young  of 
others  already  known,  but  for  the  fact  that  their  component  pieces  are 
generally  more  massive  and  their  sculpture  more  pronounced.  They 
redemble  in  several  superficial  respects  our  Oistttdinea, 

I  formerly  (Extinct  Batraohiaand  Reptilia  N.  A.,  &c.)  described  a  genus 
Agamphus  of  the  Cretaceous  period  as  having  the  character  of  articula- 
tion of  the  marginal  bones  without  gomphosis ;  in  this  some  Eocene 
forms  agree  with  it.  Additional  specimens  of  A.  petrosusj  Cope,  the  type, 
show  that  it  possesses  a  series  of  intermarginal  scuta  as  in  Adocus  and 
Dermatemys, 

Some  of  the  species  (J^.  testudinea^  &c.)  I  originally  placed  in  a  sepa- 
rate genus,  Noto7norphay  on  the  supposition  that  they  were  pleurodire. 
The  costal  articulations  of  the  bridge  are  identical  in  form  with  those 
of  the  pubis  in  many  pleurodire  genera,  {TaphroaphySj  e.  g.,)  and  are  so  ob- 
lique as  to  be  similar  to  these  in  position  also  in  relation  to  the  lateral 
sutures  when  the  flat  costal  is  not  complete.  The  species  appear  to  be- 
long to  the  present  genus. 

Most  of  the  smaller  species  were  found  in  strata  of  the  Green  River 
epoch,  near  Black  Butte  and  Bvanston ;  the  larger  species  occur  in  the 
Bridger  beds  proper.    The  following  is  a  synopsis  of  the  species : 

I.  The  bridge  sutures  not  or  moderately  elevated  on  a  single  costal  at 
one  extremity  of  the  carapace  only. 

a.  Dorsal  line  with  a  projecting  keel. 

U,  polycyphiis;  E.  terrestris;  E.  megaulax;  E.  pachylomus. 
aa.  Dorsal  line  not  keeled. 

/?.  Mesosternal  not  reached  by  gular  scuta. 

E.  teatudineus;  E.  euthnetus. 
pp.  Mesosternal  entire,  bearing  part  of  gular  scuta. 

E,  gravis  ;  E.  wyomingensis  ;  E.  latilabiatiis. 

II.  The  bridge  sutures  on  promineilt  septa,  which  are  composed  of  ad- 
jacent parts  of  adjacent  costal  bones. 

E.  septariua. 

Emys  septaeius,  Cope. 

Established  on  a  nearly  complete  specimen  of  the  size  of  Ptychemys 
nigosa.  The  carapace  is  rather  thin  and  the  sutures  not  obliterated. 
The  vertebrae  are  sessile  on  the  vertebral  bones.  The  form  is  quite 
convex.  The  plastron  is  flat  and  rather  stout.  The  mesosternnm  is 
rhombic,  the  longer  angle  anterior  on  the  outer  side,  but  posterior  on 
the  inner  side.  Its  anterior  angle  is  embraced  by  the  gular  scut^i. 
The  anterior  lobe  of  the  plastron  is  contracted  near  the  axillae,  and  flared 
with  a  thin  edge  in  front  of  it;  then  contracted  to  V\i^  Y^XVisst  TiactYo^  \v^ 

40  a  s 
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of  the  middle  front  The  posterior  lobe  is  somewhat  flared  and  has  a 
wide  beveled  margin,  and  is  deeply  notched  behind,  the  notch  being 
close  and  the  lobes  projecting. 

The  surface  is  delicately  sculptured  with  obsolete  ridged  lines  across 
the  axis  or  the  costal  bones.  The  vertebral  region  is  somewhat  swollen 
between  the  cross-sutures,  which  present  an  obtuse  angle  in  the  same 
direction,  both  before  and  behind.  The  scuta  are  longer  than  wide,  and 
have  bracket-shaped  outlines.  The  surface  ha&  the  obsolete  ridges, 
which  diverge  in  every  direction  from  the  median  inlooking  angle  of 
one  end,  but  are  mostly  longitudinal. 

In  old  specimens  this  delicate  sculpture  might  become  obsolete. 

Measurements* 

ic. 

Length  of  plastron • 0.335 

Width  of,  at  groin 150 

Width  lip • 054 

Length  lip 030 

Width  claviqnlar  bone  behind 041 

Width  nieHOfitorual  externally - : 058 

Length  roesosternal  externally 045 

Thicicness  hyostemal  behind 015 

Length  of  vertebral  scntum  , 072 

Width  of  vertebral  scutum • 068 

Width  of  a  costal  bone 029 

Thickness  of  a  costal  bone 006 

Found  in  the  Bad  Lands  of  South  Bitter  Greek  by  the  writer. 

Emys  latilabiatus,  Cope. 

Proceedings  Amer.  Philos.  Soc.,  1872,  p.  471. 

Represented  by  a  iierfect  specimen  of  a  tortoise  of  a  broadly  oval 
form,  and  somewhat  terrestrial  habit.  Its  prominent  characters  are  to 
b(»  seen  in  the  plastron,  of  which  the  ])08terior  lobe  is  deeply  bifurcate. 
The  anterior  lobe  is  peculiar  in  the  unusual  width  of  the  lip-like  pro- 
jection of  the  clavicular  (''episteruaP')  bone,  which  is  twice  as  wide  as 
in  E,  vyomingenHis^  and  not  prominent.  Bones  all  smooth  ;  margins  of 
lobes  of  plastron  thickened. 

There  are  three  scars,  perhaps  of  muscular  insertions  near  the  poste- 
rior margin  of  the  phistron,  one  oval  one  oi)posite  to  each  lobe,  and  one 
round  one  opjmsite  to  the  notch. 

As  compared  with  E,  septarius  this  species  has  no  such  septa  nor 
sculpture;  the  emargination  of  the  plastron  is  more  open,  and  the  hp 
much  shorter  and  wider. 

Measurements. 

M. 

* 

Length  of  carapace 0.255 

Width  of  carapace 2.'it) 

Width  of  lij)  of  jdastroii uG 

Depth  of  posterior  notch 02 

From  near  Black's  Fork  of  Green  River. 

Emys  wyomingensis,  Leidy. 

Geological  Survey  Montaoa^  1871,  p.  367. 

Abundant  in  the  Bridger  formation. 

Emys  gravis,  Cope. 

Nofomorpha  g^ravis  and  X.  garmaniij  Cope,  Proceed.  Amer.  Philos.  Soc,  1872,  p.  476,  477. 

The  preceding  names  vfeivi  u^vid  to  designate  what  were  supposed  to 
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represent  diflferent  species,  which  were  stated  to  diflfer  in  the  form  of 
the  episternal  bone.  This  difference  appears  with  farther  observation 
to  be  less  important  than  was  supposed. 

This  species  is  known  by  portions  of  several  specimens.  The  type  is 
liirger  than  any  of  the  la«t  described,  and  equaled  some  of  the  Cliloni- 
iil(e  of  the  ocean  in  dimensions.  The  right  hyosternal  bone  indicates 
both  resemblance  and  difference  from  the  N.  teatndinea.  The  former  is 
seen  in  the  internal  thickening  parallel  to  the  margin,  bounded  behind 
by  a  deep  groove  extending  to  the  axilla.  A  peculiarity,  in  which  it 
differs  from  the  N.  testudinea,  is  seen  in  the  posterior  position  of  the 
humero-pectoral  dermal  suture,  which  originates  at  the  axilla.  The 
epihyostemal  suture  is  concave.  The  thickened  portion  of  the  epister- 
nal margin  is  shorter  and  wider  than  in  the  species  just  named,  the 
width  being,  to  the  length  as  2.5  to  2  pn  N.  tesUidinea,  as  1.5  to  2. 

Measurements. 

Thickness  of  hyosternal  anteriorly Oil 

Width  of  costal,  (f)  second  specimen 058 

Surfaces  not  sculptured. 

From  Green  River  strata,  near  Evanston,  Wyoming. 

Emys  testudineus,  Cope. 

Notamorpha  testudineaj  Cope,  loc.  cit.f  p.  475. 

Represented  by  portions  of  four  or  more  individuals.  In  one  of  these 
the  anterior  lobe  of  the  plastron  is  in  part  preserved.  The  mesosternum 
is  a  transverse  oval,  the  posterior  margin  regularly  convex,  the  anterior 
with  three  equal  borders.  The  median  of  these  is  concave.  The  sutures 
are  radiating,  and  tlie  groove  separating  the  humeral  scuta  appears  to 
traverse  the  entire  length  of  the  bone.  The  outer  surface  is  gently  con- 
vex. The  free  margin  of  the  episternal  and  hyposternal  bones  is  acute, 
and  with  an  internal  thickening,  as  in  Cistudo^  TestudOj  &c.,  forming  a 
ridge,  with  abrupt  inner  face.  This  face  extends  backward  as  a  groove 
to  the  axillary  process  of  the  hyosternal,  forming  a  chai*acteristic  mark. 
Although  the  extremity  of  the  episternal  bone  is  lost,  and  the  meso- 
sternal  exhibits  no  trace  of  the  intergular  scute,  the  outer  sutures  of  the 
gular  scuta  are  so  far  posterior  as  to  render  it  highly  probable  that  the 
intergular  plate  existed.  At  the  point  where  this  suture  reaches  the 
margin  the  latter  is  openly  emarginate.  The  posterior  suture  of  the 
humeral  scute  crosses  the  margin  half  way  between  the  axilla  and  the 
episternal  suture,  and  is  not  marked  by  a  notch.  The  last-named  suture 
is  transverse.  On  the  xiphisternal  bones  the  groove  of  the  anterior 
suture  of  the  auals  is  plainly  visible.  It  is  regularly  convex  forward, 
and  in  one  specimen  is  double. 

In  a  second  specimen  of  about  the  same  size  parts  of  two  costal  bones 
are  preserved.  They  are  thick,  and  display  the  usual  costal  and  verte- 
bral scute-sutures,  the  latter  one  in  a  groove,  for  the  middle  of  the 
vertebrals  is  elevated,  and  the  costals  project  shoulder-like  just  outside 
the  groove. 

In  a  third  specimen,  a  little  larger,  xiphisternals  with  several  margi- 
nals are  preserved.  A  free  posterior  marginal  is  regularly  recurved, 
and  the  scut^e-sutures  are  deeply  impressed.  The  marginal  scuta  have 
evidently  been  marked  with  concentric  grooves  within  their  margins 
Tlie  first  marginal  bone  of  the  bridge  has  a  very  obtw^^  ^^^'^^ 

In  none  of  the  specimens  are  the  surfaces  acxAptwteOL, 


G28  GEOLOGICAL   SURVEY   OF   THE   TEBBITOttlES. 

MeasuremenU. 

No.  L 

Width  plastron  at  axilla O.Oc^ 

Length  plastron  from  axilla,  (approximate) 05 

Thickness  hyosternal  at  mesosternal 003 

Thickness  hyosternal  at  hypostemal 0065 

Width  mesosternal 037 

Length  mesosternal 026 

Thickness  of  a  vertebral ' 006 

Thickness  of  xiphisterna!,  (normal) 004 

Thickness  of  xiphisternal  at  pubis 007 

No.  2. 

Thickness  costal  at  hump 0075 

Width  of  costal • 0175 

No.  3. 

Width  of  posterior  marginal .^ 027 

Length  of  posterior  marginal U.. 019 

The  mesosternal,  though  fouDd  with  No.  1,  does  not  fit  it  exactly  and 
does  not  belong  to  it. 
From  Green  River  formation  near  Evanston,  Wyoming. 

Emys  euthnetus,  Cope,  sp.  nov. 

Represented  by  numerous  portions  of  several  specimens.  These  per- 
tained tx)  a  species  of  about  the  size  of  the  salt-water  terrapin,  J/a/a- 
coclemmys  palmtrk.  There  is  no  dorsal  keel,  and  the  scut^I  sutures, 
though  distinct,  are  not  very  much  impressed,  nor  the  interspaces  swol- 
len. The  lip  of  the  plastron  is  narrow,  thick,  and  not  notched;  the 
sutures  of  the  gular  scales  do  not  extend  on  to  the  niesosternum.  The 
margins  of  the  lobes  of  the  plastron  are  a  little  thickened  and  the  su- 
tures of  the  bones  coarse,  and  at  the  hypoxiphisternal  junction,  &c%, 
with  gomphosis.     (It  is  fine  and  close  at  this  point  in  E.  testudineua.) 

The  costal  sutures  for  the  bridge  are  projecting  and  curved  in  one 
position  ;  in  the  other  straighter,  and  very  near  the  margin  of  the  cos- 
tal bone.    Suifaces  smooth. 

Abundant  in  the  red  beds  which  lie  between  those  of  the  Green  River 
and  Bridger  epochs  at  Bhick  Buttes,  Wyoming. 

Emys  megaulax.  Cope,  sp.  nov. 

Represented  by  remains  of  two  specimens.  They  pertained  to  a  spe- 
cies of  about  the  size  of  that  last  described.  The  marked  peculiarity 
consists  in  the  broad  and  abruptly  sunken  sutures  which  separate  the 
dermal  scuta  of  the  carapace.  Tliis  is  visible  on  vertebral,  costal,  and 
marginal  bones,  where  the  area)  between  the  sutures  are  abruptly  sep- 
arated. The  sutures  partially  interrupt  the  dorsal  carina.  This  is 
wide  and  low.  The  sculpture  is  otherwise  smooth.  The  scutiil  sutures 
are  not  so  impressed  on  the  plastron,  and  those  of  the  gular  scutes  ex- 
tend on  the  mesosternal  bone. 

Measure^nents. 

Lenpth  of  a  marginal 016 

Width  of  a  niargiual Oi3 

Width  of  ayertcbral 018 

Length  of  a  vertebral • Ml 
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The  vertebrals  are  snbqnadrate  in  form.  Neither  carapace  nor  plas- 
tron is  thick.  The  mesostemal  is  transverse,  diamond-shaped,  and  an- 
gular in  iront. 

Measurements. 

M. 

Length 023 

Width 034 

From  the  Oreen  Biver  beds  at  Black  Battes.  A  third  bnt  uncharac- 
teristic series  of  fragments,  from  the  first  lignite-bed  above  the  Creta- 
ceous, probably  belong  to  this  species. 

Emys  paohylomus,  Cope,  sp.  nov. 

Established  on  fragmentary  specimens  of  a  species  similar  in  size  to 
the  last.  The  principal  difference  is  to  be  seen  in  the  scutal  sutures, 
which,  though  strongly  marked,  are  not  so  widely  and  deeply  impressed. 
Though  they  are  fine,  they  interrupt  the  dorsal  carina,  which  swells  up 
from  it,  and  divides  the  fiat  proximal  portion  from  the  much  swollen 
marginal  part  of  the  marginal  bones.  The  mesosternal  bone  is  similar 
in  form  to  that  of  the  last  species ;  the  only  specimen  is  obtusely  rounded 
in  front,  and  bears  part  of  the  gular  scuta. 

From  Green  Biver  beds,  near  Black  Buttes. 

Emys  terrestris,  Cope. 

Palteotheca  terrestris.  Cope.    Proceed.  A.mer.  Philos.  Soc.,  1872,  p.  464. 

In  this  species,  and  the  following,  the  lip  only  is  inclosed  by  the  gular 
scuta,  which  only  reach  the  apex  of  the  mesosternal.  In  neither  are  the 
articulations  of  the  bridge  with  the  costals  known.  Bepresented  by 
three  individuals,  one  of  which  may  be  regarded  as  the  type.  They  are 
all  thinner  than  the  U.  polyq^hus,  and  larger,  being  about  equal  to  the 
Aramochelys  odoratua  of  our  ponds. 

In  the  type  specimen  the  Qarina  of  the  vertebral  bones  is  interrupted 
by  a  deep  sutural  groove,  which  is  less  pit-like  than  the  K  polycyphus. 
The  bone  itself  is  broader  than  long,  being,  perhaps,  from  the  hinder  part 
of  the  carapace.  The  clavicular  (epistemal)  bone  is  preserved.  It  is 
characterized  by  the  considerable  and  abrupt  projection  of  that  part 
inclosed  by  the  gular  scutum,  which  resembles  what  is  sometimes  seen 
iu  Testudo.  The  edge  of  this  part  is  entire  and  acute.  The  posterior 
part  of  the  projection  forms  a  step-like  prominence  behind,  on  the  supe- 
rior or  inner  face.  The  bone  is  almost  as  wide  as  long,  and  the  meso- 
sternal causes  a  very  slight  medium  truncation,  but  overlapped  much 
on  the  inner  side.    The  gular  dermal  suture  does  not  reach  it. 

Measurements. 

Length  vertebral  bone 009 

Width  vertebral  bone 018 

Length  euiatemal 02 

Width  epistemal,  (transverse  to  axis  of  body ) 017 

Width  of  a  costal •  .011 

Thickness  proximaUy 003 

In  the  second  specimen,  a  strong  groove  is  seen  to  bound  the  lip  of 
the  front  lobe  of  the  plastron,  as  in  the  species  of  N'otomorpha.    In  it  the 
marginal  is  seen  to  be  stout,  a  little  recurved,  and  sharp-edged.    A  ver- 
tebral differs  from  those  described  in  being  longer  than  5?? U\%.    Vw  ^  \3o\\^ 
individual,  the  gular  lip  is  not  so  prominent  as  iu  t\iV5  \.^*\vid^^Ax^xXi^'(^^ 
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sosternal  bone  truncates  the  clavicular  exteusively,  giving  it  thus  a  more 
elongate  form.  The  gular  scuta  expands  to  its  front  margin.  The  mar- 
ginal bone  is  stout  and  sharp-edged,  and  is  not  so  deeply  impressed  by 
the  dermal  suture  as  in  P.  polycypha. 

Emys  polyoyphus,  Cope. 

Palccoiheca  polycypha,  Copo.    Proceed.  Amer.  Philos.  Soc.,  1872,  p.  463. 

This  species  of  tortoise  is  indicated  by  vertebral,  costal,  and  marginal 
bones  of  very  small  individuals.  These  bones  are,  however,  not  only 
thoroughly  ossified,  but  are  very  stout,  indicating  the  adult  age  of  the 
animal.  The  deeply-impressed  scutal  sutures,  and  heavy  proportions, 
as  well  as  the  elevated  carina  of  the  carapace,  indicate  affinity  with 
Chtudo,  or,  i)erhaps,  Testudo.  As  another  generic  character,  it  may  be 
noted  that  the  vertebral  bones  are  subquadrate  and  support  the  neural 
canal  without  intervening  lamina. 

The  carina  ot  the  carapiice  is  abruptly  interrupted  occasionally ;  some 
times  with,  sometimes  without,  a  pair  of  pits,  one  on  each  side.  The 
marginal  bones  are  well  recurved,  and  the  scutal  sutures  are  deeply  im- 
pressed on  them. 

Measurements. 

u, 

Lencfth  of  vertebral  bono 009 

Widtb  of  vertebral  bono • 00H5 

Length  of  marginal  bono 01 

This  is  the  least  of  the  tortoises  of  the  Bridger  formation. 

HADRIANUS,  Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  468. 

This  genus  resembles  Testudo  in  form,  but  has  two  anal  scuta,  as  in 
moHt  Emydidce.  The  claws  are  short  and  stout:  an  ungual  phalange  is  a 
long  oval  viewed  from  above,  and  is  oval  in  section,  with  obtuse*edges. 
The  articular  surface  is  subinferior.  A  cervical  vertebra  is  of  moderate 
length,  and  has  a  very  prominent  anterior  zygapophysis.  The  centrum 
presents  two  distinct  convex  articular  surfaces  anteriorly,  and  one  trans- 
verse one  behind.  A  sacral  is  free  from  the  carapace  above;  it  presents 
two  subrouiid  articular  cups  posteriorly  and  outwardly ;  the  anterior 
are  broken  off.  These  characters  are  observed  in  a  large  specimen  of 
n.  CorsoniL 

Hadrianus  allabiatus,  Cope. 

Proceed.  Amer.  Philot).  Soc.,  1872,  p.  471. 

This  large  land-tortoise  is  nearer  in  general  form  to  the  H,  corsonii 
than  to  the  II.  ocionarius^  but  differs  from  both  in  the  absence  of  the  pro- 
JKiting  lip  of  the  anterior  lobe  of  the  plastron,  which  is  thus  simply 
truncate.  The  mesosternum  is  not  cordate,  but  has  much  the  shape  of 
that  of  H.  corsoniij  that  is,  rhombic.  The  scutal  sutures  are  deeply 
impressed.  The  plastron  is  strongly  concave.  Carapace  without  irreg- 
ularities of  the  surface.     Length  18  inches. 

From  the  Bad  Lands  of  Cottonwood  Creek,  Wyoming. 

Hadrianus  octonarius.  Cope. 

Proceed.  Amer.  Philoa.  Soc.,  1872,  p.  4(58. 

The  II.  octonarius  is  distinguished  from  its  congener  in  many  Trays, 
It  is  of  elongate  form,  slrou^V^'  iiouttacted  at  the  bridges^  but  expanded 
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and  arched  above  the  limbs.  The  carapace  in  quite  convex.  The  plas- 
tron IfOA  the  posterior  lobe  emarginate  rather  than  bifurcate,  as  seen  in 
H.  Corsanii.  Each  projection  represents  a  right-angle-d  triangle  rather 
than  a  wedge.  The  anterior  lobe  presents  an  elongate  lip,  which  is  ex- 
panded, and  slightly  emarginate  at  the  end.  The  mesosternal  bone  is 
heart-shaped,  the  posterior  emargination  being  wide  and  deep. 

The  anterior  margin  of  the  carapace  is  somewhat  flared  above  the 
limbs.  The  nuchal  scutum  is  very  narrow  transversely,  but  elongate. 
The  carapace  descends  and  is  incurved  in  the  middle  of  the  posterior 
margin. 

Measurements. 

M. 

Length,  (below) 7W 

Width  at  middle 437 

Width  at  hind  limbB 525 

This  species  diflfers  from  the  H.  Corsonii  in  many  important  points.  It 
is,  perhaps,  the  largest  of  our  extinct  land-tortoises,  and  is  founded  on  a 
beautifully  perfect  specimen  trom  the  bluffs  of  Cottonwood  Creek. 

Hadriantts  Corsonii,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  366 ;  Testudo  hadrianvSj  Cope.     Proceed.  Am. 
Philos.  Soc,  1872,  463 ;  Hadrianus  quadraius,  loc.  cit.,  466. 

Indicated  by  many  individuals,  two  nearly  perfect,  another  chiefly 
represented  by  a  complete  plastron.  This  proves  the  existence  of  a 
very  massive  species  of  the  terrestrial  genus  Testudo.  The  plastron 
presents  a  short  wide  lip  in  front,  which  is  turned  outward,  forming  a 
strong  angle  with  the  plane  of  the  upturned  front  of  the  lobe.  Tiiis 
lobe  is  bordered  by  a  thickening  of  the'upper  surface,  which  cuts  off  the 
basin  from  the  lip,  as  a  higher  ridge.  The  posterior  lobe  is  deeply 
bifurcate,  each  postabdominal  projecting  as  a  triangle.  There  is  a 
notch  at  the  outer  angle  of  the  femoral  scute.  The  hyposternal  bone  is 
greatly  thickened  within  the  margin  above,  and  an  elevated  ridge  bounds 
the  basin  of  the  plastron  behind,  as  before.  Thie  middle^of  the  plastron 
is  thin. 

The  carapace  is  without  marked  keel  or  serrations.  It  is  remarkable 
for  its  expanded  and  truncate  anterior  outline,  which  is  nearly  straight 
between  two  lateral  obtuse  angles. 

Length  carapace,  M.  .750=29  inches;  width,  .630.  The  marginal  scuta 
are  narrow,  and  there  is  a  large  nuchal  plate. 

Abundant  in  the  firidger  beds. 

LACBRTILIA. 
NAOCEPHALUS,  Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  465,  (July  29.) 

Established  on  an  incomplete  cranium,  with  vertebriB  found  associated. 
No  teeth  are  preserved,  nor  any  part  of  the  mandible.  The  remaining 
portions  of  the  cranium  are,  however,  highly  characteristic. 

The  occipital  descends  posteriorly,  and  bears  a  pair  of  lateral  ridges, 
which  converge  rapidly  posteriorly.  This  bone  is  anited  with  the  parie- 
tal by  suture,  which  is  transverse  ]  its  outline  is  rectangular,  so  as  al- 
most to  reach  the  frontals,  which  are  prolonged  backward  on  each  side 
the  parietal,  leaving  bnt  a  narrow  exposure  of  the  posterior  processes  of 
the  parietal.  These  extend  backward,  and  are  broken  off  iu  tb.^  ^\>^^v 
men,  bat  they  probably  formed  parts  of  archer.    TYie^  l^tm<^X;a^.\&  ^\\^^^* 
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and  there  is  no  parietal  fontanelle.  The  bone  is  triangalar  in  outline, 
with  the  apex  anterior,  dividing  the  frontals.  These  are  contracttBd  at 
the  orbits,  and  have  a  projecting  superoilliary  head ;  anteriorly  they  are 
thickened.  The  postfrontals  are  of  remarkable  form.  They  are  mas- 
sive, and,  compressed  from  before  backward,  they  rise  considerably 
above  the  level  of  the  front,  and  bear  on  their  summits  a  cotyloid  cavity, 
which  is  transverse  to  the  axis  of  the  cranium ;  the  use  of  this  projec- 
tion is  obscure.  There  is  an  exoccipital  foramen,  and  a  large  one  in  the 
posterior  part  of  the  frontal  opposite  the  postfrontal  elevation. 

The  sphenoid  is  a  compressed  keel-shaped  bone,  rounded  below,  and 
with  broad  aloe  along  much  of  its  length.  The  occipital  condyle  is  sub- 
condate,  depressed  in  outline,  with  a  vertical  obtuse  angle  in  the  middle, 
and  the  sides  somewhat  plane.  ^ 

A  dorsal  vertebra  preserved  has  a  single  vertical  capitular  process, 
and  a  short  hypopophysis.  The  neural  canal  is  large,  and  the  neura- 
pophyses  are  attached  by  sutures.  The  cup  is  nearly  round,  very 
slightly  transverse,  and  vertical. 

This  genus  differs  from  OlyptosauruSj  Marsh,  in  the  total  lack  of  cranial 
shields,  and  from  Saniva^  Leidy,  in  the  ueafly  round  vertebral  centra. 

Naocephalus  poeeectus,  Cope. 

Loc,  di.,  p.  465. 

The^ranium  is  smooth  above, except  the  anterior  part  of  the  frontals, 
which  are  finely  rugose. 

MeasuremenU. 

Width  cranium  at  poetfrontals 072 

Width  parietal  behind 012 

Depth  postfrontals 018 

Depth  presphenoid  anteriorly 014 

Diameter  dorsal  vertebra,  (cup) 007 

From  the  Bad  Lauds  of  Cottonw^ood  Creek. 

SANIVA,  Leidy. 

Gcolog.  Survey,  Wyoming,  1870,  p.  368. 

Saniva  ensidens,  Leidy. 

Loc,  dU 

Vertebrae,  &c.,  from  Black's  Fork.  The  characters  agree  with  those  of 
Jguanavus,  Marsh,  except  in  the  greater  depression  of  the  vertebral 
centra. 

THINOSAURDS,  Marsh. 

American  Joum.  ScL  and  Arts,  October,  187^. 

Thinosaurus  i^kptodus,  Marsh. 

A  considerable  number  of  remains  from  Mammoth  Buttes  (Bitter 
Creek)  agree  nearly  with  Marsh's  description,  1.  c. 

OPHIDIA. 
Protagras  lacustris,  Cope. 

Proceed.  Amer.  Philos.  Soo.,  1872,  p.  471,  August  7. 

A  serpent  of  about  t\\e  me^  o^  Wve^  eiL\«^ting  pine  snake,  (Pifyojyhis 
meianolencHSj)  and  allied  to  iVie  \^  AX^\-«»\ivs;)«.^^  ol  TYii^\^Q\\ft\u%  ^WalUed 
£reiiera. 
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A  vertebra  before  me  has  the  longitudinal  hypopophysial  keel  of  that 
roup,  which  termiDates  m  a  very  obtuse  point.  The  ball  looks  exten- 
ively  upward.  The  upper  articular  extremity  of  the  parapophysis  is 
bort  and  obtuse,  and  the  inferior  equally  so,  and  directed  shortly  down- 
rard^  their  articular  faces  being  continuous  with  each  other.  It  sends 
D  obtuse  latero-inferior  keel  backward,  which  terminates  in  front  of 
be  ball.  The  angle  connecting  the  diapophysis  and  zygapophyses  is 
trong,  while  the  tbrmer  was  narrow ;  in  the  specimens  it  is  broken. 

Measurements, 

engtb  of  ceotram  with  ball,  (bolow) 0090 

levation  behind,  (total) .0K:{5 

ilevation  before,  (total) 0110 

/idth  between  parapophyses  below 0055 

/idih  of  artionlar  cnp : 0054 

tepth  of  articalar  cap 0043 

^ptb  of  inferior  keel .00:20 

¥Tom  the  Bad  Lands  of  Cottonwood  Creek. 
This  species  is  allied  to  the  Boavus  of  Marsh. 

BATRACHIA. 

The  vertebral  column  and  part  of  the  cranium  of  a  probably  incom- 
pletely developed  tailless  fiatrachiau  were  procured  by  Dr.  P.  V. 
layden,  from  the  fish-shales  of  the  Green  Eiver  epoch,  frci.n  near  Green 
liver  City,  Wyoming.  They  sire  not  sufficiently  characteristic  to  enable 
ae  to  determine  the  relation  of  the  species  to  known  forms,  and  it  is 
he  oldest  of  the  order  yet  discovered,  the  fossil  remains  of  the  known 
xtinct  species  having  been  derived  from  the  Miocene  and  later  forma- 
ions. 

PISCES. 
CLASTES,  Cope. 

Order  Oinglymodi :  Mandibular  ramus  without  or  with  reduced  fissure 
\t  the  dental  foramen,  and  without  the  groove  continuous  with  it  in 
jepidosteus.  One  series  of  large  teeth,  with  small  ones  exterior  to 
hem  in  the  dentary  bone,  the  inner  superior  aspect  of  that  bone  with- 
out prominent  dentiferous  or  rugose  rib. 

The  species  of  this  genus  resemble  in  many  ways  the  Lepidostei  of  the 
present  day.  Their  scales  are  rhombic  and  pierced  by  a  duct  on  the 
ateral  line.  The  cranial  bones  are  ornamented  by  tubercles  of  ganoine, 
listributed  variously  according  to  the  species.  Some  of  these  fishes 
eached  a  large  size,  exceeding  any  now  living ;  others  resembled  the 
rue  Lepidostei  in  this  respect. 

The  characters  assigned  to  this  genus  are  derived  from  the  under 
aw,  and  I  have  observed  it  in  two  species,  one  which  I  suppose  to  be 
he  Lep4dosteus  gUiber,  Marsh,  and  the  other  C.  cycliferusy  Cope. 

Olastbs  anax,  Cope,  spec.  nov. 

Bepresented  by  some  cranial  bones,  and  especially  by  a  posttemporal, 
vbJch  indicate  a  very  large  species  of  gar,  two  or  three  times  as  large 
HI  the  alUgator-gar  of  the  Mississippi,  {Atraetosteus  ferox,)  The  bone 
las  a  free  ovate  posterior  outline,  and  its  superior  surface  is  covered 
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with  a  tbick  layer  of  dense  bone,  which  has  not  the  brilliant  surface 
of  ganoine.  Tliis  substance  is  thrown  into  elevated  corrugated  ridges, 
which  are  generally  transverse  to  the  long  axis  of  the  bone^  and  inoscu- 
late and  are  interrupted  frequently.  The  spaces  between  are  as  wide  as 
the  bases  of  the  ridges. 

Measuremeiits. 

M. 

Width  of  bone 042 

Ibickuess  of  bono 012 

Found  in  the  Bad  Lands  of  Ham's  Fork. 

Clastes  atrox,  Leidy. 

Lepidosieus  airoXy  Leidy.    Proceed.  Acad.  Nat.  Sci.,  Philada.,  1873. 

Abundant,  and  represented  by  both  rough  and  smooth  scales,  the 
former  from  the  anterior  part  of  the  body. 

Clastes  cycliferus,  Cope. 

Established  on  numerous  remains  of  a  small  species,  in  which  the 
scales  are  rather  wide,  and  generally  with  obtuse  extremital  angles,  and 
frequently  in  certain  regions  of  the  body  entirely  rounded  at  the  pos- 
terior border.  Fragments  of  the  cranial  bones  are  ornamented  with 
scattered  tubercles  of  ganoine  of  rounded  form,  and  not  distributed  in 
lines,  as  in  some  species.  In  a  fragment  from  the  posterior  part  of  the 
mandible  there  is  a  single  row  of  large  teeth,  with  a  series  of  minute 
ones  between  them,  on  the  outer  edge  of  the  bone.  The  external  face 
presents  a  smooth'  superior  surface,  and  a  rugose  inferior  portion  which 
is  marked  by  irregular  lines  of  points  of  ganoine. 

Measurements, 

M. 

Depth  of  dentary  bono.. 00.0 

Widtli  of  dentar}'  above -.     .OOf^ 

Length  of  a  scale,  (exposed  face) 00(iO 

Widrli  of  a  scale,  (exj^osed  face) 0060 

Thickness  of  cranial  bone 

From  Mammoth  Buttes. 

Clastes  glaber,  Marsh, 

Lepidosteus  glaher,  Marsh.    Proceed.  Acad.  Nat.  Sci.,  187. 

Abundant. 

PAPPICHTHYS,  Cope. 

Gen.  nov.  Ilalecomorphorum. 

Family  Amiidac :  Vertebra?  short,  the  dorsal  with  prominent  dia- 
popliysis;  the  sides  of  the  centrum  striate-grooved.  Maxillary  bone  with 
a  supplementary  bone  on  its  distal  upper  border,  and  supporting  asin<;Ie 
series  of  teeth.  Dentary  bone  with  but  one  series  of  teeth ;  surface  of 
cranial  bones  sculptured. 

This  genus  differs  from  the  existing  Amia^  in  the  presence  of  only  one 
series  of  teeth,  instead  of  several,  on  the  bones  about  the  mouth.  The 
posterior  part  of  the  dentary  bone,  or  perhaps  another  element,  is  cov- 
ered with  tine  graniform  teeth,  as  in  Amiu  calva. 

Species  of  the  genus  are  numerously  represented  in  the  beds  of  the 
JBridger  Eocene.    Some  of  them  have  been  referred  to  Amia  by  Marsb. 
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Pappichthys  plioatus,  Cope,  spec.  nov. 

EstabliBbed  on  a  series  of  bones  of  the  skull  and  vertebrae. .  The  cranial 
bones  are  deeply  grooved,  and  with  parallel  ridges  between.  The  outer 
face  of  the  dentary  is  roughly  grooved  on  the  inferior  half  of  its  posterior 
two- thirds.  The  inner  face  is  marked  by  a  strong  groove  near  its  middle 
to  the  symphysis,  above  which  it  is  very  convex;  below  it  extends  to  a 
thin  edge.  The  dental  alveoli  are  shallow  and  in  close  contact*;  there 
are  six  in  .025°*  at  its  middle,  where  it  is  also  .019  deep.  The  teeth  be- 
come smaller  at  the  symphysis.  The  maxillary  bone  is  rod-like  proxi- 
mally,  but  flattens  out  much  distally,  and  is  there  slightly  rugose  on  tbe 
outer  face.  The  teeth  are  smaller  than  the  mandibulars,  there  being 
at  the  middle  fourteen  in  .025™.  The  alveoli  are  larger  proximally.  The 
depth  of  the  bone  at  the  beginning  of  the  suture  for  the  supplementary 
maxillary  is  .020™.  The  superior  extremity  of  the  hyomandibular  is 
broad  and  flat.  The  inferior  quadrate  is  thickened  behind,  and  has  a 
sublongitudiual  condyle  distally.  The  squamosal  suture  of  the  ptery- 
goid adjoins  it. 

Number  cranial  ridges  in  .010",  10.  The  vertebrae  preserved  are 
quit«  short,  and  have  sessile  diapoi)hyses ;  they  are  broader  than  deep. 
Width,  .020™;  depth,  .019;  thickness,  .005.  The  articular  surfaces  for 
tbe  neural  arches  are  confluent,  so  as  to  have  a  subquadrate  outline. 

Another  specimen  is  represented  by  numerous  fragments.  One  of 
these  is  the  proximal  half  of  the  os  maxillare.  This  extremity  rises  in  a 
curve,  is  somewhat  depressed,  and  is  excavated  below.  The  inner  facre 
is  very  convex,  the  outer  flatter  and  with  squamosal  suture  for  premax- 
illary  external  to  the  extremity  a  half  inch.  A  fragmentof  the  palatine 
exhibits  a  series  of  large  marginal  teeth  and  a  plate  of  smaller  ones 
within  them,  thus  resembling  Amia  ;  the  superior  face  exhibits  a  deep 
longitu<linal  groove,  which  opens  out  posteriorly.  The  prootic  bone  is  a 
half  disk,  thickened  on  the  straight  edge,  and  with  concave  sides,  with  a 
flat  tuberosity  on  one  of  thetn.  On  some  of  the  cranial  boned  the  ridges 
are  interrupted.  The  dorsal  vertebne  of  this  specimen  have  the  centra 
broader  than  deep,  and  with  projecting  diapophyses.  The  neural  ar- 
ticular faces  are  for  its  own  arch  and  that  of  the  next  vertebra,  add  there 
are  two  narrow  grooves  on  the  inferior  face.  They  are  nearly  or  quite 
distinct.  As  this  is  observed  on  vertebrje  with  elongate  diapophyses, 
and  they  are  confluent,  or  one  is  wanting  on  those  with  sessile  diapophy- 
ses, it  is  probable  that  the  position  of  the  neural  arches  is  shifted  on 
the  dorsals,  an  arch  being  conflned  to  a  single  centrum  on  the  posterior 
ones,  as  occurs  on  the  caudals  only  in  Amia  calva. 

The  specimens  came  from  distinct  localities  on  Cottonwood  Creek. 

Pappichthys  sclerops.  Cope,  sp.  nov. 

Established  on  a  ramus  of  the  mandible  of  one,  and  other  similar 
specimens  of  other  individuals.  These  indicate  a  large  flsh,  equal 
in  size  to  the  alligator-gar  of  the  Mississippi.  The  dentary  bone  is 
more  compressed  and  deeper  than  in  P.  plicatus.  The  longitudinal 
groove  runs  above  the  middle  line,  and  the  portion  of  the  bone  below 
it  thins  to  an  edge.  The  upper  portiou  is  thickened^  and  the  alveolar 
border  is  wide  and  bounded  by  an  angle  on  the  inner  side.  The  alveoli 
are  large  and  shallow;  in  .025°^  scarcely  three  find  place.  Near 
the  symphysis  is  a  smaller  one,  which  is  separated  by  a  considerable 
diastema  from  the  su(;ceeding  one,  (|>erhaps  abnormally.)  The  external 
face  of  tlie  bone  is  rough  and  somewhat  tubercular. 
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Measurements. 

Depth  dentary  at  sympbysiB Del 

Depth  dentary  at  midale 0:iS 

Depth  dentary  at  eleventh  tooth 048 

Thickness  dentary  at  eighth  tooth 018 

Pappichthys  l^vis,  Cope,  spec  nov. 

Represented  by  varions  fragments  including:  dentary  and  vertebral 
bones.  The  former  differs  from  that  of  the  species  just  described  in  the 
smaller  size  of  its  teeth,  there  being  six  in  a  space  occupied  by  but  four 
in  it,  at  a  point  where  the  dentapies  of  equal  depth.  In  other  words, 
there  are  four  in  .0250™.  The  alveolar  faces  are  also  much  more 
oblique,  being  in  fact  continuous  with  the  inner  face  of  the  bone.  The 
external  face  of  the  dentary  is  smooth,  and  thus  different  from  that  of 
P.  sclerops.  A  dorsal  vertebra  is  but  little  wider  than  deep,  and  is  trun- 
cate below,  presenting  a  prominent  infero-lateral  angle. 

Measurements. 

Depth  of  dentary  near  middle 037 

Thickness  of  dentary  near  middle • 019 

Depth  centrum  of  vertehra 029 

Width  centrum  of  vertebra 038 

Leugth  centrum  of  vertebra 009 

From  the  bluffs  of  Cottonwood  Greek. 

Pappichthys  symphysis,  Cope,  species  nova. 

Established  on  a  number  of  vertebrsB  of  an  individual  of  much  smaller 
size  than  any  of  the  preceding,  and  which  was  about  the  size  of  the 
largest  growth  of  A.  calva.  The  form  of  the  dorsal  centra  is  a  little 
wider  than  deep;  the  caudal  deeper  than  wide.  What  distinguishes 
these  from  the  vertebrcB  of  the  species  above  described  is  the  lack  of 
(listiuctiou  between  the  articular  facets  of  the  adjacent  ueurapophyses. 
These  are  almost  couduent,  instead  of  nearly  or  quite  isolated  as  in  the 
P.  Iwvis  and  P.  plicatm. 

Measurements. 

M. 

Lfn^th  of  centrum,  dorsal 006 

D<'i>th  of  eontrum,  dorsal 014 

\Vi(lth  of  centrum,  dorsal 018 

Di'pth  ci'Titrum,  caudal 0115 

W  id  ill  ccutruTU,  caudal 0105 

Lt'iigth  centrum,  caudal 0040 

The  dorsals  of  the  above  specimen  have  short  diapophyses  and  might 
be  regarded  as  posterior,  and  the  anterior  might  be  anticipated  to  pre- 
sent a  ditt'erent  type  of  articulation  with  the  neurapoi)hyses  as  in  P.  pli- 
ca tus.  lint  a  vertebra  of  the  same  size  and  form,  but  with  long  diapo- 
j)hyses,  from  another  locality,  (Upper  Green  River,)  presents  the  »ame 
sulj(juadrate  articular  faces  slightly  constricted  in  the  middle.  Hence 
1  suspect  this  character  to  be  characteristic  of  the  species. 

Pappichthys  corsonii,*  Cope,  spec.  nov. 

This  species  is,  perhaps,  rather  smaller  than  the  last.  A  dorsal  ver- 
tel>ra  witlL  inferior  diapop\iy^ea  is  but   little  wider  than  deep.    The 

•  Dedicated  to  Dr.  Josev\\  CoT^ot\,iot\\w\\>'  «K\i\Vy>\\<bii  ii.\»^Q.\N.^xv^^\^\^ ^Vvn^ 
under  uiauy  obligations,  protiitta\oua\  wviOi  viV\ife^^\^« 


GEOLOOICAL   SURVEY    OF   THE   TEREITORXES.  637 

liar  snrfaces  for  the  neurapophyses  are  S-shaped,  the  area  confluent. 
,rked  peculiarity  is  seen  in  the  dentary  bone.  It  is  much  curved  in 
ertical  plane  as  well  as  in  the  horizontal,  Mid  must  have  inclosed 
e  mouth.  The  groove  is  median,  and  the  inferior  and  superior 
ses  reach  it  by  a  nearly  equal  slope.  The  former  leaves  the  alveoli 
lut  horizontal  border,  though  the  latter  themselves  open  on  a  hori- 
1  plane.    There  are  four  and  a  fraction  in  .010°^. 

Measurements. 

M. 

of  ramus  at  middle 0.013 

less  of  ramus  at  middle 006 

1  posterior  dorsal  vertebra 006 

posterior  dorsal  vertcbni 012 

posterior  donial  vertebra  ...^ 013 

>m  Upper  Green  Eiver. 

PHAREODON,  Leidy. 

ProceedingH  Academy  Nat.  Sciences  Phila.,  1873. 

Is  genus  belongs  to  the  order  of  Nematogruithi^  as  I  discover^  by 
us  specimens  in  my  possession. 

B  usual  modification  of  tlie  anterior  vertebrsB  exists  in  this  genus, 
nass  is  carinate  below,  and  bears  two  longitudinal  cavities  sepa- 

by  a  low  partition  above.  The  palatine  bones  support  a  mass  of 
,  there  being  one  external  series  of  large  ones  rather  abruptly 
ed,  and  several  series  of  small  ones  of  little  elevation,  whose  size 
lishes  inward.    The  dentary  bone  is  narrow  and  deep  and  sup- 

a  single  series  of  closely  placed  slender  teeth,  which  together  form 
lb.  The  bases  of  these  teeth  are  rugose-striate,  and  the  apices 
)tly  acuminate. 

e  vertebrae  are  short,  and  with  reticulate  ridges  on  the  sides. 
3  is  a  pit  on  each  side,  and  there  are  two  pits  on  each  of  the  sides 
3  and  below.  The  vertebra  appears  to  be  a  caudal,  and  the  connate 
apophysis  issues  from  between  the  lateral  and  inferior  pits  and 
>  round  ])it  at  its  base. 

B  remains  of  spines  are  of  rather  small  size,  and  are  strongly  stri- 
nd  weakly  serrate.  The  pectoral  had  the  hinge  arrangement  of 
irvs  and  Rhineastes, 

B  single  series  of  long  conic  teeth  in  the  dentary  bone  is  a  peculiar 
re,  shared  by  few  if  any  recent  genera. 

Phaeeodon  acutus,  Leidy. 

presented  by  numerous  remains.  The  teeth  as  preserved  are  black, 
white,  translucent,  slightly  incurved  apices.  The  dentary  bones  are 
incurved,  and  with  an  erect  elevated  point  at  the  symphysis ;  their 
surface  is  rugose,  with  deep  longitudinal  grooves  and  pits  of  irreg- 
sizes. 

Measurements. . 

dentary  at  sympbysis 009 

dentarv  at  fourteenth  tooth 015 

J  of  eighth  tooth - 0056 

terof  ri^lit  tooth  at  base 0015 

ter  of  A  caudal  vertebra 00d5 

1  of  A  eandal  vertebra «. *. 0055 

fth  in 0100 

rtn  Upper  Green  River. 
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Pharbodon  SEBIGEUS9  Cope,  spec  nov. 

Established  on  three  teeth  which  differ  from  those  of  the  P.  acutus  in 
their  large  size  and  stout  conic  form ;  also  in  having  the  basal  striation 
tiiier,  parallel,  and  extending  over  half  the  length  of  the  crown.  The 
basal  portions  as  preserved  are  black,  the  apex  white,  and  with  a 
blightly  abrupt  contraction. 

Measurements, 


J^Dgth  of  crown 

Diameter  of  crown  at  base. 


N0.I. 


No.  2. 


.0050 
.0035 


.0090 
.0040 


No.  3. 


.0070 
.0040 


From  Upper  Green  River. 

RHINEASTES,  Cope. 

Proceed.  Amer.  Philoe.  80c.,  1872,  p.  486.    (Publiehed  Angust  20,  1872.) 

A  genus  of  Nematognathi  which  differs  from  Phareodon  in  possessing 
the  usual  band  of  bristle-like  teeth  on  the  dentary  bone,  the  series 
being  numerous,  (in  B.  calvus.)  The  basi-occipital  bone  exhibits  a  pit 
on  the  middle  line  below,  and  a  surface  for  attachment  for  the  inferior 
branch  of  the  posttemporal  on  each  side,  (R.  calvus,  R.  stnithiu)  The 
modified  anterior  vertebral  mass  is  deeply  grooved  below,  (J^i^.  smithii,) 
The  cranium  is  covere<l  with  a  rugose  exostosis,  {R.  peltatu^^  R,  caltms^ 
R.  HmithU,)  and  has  a  strong  closed  groove  in  the  position  of  the  usual 
Ironto-paiietal  fontanelle.  The  vertebne  (R.  smithii)  ai-e  short,  jmd  the 
sides  ot  the  centra  only  striate  with  the  circumference.  There  are  no 
lateral  pits,  but  a  pair  above  and  a  i>air  below,  with  a  oo-ossitied  ai)ophy- 
sis  at  the  base  of  one  of  them. 

The  spines  preserved  belong  chiefly  to  the  pectoral  fin.  They  are 
stron<j:Iy  striate  and  weakly  dentate,  and  have  the  usual  hinge  with 
su[)erior  recurved  flange  above,  and  two  embracing  processes  below, 
at  tbe  base.  The  dorsal  spine  is  weaker  in  R,  calvusy  but  strong  in  R. 
pcItatuH. 

Tbis  genus  is  allied  to  the  recent  Ichthadurus^  but  differs  (R,  smithii) 
in  the  vertebrai,  and  in  the  rough  exostoses  of  the  cranial  bones.  In 
T\.  peltatuH  the  supra-occipital  shield  has  a  great  mass  and  extent,  but 
in  it.  calvu%  it  is  not  much  more  extended  than  in  Ichthwlurus. 

The  expedition  obtained  remains  of  four  or  five  species  of  this  genus, 
the  flrst  of  the  order  found  extinct  in  this  country. 

I.  Rhiueastcs  ;  a  large,  massive  nuchal  shield. 

Cephalic  ossiflcation  pappilliform R.  peltatm, 

Ossifi(*ation  in  rugose  lines R.  radulus, 

II.  Astephus  ;  nuchal  shield  narrow  and  short. 

Cephalic  ossification  in  smooth  lines ;  one  basi-occipital 

pit ;  pectoral  spines  serrate  on  both  edges R,  smithii. 

Three   basi-occipital  pits;   pectoral  spines  serrate  on 

both   edges R.  calnus. 

Pectoral  spines  seiratii  behind  only ;  curved ...   R  (ircuatM. 

The  (;epliaVui  bones  oil  l\ie  \v\st  WvWuv^Ol  ^\<i  \w\\.\\vy^^\^ '^i^  vvtli  as  the 
sjiines  ot  A',  radulus. 
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Bhineastes  peltatus,  Oope. 

Proceed.  Amer.  Philos.  Soc  1872,  486. 

Established  on  cranial  and  other  bones,  with  spines  of  a  siluriform 
fish  of  the  size  of  the  largest  species  of  Amiurtis,  The  form  in  the  ex- 
cessive rugosity  of  the  external  long  snrfaces  reminds  one  of  some  of  the 
Brazilian  Barades.  The  frontal  fontanelle  is  closed,  though  very  dis- 
tinctly marked  by  a  groove  of  the  surface  not  rugose.  The  rugosity 
consists  of  innumerable,  packed  osseous  papillae.  The  cranial  ossifica- 
lion  is  continued  posteriorly  as  a  shield,  which  is  strongly  convex  from 
side  to  side.  The  spine  is  symmetrical,  and  probably  dorsal.  It  is  com- 
pressed and  curved  antero-posteriorly,  and  is  deeply  grooved  behind. 
Laterally  it  is  closely  striate-grooved  j  the  anterior  face  is  narrowed, 
obtuse,  and  minutely  serrate  with  cross  ridges ;  each  side  of  it  is  rugose, 
With  several  irregular  series  of  pronounced  tubercles  arranged  trans- 
versely. 

Measurements. 

H. 

Width  frontal  bone  near  front  of  fontanelle 0.012 

Thickness  at  do 004 

Thickness  at  of  casque .;. 004 

Width  spine 005 

Depth  spine 009 

From  South  Bitter  Creek. 

Bhineastes  eaditltjs,  Cope,  spec.  nov. 

Represented  by  numerous  broken  cranial  bones,  which  present  a  pat- 
tern of  exostosis  quite  distinct  from  that  observed  in  other  species.  This 
eonsists  of  closely  placed  creuate  ridges,  which  radiate  from  various 
points  and  are  sometimes  broken  up,  bat  always  rough  or  serrate  on  the 
edges.    The  bone^  are  not  so  thick  as  in  the  last  species ;  i.  e.,  .0025°^. 

From  Bad  Lands  of  Cottonwood  Creek. 

Bhineastes  smithh,  Cope. 

Proceed.  Amer.  Philos.  Soc.,  1872,  p.  486,  (August  20.) 

Bepresented  by  remains  of  several  individuals,  including  one  with 
Tertebrse,  basi-occipital,  opercular,  and  other  cranial  bones  with  spines. 
They  indicate  a  fish  of  the  size  of  the  large  cat-fishes  of  the  Ohio  River. 
The  pectoral  spines  are  quite  compressed  and  distinctly  striate-grooved 
on  the  sides.  The  posterior  groove  is  occupied  by  short,  spaced,  recurved 
teeth ;  the  anterior  by  an  acute  edge  bounded  by  a  groove  on  each  side, 
which  has  a  fine,  close  serration.  The  surface  of  the  modified  vertebral 
mass  is  striate-ridged ;  that  of  the  basi  occipital  still  more  strongly  ridged. 
There  is  a  median  pit  behind,  and  the  points  of  attachment  of  the  in- 
ferior limb  of  the  posttemporal  is  in  front  of  it,  smooth,  and  without 
reverted  edges.  The  operculum  has  a  large,  compressed,  sessile  cup,  and 
its  external  surface  is  strongly  ridged  and  grooved,  radiating  from  above 
in  front. 

Measurements.  « 

M. 

Diftmeter  of  a  vertehra 021 

Length  of  centmm 009 

Dameter  of  modified  vertebra 013 

Diameter  of  groove  of  vertebra 005 

fcliam^ter  of  occipital  articulation 015 

Umgth  of  cup  of  operculum 013 

Diameter  ffptue  at  base 008 

Diameter  epine  at  .004  from  base 0037 
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AiiotfiiT  jief^oral  spine  is  larger ;  diameter  at  base,  .010. 

Froui  tlie  Mammoth  Battes  and  Laclede,  on  South  Bitter  Creek.* 

Bhinsastes  caltus,  Cope,  «p,  nor. 

Kf  prfr.sented  by  namerous  specimens,  including  most  parts  of  the  cra- 
nium, HpineSt  &<-• 

One  of  these  shows  the  supra  occipital  production  to  have  the  form 
of  an  erjuilateral  triangle,  with  a  sinus  of  the  posterior  border  on  each 
side  of  it  which  advances  in  front  of  the  epiotic  bone  below.  Shortly  in 
front  of  this  point  the  deep  groove  representing  the  fontanelle  com- 
mences. The  cranial  rugse  are  lines  parallel  to  the  fontanelle,  which 
diverge  to  the  margins  of  the  occipital  prolongation,  and  are  frequently 
connected  by  cross-ridges.  The  frontal  portion  of  the  skull  is  much 
expanded  laterally,  and  the  part  beneath  inclosed  by  the  prefrontals 
particularly  wide.  The  fontanelle  in  this  region  does  not  appear  to 
have  been  entirely  closed.  The  surface  is  here  also  strongly  rugose. 
The  vomer  has  a  T-shaped  anterior  extremity^  which  is  immediately 
followed  by  two  transverse  parallelogrammic  patches  of  premaxillary 
brush-teeth  in  several  rows.  They  are  about  twice  as  long  as  wide  and 
in  contact  medially.  The  anterior  margin  of  the  premaxilla  pixyects 
their  length  l)eyoud  them,  and  is  perfectly  smooth  and  has  a  smooth 
rounded  border.  The  basi-occipital  has  a  subcordate  cotylus.  In  front 
of  the  median  inferior  pit  are  three  groove- pits;  the  articular  faoe  for 
the  poHttetnporal  is  opiN)site  the  former,  and  is  rugose  and  has  strongly 
reverted  edges. 

MeasurenienU. 

Diiimctor  occipital  articulation 0032 

DiaiiH^tiT  b.'iw;  Hiipra-occipitul  Hliield Ol'W 

Wijlth  front  abovo  orbitH    004:^ 

L«Mi;^tli  I'nmi  vomor  to  premaxillary  border 01 10 

I^eii^t  ii  of  both  tooth  patchuH Ol'JO 

l)iaiii«'ter  jujctoral  Hpiiic  at  base OOJl 

The  i)OctorHl  spine  is  serrate  on  both  edges.  The  base  of  the  dorsal 
is  syinnietridiil  and  articulates  with  its  interneural  bone  by  two  lateral 
Hat  and  one  convex  incHlian  anterior  condyles,  whose  surfaces  are 
curiously  rugose.  The  interneural  has  a  rugose  median  superior  keel, 
which  terminates  in  a  point  which  is  received  into  a  pit  of  the  base  of 
the  spine ;  there  is  a  similar  i)r<)duction  on  the  posterior  side  for  a  simi- 
lar purpose.  The  basis  of  the  spine  proper  is  smaller  than  that  of  the 
pectoral,  and  is  about  as  wide  as  deep. 

In  a  number  of  fragments  of  another  individual,  found  together,  the 
basi-oecipital  has  the  characters  already  described.  The  dentary  bone 
is  curveil  inward,  and  is  acute  below,  widening  regidarly  to  the  alveolar 
border.  There  is  no  groove  on  the  inner  face,  while  the  outer  is  striate- 
grooved  and  has  a  series  of  pits  along  its  lower  middle. 

Measurements, 

Dianiotor  occii)ltal  articulation 009 

Width  alveolar  face 0()4 

Depth  of  ramus  at  iiiiddlo -.OOS 

*  Named  for  my  veHp«ctiH\fnev\0L\)vuYvvA\5».^u\\\\\,Q.^  0«.Tmantown,  many  years  prin- 
ci])al  of  llavcrford  CoUcge,  am\  w  ttU\v\\i\iX.  «.\\CL\viNxiY  viK  w^'oax\v\^\sswi.vs.'«,. 
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A  part  of  the  opercalum  of  a  third  iDclividual  (with  similar  spines) 
lisplays  great  mgosity  and  elevated  radiating  ridges }  length  of  articu- 
ar  cup,  M.  .0065. 

The  specimens  are  chiefly  from  the  Bad  Lands  of  the  CTpper  Green 
EUver. 

Bhineastes  abguatus.   Cope,  spec.  nov. 

There  are  namerons  spines  abont  the  size  of  those  of  the  last  species, 
rhich  differ  in  the  want  of  the  fine  serrated  anterior  edge.  I  select  one 
LS  the  type,  which  belonged  to  the  pectoral  fin  of  fhe  right  side.  It  is 
inbroken,  and  is  curved  from  base  to  apex.  The  latter  is  acute  by 
m  oblique  posterior  truncation.  The  surface  is  strongly  striate,  and 
he  teeth  of  the  posterior  edge  are  closely  set ;  the  proximal  point  dis- 
ally,  the  distal  proximally.  In  this  specimen  there  is  a  trace  of 
Ulterior  serration ;  in  many  specimens  none  whatever.  The  external 
nrfaces  of  the  epiclaviculur  and  coracoid  bones  are  strongly  rugose- 
itariate,  as  is  the  case  in  all  the  species  of  this  genus,  and  the  most 
characteristic  fragment  is  that  portion  of  the  scapular  arch  at  the  base 
Kf  the  pectoral  spine. 

M. 

Liength  of  spioo  on  curve 052 

Mameter  at  base,  long 006 

diameter  at  base,  short 004 


* 


The  recurved  plate  of  the  base  is  rugose,  as  in  other  cat-fishes. 
Specimens  generally  from  Upper  Green  River. 
The  spines  are  less  compressed  than  in  R,  calvus, 

TRICHOPHANES.    Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  479. 

Allied  to  Erismatopterus^  Cope,  and  to  the  family  of  Cyprinod<mtida\ 
Dorsal  and  anal  fins  short,  each  with  a  long  and  short  spinous  ray  on  the 
interior  margin.  Ventrals  beneath  the  dorsal.  Operculum  with  a  longi- 
uudinal  keel  above.  Mouth  with  a  wide  gape,  extending  beyond  orbit. 
Scales  wanting,  represented  by  rigid  fringes  or  hair-like  bodies.  Several 
important  characters  of  this  genus  are  not  very  distinctly  displayed  by 
3ie  specimen  described.  This  is  especially  the  case  with  the  maxillary 
negion.  The  premaxillary  bone  evidently  forms  a  large  part  of  the 
ireade  of  the  mouth,  but  whether  tlie  wliole,  is  not  certain.  The  pres- 
ence of  teeth  and  number  of  branchiostegal  radii  cannot  be  stated. 
Other  points,  more  definitely  exhibited,  are  a  preoperculum  without 
serrations,  directed  a  little  obliquely  backward;  a  coracoid  of  little 
vidth;  an  inferior  postclavicle  with  a  superior  (proximal)  conchoidal  ex- 
^asion,  and  long,  slender  shaft,  extending  to  the  anterior  extremity  of 
Ibe  femora.  The  latter  are  quite  slender  and  acumiuate  anteriorly, 
wd  grooved  to  the  apex,  but  apparently  not  furcate.  They  do  not 
[^resent  any  marked  posterior  union.    Vertebra?  not  elongate. 

Caudal  fin  furcate.  Interneural  spines  wanting  in  front  of  dorsal 
&n  ;  those  of  the  anterior  rays  very  strong.  Interliiemals  of  the  ante- 
rior anal  rays  similarly  strong.  Caudal  iin  embracing  one  vertebra, 
lad  supported  by  separated  haemal  spines.  The  characters  which 
leparate  TricopJianes  from  Erkmatopterm  are  seen  in  the  large  month 
ind  short  muzzle  and  in  the  peculiar  covering  of  the  body.  In  the 
brmer  character  it  resembles  some  of  the  ^apeli,  while  the  latter 

41  GS 
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is  uot  seen  in  any  genas.  The  bristle-like  bodies  are  scattered  over 
the  whole  extent  of  the  fish,  excepting  the  head  and  the  fins,  and  are 
arranged  in  little  aggregations,  which  are  irregularly  disposed.  The 
processes  themselves  lie  irregularly  together,  as  though  free  from  each 
other,  and  are  evidently  uot  the  impressions  of  keels  of  the  scales. 
Traces  of  other  scales  are  not  visible,  and  the  bodies  described  would 
suggest  the  existence  of  an  ossified  ctenoid  fringe  on  a  less  fully  calsi- 
tied  scale,  or  possibly  without  such  basis. 

Teichophanes  hians.    Cope. 

Loc,  citf  480. 

Vertebrae,  D.,  9;  C,  15 ;  six  between  interneural  spine  of  dorsal  and 
interhaimal  of  anal  tin.  Kadii,  D.  II,  (f)  6,  (soft  rays  somewhat  injured ;) 
A.  II,  7;  V.  and  P.  not  all  preserved  ;  caudal  rays  numerous,  forming  a 
deeply  bifurcate  fin.  The  ventrals  reach  a  little  over  half  way  to  the 
anal,  and  the  latter  about  half  way  from  its  basis  to  that  of  the  candal 
tin.  The  dorsal  tin,  laid  backward,  reaches  the  line  of  the  base  of  the 
tirst  anal  ray.  The  tirst  dorsal  ray  is  a  little  nearer  the  end  of  the  muz- 
zle than  the  origin  of  the  caudal  tin.  The  muzzle  is  very  obtuse,  and,  if 
the  specimen  be  not  distorted,  not  longer  than  the  diameter  of  the  orbit. 
The  gape  extends  at  least  to  the  posterior  line  of  the  orbit.  The  subor- 
bital region  is  deep  posteriorly.  In  its  present  somewhat  distorted  con- 
dition, the  specimen  measures  in — 

M. 

Totallength O.a'jU 

Head 016 

Vertebra) ' 029 

Caudal  liii  0142 

Lci)<jth  dorsal  spiue 008 

Lei);;tli  anal  spine OOS 

Lenf^tli  hair-like  bodies .  iKH^o 

From  the  paper  coal  of  Osiuo,  Nevada. 

AMYZON.    Cope,  Gen.  Nov.  Catostomidarum. 

Proceed.  Aiiier.  Pbilos.  Soc.,  1872,  i).  480. 

Allied  to  Buhalichtliys.  Dorsal  fin  elongate,  with  a  few  fulcral  spines 
in  front,  and  the  anterior  jointed  rays  osseous  for  a  considerable  part  of 
the  lenjijth;  a  few  short  osseous  rays  at  front  of  anal  finj  scales  cycloid; 
caudal  fm  emarginate;  mouth  rather  large,  terminal. 

The  characters  of  this  genus  appear  to  be  those  of  the  Catostomidiu, 
There  are  three  broad  branchiostegals.  The  vertebrje  are  short,  and 
the  lioeina  spines  of  the  caudal  lin  are  distinct  find  rather  narrow.  In 
on(»  specimen  a  pliaryni^eal  bone  is  completely  preserved.  Not  having 
it  before  me  at  the  moment,  1  men^ly  observe  that  it  is  sl(*nder,  and 
with  elongate*  inferior  limb.  The  teeth  are  arranged  comb-like,  are 
truncate,  and  number  about  thirty  to  forty.  This  and  other  portions  of 
the  structure  will  be  more  fully  desciibed  when  the  whole  series  of  sjye- 
cimens  is  investigated.  The  bones  bordering  the  mouth  above  are  a 
little  disphuted,  and  the  lower  jaw  projects  beyond  them,  and  is  directed 
obliquely  ui)ward.  The  dentary  bone  is  slender  and  toothless,  and  the 
angular  is  distinct.  The  premaxiilary  appears  to  extend  beneath  the 
whole  length  of  the  maxillary.  Should  this  feature  be  substantiated,  it 
wiJJ  indicate  a  vesem\>\'a\\eG  to  i^v;v\\\\\v\%.  TV\^  wvaxillary  has  a  high 
ex])ansion  of  its  suY)ev\ov  \\Vi\t\2^\\\,  v\wOi  WiViw  ^vi\\Vevi.v!X>^  V'^i^  v\\\\V^  ^^v\v^^^ 
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ve  it  two  bones  descend  steeply  from  above,  which  may  be  out 
n.  The  preopercalum  is  not  serrate.  The  superior  ribs  are 
loped.  This  form  approaches,  in  its  anterior  mouth,  the  true 
a  through  Buhalichthys.  It  is  the  first  extinct  form  of  Gatos- 
•und  in  this  country. 

Amyzon  mentale.    Oope. 

Loc,  cit.f  p.  481. 

ih  occurs  in  considerable  numbers  in  the  Osino  Shales,  and 
1  specimens  have  been  procured.  Two  only  of  these  are  before 
esent;  they  are  of  nearly  similar  length,  viz,  M.  O.  .12  and 
e  most  elevated  portion  of  the  dorsal  outline  is  immediately 
f  the  dorsal  fin.  From  this  point  the  body  contracts  regularly 
idal  fin.  The  dorsal  fin  is  long,  and  is  elevated  in  front  and 
in  outline,  the  last  rays  being  quite  short.  They  terminate 
he  length  of  the  fin  in  front  of  the  caudal  fin.  The  interneural 
e  stout  in  front  and  weak  behind.  Hadii,  III.  26,  and  (f)  II. 
'e  arc  about  twenty-three  vertebrae  between  the  first  interneural 
i  the  end  of  the  series  in  the  former  specimen,  in  which,  also, 
no  distinct  remains  of  scaled.  In  the  second,  scales  are  pre- 
•ut  no  trace  of  lateral.  There  are  six  or  seven  longitudinal 
ve  the  vertebral  column.  The  anal  fin  is  preserved,  somewhat 
;  the  rays  are  not  very  long,  and  number  II.  7.  The  anterior 
lal  is  expanded  into  a  keel  anteriorly;  ventral  fins  injured, 
ami  supplementaries  are  well  developed.  The  inferior  quad- 
)road  bone,  with  deep  emargination  for  the  symplectic.  Depth 
ront  of  dorsal  tin,  M.  .025;  length  basis  of  dorsal,  .026. 

he  pai)er-coal  of  Osino,  Nevada. 

r  OF  THE   VERTEBRATE   FAUNA  OF  THE  EOCENE 

OF  WYOMING. 

mber  of  species  above  recorded,  as  obtained  by  the  expedition, 
►ws: 

MA3IMALIA,  (45.) 

Species. 

ana 3 

1 6 

lia.    8 

tctyla 14 

6 

lia 1 

edis 7 

AVES,  (3.) 

edis 3 

REPTILIA,  (44.) 

a 8 

ita 32 

t 3 

V 1 
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BATRACHLi,  (1.) 

Species. 

lucertae  sedis 1 

PISCES,  (26.) 

Giuglymodi 4 

Haleoomorpbi 5 

Nematognatlii 7 

Plectospondyli 2 

Isospoudyli 3 

Percesoces 3 

Percoinorphi 2 


Total  number  vertebrata 12(i 


Character  of  the  types  of  Vertebrates. — Professor  Leidy,  in  his  report 
on  this  subject  in  1871,  (Geological  Survey  of  Montana,  p.  353,)  an- 
nounced the  presence  of  Camivora^  Insectivora^  Rodentia^  PerissocUictyla, 
and  Artiodactyla  Omnivora^  concluding  that  Quadrumana^  Chiroptera^ 
Proboseidia^  Artiodactyla^  Ruminantia^  Edentata^  and  Marsupialia  were 
wanting.  He  also  observed  the*  entire  absence  of  horses.  The  resalts 
of  the  survey  of  the  present  year  confirm  these  statements  as  to  the 
presence  of  the  orders  first  mentioned  by  Professor  Leidy,  excepting 
that  of  the  ArUodactyla^th^  existence  of  which  in  any  form  at  the  period 
in  question  remains  uncertain.  The  entire  absence  of  the  RuminanOa 
and  of  the  single  hoofed  equiues  is  fully  confirmed.  On  the  other  hand, 
I  have  been  able  to  add  Quadrumana  and  Proboscidia,  while  Marsh,  who 
discovered  the  tormer  nearly  coincideutally  with  myself,  has  obtained, 
in  addition,  Chiroptera  and  Marsupialia,  Thus  the  fauna  embraced  an 
extensive  series  of  types  of  Mauimalia,  whose  characters  it  will  be  well 
to  «»:lance  at  in  review. 

Of  the  quadrumana  none  are  typical  forms,  and  all  are  much  more  gen- 
eralized than  the  existing  families.  Of  the  six  carnivora,  two,  at  least, 
are  far  from  recent  forms,  ami  combine  important  features  now  found 
in  distinct  families.  The  proboscidia  are  all  remote  from  Miocene  and 
recent  forms,  combining  features  of  perissodactyles.  Of  the  perisso- 
dactyles,six  species  (Hyrachym)  pertain  to  a  persistent  type,  which  still 
exists,  while  eight  species  {Palavsyops,  Limnohyu^^  and  Orohippus)  com- 
bine the  characters  of  the  tapirs  with  the  bunodont  type  with  power- 
ful canine  teeth,  from  which  also  the  artiodactyla  omnivora  sprung. 
The  genera  marked  '^  liieertje  sedis"  are  all  or  nearly  all  generalized 
forms,  having  allinities  to  the  group  in  question.  The  rodentia,  so  far 
as  known,  appear  to  be  more  or  less  similar  to  living  types.  Of  the 
forty-live  species  of  Mammalia  enumerated,  at  least  twenty-eight  may  be 
regarded  as  generalized  in  a  high  degree,  while  not  a  few  others  will 
probably  be  found  to  present  the  same  peculiarity  within  a  lesser  range 
of  variaticm. 

The  ordinal  characters  of  the  Prptilia  are  well  defined,  and  there  is 
nothing  known  among  CrocodUia  remarkably  distinct  from  those  exist- 
ing at  the  present  time.     The  same  may  probably  be  said  of  the  Laccr- 
tilia  and  Ophidia^  though  their  genera  are  not  so  well  known.     It  is  in 
the  tortoises  that  we  have  evidence  of  generalized  forms  again,  which 
only  reflate,  it  is  to  be  noted,  to  the  subdivisions  of  the  order,  and  not, 
«'is  in  the  Mammvdia,to  ot\\eY  ovv\vi\^.    Ol  N\\vi\^i\\'^^-V*{Q  s^^ecies,  ten  be- 
/oi)g  to  typical  forms  uovf  e^\^V\\A^,*aAxv\.\\\\\vi  vT^t\ou'^x,l>fcTm^^ 
/ladn'anm)  to  forms  \\\ik\i  e^v^X>  oy  v\o^vi\>^  ^si^v^rnXX^  v-sx^\v>x^  '^^xw,^. 
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bat  which  are  somewhat  mixed  ia  character.  Thirteen  represent  genera 
iBaenaj  Anostiraj  Plastomemis^  Axesttis)  which  are  extinct  and  general- 
ized in  character,  the  first  three  in  an  es|>ecial  manner,  as  has  been 
pointed  out. 

The  orders  of  the  fishes  are  equally  well  distinguished,  and  so  far  as 
known,  the  types  difier  only  in  minor  respects  from  those  at  present  in- 
habiting North  American  waters.  Generalized  ty(>es  are  unknown,  ex- 
cepting, perhaps,  in  the  very  highest  division.  {HJri^matopterm^  A^ine- 
ops.) 

As  a  result  of  this  and  other  palaeontological  investigations  conducted 
largely  in  North  America,  and  substantiated  by  those  in  other  countries, 
the  periods  of  establishment  of  the  existing  order  of  things  in  the  his- 
tory of  the  vertebrata,  may  be  stated  as  follows : 

The  recent  orders  of  fishes  were  in  existence  in  the  Cretaceous  period, 
and  probably  earlier.  Their  period  of  evolution  was  in  the  Devonian, 
and  perhaps  in  the  Carboniferous  periods.  The  existing  orders  of  rep- 
tiles were  all  established  in  the  Eocene;  the  period  of  evolution  was 
the  three  Mesozoic  ages,  especially  the  Trias.  The  orders  of  birds  were 
inchoate  in  the  Cretaceous,  but  when  they  were  fully  differentiated  is 
unknown.  The  existing  orders  of  Mammalia  were  established  in  the 
Miocene  period ;  during  the  Eocene  they  were  in  process  of  differentia- 
tion and  were  less  or  scarcely  distinctly  defined. 

Onjhe  Phytogeny  of  the  Mammalian  Orders, — So  much  light  is  thrown 
on  this  subject  by  the  researches  into  the  structure  of  the  fossil  Mam- 
malia of  the  Eocene  formation,  that  it  seems  opportune  to  call  attention  * 
to  the  subject.  I  deem  it  demonstrated  to  a  certainty,  that  the  case 
with  the  mammals  of  this  formation  is  the  same  as  with  the  reptiles  of 
the  Trias,  L  e.,  that  the  family  types  are  all  more  generalized,  and  the 
orders  not  nearly  so  widely  distinguished  bb  in  later  periods  of  the 
workPs  history. 

The  succession  of  later  forms  which  has  terminated  in  the  horse,  has 
been  clearly  pointed  out  by  Professor  Huxley,  as  well  as  the  line  which 
has  given  the  world  the  beautiful  order  of  the  Artiodactyla ;  but  the 
approximate  lineal  predecessors  of  the  Prohoscidia^  of  the  Ungulate 
animals  as  a  whole,  of  the  QtLadriimana^  (including  man,)  and  of  the 
Carnivora,  have  not  been  clearly  pointed  out. 

The  genus  EohasUeiis  has  been  sliown*  to  be  a  Proboscidian  which 
combines  some  important  features  of  the  Perissodactyla  with  those  of  its 
own  order,  thus  standing  in  antecedent  relation  to  the  elephants,  &c.,  of 
the  present  day.  The  number  of  such  characters  was  shown  to  be  some- 
what increased  in  Bathmodon^  which  therefore  stands  still  nearer  to  the 
common  point  of  departure  of  the  two  orders.  This  point  is  to  be  found 
in  types  nearer  the  clawed  orders,  (Unguiculata,)  in  the  number  of  their 
digits,  (4-5,)  and  in  which  the  transverse  and  longitudinal  crests  of  the 
molar  teeth  are  broken  up  into  tubercles  more  or  less  connected,  either 
type  of  dentition  being  derived  according  as  such  tubercles  are  ex- 
panded transversely  or  longitudinally.  We  have  several  genera  which 
answer  this  description  so  far  as  the  teeth  are  concerned,  but  unfor- 
tunately the  digits  are  unknown;  such  are  OligotomuSj  Orotherium,  &c. 

The  type  of  Hbmitheriunij  already  described,  evidently  stands  between 
Lemnrine  monkeys  and  such  small  allies  of  Palwo^riido)^  with  conic- 
tnbercalar  teeth,  and  which  abound  in  the  Eocenes  of  Wyoming  and 
France.  The  dentition  of  the  two  types  is  indeed  but  little  different  in 
the  Quadramanons  and  Ungulate  types  respectively,  being  a  contlnu-  * 

^■^^■^^1^^^— ^^^M^^— ^^■i^^»^^^^-^>^^-^'^     ■  I      ■■  ■    ■    ■    ■    I  -       »^^.M^M^^^^^^^^^^— ^.^^^M^^^— ^-^^^^.^^^—  ^1  m^,   I    I       ■■      ^^^^^M^^^^M^^^M^^— ^^^^^^M^M^^M^— ^^M^M^i^^_^^^,^^_^^    ■     ■  M 

*  On  the  dbort-footed  Uugulata  of  Wyoming,  pa^  3. 
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Oils  series  of  1. 2  or  3  5  C  1,  P.  M.  3-4;  M.  3  5  the  canines  but  moderately 

developed. 

A  comparison  with  Nasua  reveals  no  distant  affinity.  As  above  re- 
imirked,  the  fore-limb  presented  a  great  similarity  in  this  geuns  and 
Tomitherium.  The  teeth,  though  less  numerous,  in  the  molar  series  have 
the  cutting  type  anterior  and  tubercular  posterior,  in  both  genera. 
yoiharctus,  Leidy,  resembles  Namia  still  more  than  does  Tomitherium^ 
and  occurs  in  the  same  Eocene  strata.  Professor  Leidy  originally  re- 
garded it  as  a  Carnivore,  and  subsequently  (Hayden's  Survey  Montana, 
]S71)  placed  it  among  Ungulates.  He  was  probably  nearly  correct  on 
both  occasions,  and  that  only  a  technical  line  will  ultimately  decide 
whether  it  be  not  a  monkey. 

But  the  genus  which  associates  more  definitely  the  orders  Carnivara 
and  Quadrumana  is  the  Cercoleptes,  which  F.  Cuvier*  placed  between 
the  two.  Its  two  cutting  premolars  and  three  true  molars,  with  the  co- 
ossified  rami  of  the  mandible,  arc  truly  Quadrnmanons  features,  although 
it  should  on  other  grounds  be  regarded  as  a  plantigrade  Carnivore. 
Several  of  the  extinct  genera  of  the  Wyoming  Eocene  will  prove  to  be 
allied  to  this  form. 

Cercoleptes  does  not,  however,  present  us  with  the  ultimate  original 
typo  of  the  Carnivora.  Such  a  type  must  also  generalize  the  seals,  with 
their  longitudinal,  cone-bearing  molars,  and  tiat,  fissured  claws.  Some 
of  the  seals  also  unite  the  scaphoid  and  lunar  bones  later  in  life  than 
other  Carnivora  ;  hence  we  would  reasonably  look  for  the  division  of 
these  bones  in  their  predecessors.  The  flat-clawed  genera  of  Wyoming  t 
answer  these  demands.  The  genera  Mesonyx  and  Synoplotherium  pre- 
sent us  with  a  series  of  molar  teeth  which  repeat  each  other  in  form, 
are  com[)ressed  below,  and  bear  conical  cusps.  The  jaws  in  the  latter 
genus  are  slender,  and  the  canines  tend  to  the  great  development  seen 
in  many  seals;  but  principally,  the  scaphoid  and  lunar  bones  are  dis- 
tinct, and  the  claws  flat  and  widely  fissured.  The  tympanic  bone  is 
more  like  that  of  the  bear  and  some  seals,  than  that  of  the  digitigrade 
Carnivora.  These  genera,  though  i)robal)ly  good  swimmers,  were  well 
removed  from  the  seals  in  the  structure  of  the  long  bones  of  the  limbs, 
and  were  probably  remote  in  their  aneestry. 

In  01  if/of  omits,  Orotlim'um,  llyopsoduH,  and  similar  forms,  the  conic 
tnben'les  have  a  slight  alternation,  and  the  posterior,  whieh'has  a  cres- 
<*ent(Md  section  in  wearing,  inclines  to  connection  with  both  the  inner- 
conic  tubercles  by  low  ridges.  These  ridges  are  fully  developed  in 
Palfvosf/ops^  so  that  we  have  a  dental  crest  of  two  Y's  in  the  inferior 
molars.  Tliis,  in  wearing,  ))roduces  the  two  crescents  of  Palw<,therhim. 
The  addition  of  two  tubercles  on  the  inner  side  takes  place  in  the  higher 
forms,  which  terminates  in  the  four  crescent-hearing  molars  of  the 
Enminants.  How  this  is  done  is  best  proven  by  examples  from  the 
maxillarv  teeth. 

In  Orotherium  rasaccinnsc,  there  is  a  tendency  for  the  conic  tubercles 
to  be  (connected  in  pairs  by  low  cross-ridges.  These  ridges,  fully  de- 
veloped, produce  the  two  cross  crests  of  llyrnchyuH  and  Tapinis^  In 
Ehinocerm,  the  outer  portion  retains  a  crescentoid  form,  giving  rise  to  an 
L  shaped  crest.  In  Bathmodon  diagonal  ridges  appear,  which  would 
result  in  two  V's,  as  in  PaUvosyopSj  were  it  not  that  both  transverse  and 
oblique  elements  of  the  posterior  V  disappear,  leaving  but  one  such  in 


*  Deutes  des  mainmxferd,  p.  VS\. 

t  See  the  Fiat-clawed  Caxinvoiak  ol  NN^oxawi^^i^.^^^Qi^i^,  k^v\,\«v^» 
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the  middle  and  posterior  part  of  the  maudibular  series. .  In  UintatJierium 
the  diagonal  from  the  posterior  crest  never  appears,  leaving  a  trans- 
verse crest  and  a  V  on  the  true  molars. 

In  the  superior  molar  series,  the  exterior  flattening  of  the  exterior 
tubercles  may  proceed  so  far  as  to  give  cresceutoid  sections  on  wearing, 
and  their  longitudinal  extent  may  be  such  as  to  cause  them  to  unite  at 
their  bases.  A  similar  succession  of  form  may  be  seen  in  the  inferior 
molars,  e,  (/.,  in  Orotheriiim  sylvaticum.  In  both  PaI(cosyop8  and  Hyra- 
chyusj  these  tubercles  (of  the  upper  molars)  are  confluent  into  two  V's 
(more  or  less  open)  when  unworn.  In  the  former,  and  in  IJmnohyus,  the 
inner  tubercles  retain  their  primitive  conic  tubercular  form ;  but  in 
Palwotherium^  BhinoceruH  Lophiodon^  EyracliyuSy  and  Tapir us^  they  elon- 
gate transversely  so  as  to  meet  the  corresponding  outer  tubercles,  (now 
crests,)  forming  the  familiar  cross-crests  of  those  genera.  If  the  tuber- 
cles are  alternate,  they  produce  the  oblique  crest  of  PaUcotlierium;  if 
opposite,  the  cross-crest  of  Tapirus.  An  interesting  annectant  form  is 
seen  in  Orohippus  proq/oninusy  where  the  two  intermediate  tubercles, 
which  separate  the  inner  cones  from  the  outer  V's  in  LimnokyuSj  are  so 
developed  as  to  constitute  parts  of  an  iucom[)lete  pair  of  transverse 
ridges,  which  disappear  in  front  of  the  bases  of  the  outer  V's.  These 
represc^it  the  oblique  crests  of  Pal(€otherium  and  Anchitherium^  and  thus 
the  genus  Orohippus  furnishes  a  station  on  the  line  from  Palceosyops  to 
the  horses. 

If,  on  the  other  hand,  the  inner  tubercles  flatten  like  the  outer  on 
wearing,  we 'have  the  quadricrescentoid  typo  oi  Anoplotherinm  and  the 
Kuminants. 

But  it  is  important  to  observe  that  the  lower  types  of  Quadrximana 
and  Carnivora  present  the  quadrituberculate  crown  with  tendency  to 
flattening  of  the  outer  tubercles,  as  seen  in  these  lowest  Ungulata.  In 
the  Carnivora  the  sectorial  tooth  is  pro<luced  by  the  greater  flattening 
and  partial  confluence  of  the  outer  tubercles,  and  the  eyitire  loss  of  the 
inner,  the  "  heel-'  being  in  the  dogs  and  cats,  e.  g.j  their  only  represent- 
ative. In  the  Quadrnmanous  families,  including  man,  the  primitive 
quadrituberculate  type  of  molars  is  preserved,  the  flattening  of  the 
outer  tubercles  being  liually  lost. 

It  is  to  be  observed  that  the  lines  of  TJngulata^  Quadrumana^  and  Car- 
nivora originate  ifi  plantigrade  types,  a  state  of  things  quite  predomi- 
nant among  the  lower  series,  or  Lissencephalu.  It  is  luiiversal  in  Eden- 
tata and  very  usual  in  Rodentia  and  Imectivora.  The  lower  forms  of 
MarsupiaUa  and  all  of  the  Monotremes  present  it.  In  the  Marsupials, 
Kodents,  Ungulates,  and  Carnivores,  we  have  series  whose  highest  ex- 
pression is  in  the  most  highly  digitigrade  genera. 

The  accompanying  diagram  is  designed  to  express  to  the  eye  more 
clearly  the  propositions  made  above.  By  comparing  it  with  a  similar 
table  publislied  by  Professor  Gill,  (Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  for  1871,  p.  295,)  a  close  resem- 
blance between  the  two  may  be  observed,  as  well  as  certain  differences. 

I  wish  to  be  understood  that  the  genera  named  in  it  as  ancestors  are 
to  be  regarded  in  the  light  of  types  of  groups.  There  is  no  other  mode 
of  explaining  the  facts  than  that  in  accordance  with  the  law  of  "homo- 
logous groups,''  i.  e.,  that  several  genera  of  one  group  have  undergone 
similar  modiflcation  into  corresponding  ones  of  a  second  group.* 

*  See  Origin  of  Geacra,  page  T9,  "Prop.  N^ . 
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Uyjesa. 


!  PlHNIPEDIA.  FBL18. 


Canis. 


Homo. 


SlMIDJB. 


BUMINAXTIA. 


TSAQULUB. 


Bquus. 


Hipparion. 


Elsphas. 


Cebus.  Anoploihoitiiiin.    AnehWierium. 


Hyanodon. 


Ursus.  Xa8UA. 


Hafale. 


Lbmuh. 


Ommvora. 


Orohippaa. 


EokMileua. 


PalieoMyopa. 


Batbmodon. 


Synoplotheriara.     Cercolbptbs.      Tomitheriiira. 


f  OUffotomas. 


^ 


\ 


Note.— Becent  genera  in  shall  capitals  ;  Miocene  in  ibaiiat;  and  Eocene  in  romaa. 


On  the  phylogeny  of  the  genera  of  Testudinata. — The  extinct  tortoises 
of  the  Cretaceous  and  Eocene  throw  considerable  light  on  the  probable 
origin  of  various  existing  genera,*  and  while  much  remains  obscure, 
the  following  observations  may  be  derived  from  the  study  of  the  forms 
in  question : 

The  order  makes  its  appearance  in  the  Triassic  period,  for  I  am  as- 
sured by  Dr.  F.  Endlich,  of  Heading,  Pennsylvania,  that  the  8i)ecies 
obtained  by  Professor  Quenstedt  in  Wtirteniburg  belong  undoubtedly 
to  the  Testudinata,     With  their  special  structure  we  are  not  yet  fully 
acquainted.     A  number  of  genera  appear  in  the  Jurassic,  jiud  there  is 
a  successive  increase  in  the  number  of  species  in  the  Cretaceous  and 
Tertiary  formations.     Three  structural  features  of  importance  mark  the 
earlier  forms.     First,  the  incomplete  union  and  ossification  of  the  ele- 
ments of  the  plastron  and  carapace;  second,  the  reduction  in  size  of 
the  lobes  of  the  plastron ;  third,  the  natatory  character  of  the  pha- 
langes, by  their  truncation  and  union  in  a  single  plane.     Genera,  re- 
tiiining  some  or  all  of  the  peculiarities,  persist  to  the  present  day ;  but 
the  ossified  types,  with  distinct  digits,  are  far  more  abundant,  and  are 
comparatively  rare  in  the  period  of  the  Jura.     SpharglHj  which  is  with- 
out carapace  and  has  a  greatly  reduced  pliistron,  may  be  regarde<l  as 
nearest  the  primitive  types  of  the  order,  though  it  still  exists.     Protm- 
tega,  of  the  Kansas  Cretaceous,  is  its  nearest  extinct  ally  known.     Pro- 
toHtega  is  superior  in  the  well-developed  marginal  bones,  and  prepares 
the  way  for  consideration  of  the  various  genera,  with  incomplete  shields 
of  the. present  period  (Chelone)  or  of  the  Jurassic;  the  former  [Assess- 
ing the  natatory  extremities,  some  of  the  latter  assuming  a  terrestrial 
modification  of  limbs.     Those  with  ambulatory  limbs  lead  us  at  once 
to  the  existing  Chelydra,  the  closing  of  the  sternal  lontanelles  being  ac- 
companied by  a  contraction  of  its  extent,  in  respect  to  the  bridges  and 
lobes.     In  Propleura  of  the  Cretaceous  we  have  a  state  of  things  inter- 
naediate  between  some  of  the  Jurassi(5  genera^  as  Idlochelys  and  Chelone, 


*  See   ou    the  Extiuct  Tortoises  of  the   Cretaceous   of  New  Jersey  ;    Procee<liiigH 
Auwr,  Assoc.  Adv.  Science.  lb"71,  p.  344. 
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These  genera  had  a  common  origin  near  the  Jurassic  predecessor  of 
ProtosUga, 

Trionj^jr  appears  to  represent  another  point  of  departure.  Its  plastron 
presents  a  grade  of  development  near  to  that  of  Propleura^  and  its  nine 
eosUl  bones  have  a  similar  significance.  Its  half-ossified  carapace, 
wanting  the  marginals,  is  inferior.  Its  peculiar  sculpture  is  seen  in  the 
Eocene  Anostiraj  (which  is  much  like  CJielydra  in  form,)  and  in  Adoais 
of  the  Cretaceous,  which  adds  Chelydrine  and  Pleurodire  characters  in 
a  remarkable  manner.  It  is  closely  joined  by  PlastomentiSj  which  is  in 
turn  near  to  Anofftira. 

The  Jura^i^ic  genus  Aplax  Myr.,  is  nearly  as  deficient  in  ossification 
of  carapace  and  ))lastron  a^  Protostega^  and  is  allied  to  the  Chelydrid 
series,  which  existed  eotemporaneously  and  during  the  Cretaceous. 
Idiochelys  represents  a  rather  more  advanced  form,  with  distinct  mar- 
ginal bones,  and  with  affinities  to  Chelydra  of  a  decided  character.  It 
was  probably  its  ancestor.  Allied  to  it  we  have  such  forms  as  Adoais 
and  Bcena,  which,  while  furnished  with  fully  ossified  shell,  still  present 
the  contracted  form  of  plastron  seen  in  Idiochelys  and  Chelydra^  and 
several  points  of  affinity  to  the  Pleurodire  series.  From  some  common 
ancestor  of  these  sprang  also  the  true  Pleuroderes  of  the  Cretaceous, 
as  TapUrosphys:  w^hile,  by  the  omission  of  most  of  the  tendencies  to- 
ward that  series,  we  have  the  genus  of  Emydxdce  near  to  Adoctis, 
Dermatewiys.  From  this  point  we  pass  to  true  Emydid<je^  and  thence,  by 
the  loss  of  a  series  of  phalanges,  to  Testudo,  From  Taprosphys  we  pur- 
sue the  Pleurodire  series  to  the  similarly  modified  type,  Pelomedusa. 

Tlie  accompanying  table  expresses  the  relations  indicated,  supposed 
to  be  genetic,  and  in  accordance  with  the  theory  of  evolution : 


TK8TUDL\ID.«. 


Emydxdce. 


PELOMRDUSIDjG. 


Hydiiabpididjb. 


Fodocnemididae. 


Chelonudct, 


AiwAtira.  Ciieltdkidje.      Chclonides  (7)    Propleuridae 


Plastotnenus. 


SPHARGiDii)^.    Prot  ost  c  gidae.    Trionyob  idao. 


Aplacidae. 


Note — Juro^Hic  typen  in  romao  ;  Cretaceoas  to  recent,  spaced;  Euccno  to  recent,  italics ;  Miocoiu^ 
to  recent,  small  capitals. 


n  Henryi  Fork  of  Gre 
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PioI^Hor  Hayden's 


pi)[ht  miles  fmni  VnrI  Brtrtgfi 
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niUi'ii  Otjui  Flirt  BrldgBr: 
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ON  REMAINS  OF  PRIMITIVE  ART  IN  THE  BRIDGER  BASIN  OF 

SOUTHERN  WYOMING. 

By  Professor  Joskfii  Leidy.  • 

Fort  Bridger  occupies  a  position  in  the  midst  of  a  wide  plain  at  the 
ba^e  of  tbe  Uiutah  Mountains,  and  at  an  elevation  of  upward  of  G,000 
feet  above  the  sea-level.  The  neighborini;^  country,  at  a  remote  geolog- 
ical period,  appears  evidently  to  have  been  occupied  by  an  immense 
fresh- wat«r  lake,  and  the  ancient  hike-deposits  now  form  the  basis  of 
the  region.  These  deposits  have  been  subjected  to  a  vast  amount  of 
erosion,  resulting  in  the  production  of  deep  valleys  and  wide  basins, 
which  are  traversed  by  Green  River  and  its  tributaries.  From  the 
valley  of  Green  River,  the  ancient  lake-deposits  rise  in  succession  as  a 
series  of  broad  tablelands,  or  terraces,  and  narrower  flat-topped  hills, 
which  extend  to  the  flanks  of  the  surrounding  mountains. 

The  snows  of  the  Uintah,  Wahsatch,  and  other  mountain-ranges  are 
a  never-failing  source  of  supply  to  the  principal  streams;  but  most  of 
the  lesser  branches,  dependent  for  their  supply  on  the  winter  snows  of 
the  lower  hills  and  plains,  completely  dry  up  on  the  advance  of  summer. 

The  country  for  the  most  part  is  treeless,  and  destitute  even  of  large 
shrubs,  except  along  some  of  the  watercourses  and  in  some  of  the 
narrower  valleys.  At  a  greater  elevation  the  higher  foot-hills  and 
flanks  ot  the  Uintah  Mountxiins  are  covered  with  a  dense  forest  growth, 
from  which  the  rocky  summits  of  the  latter  project,  as  bare  of  vegeta- 
tion as  the  plains  below. 

The  elevation  of  the  Bridger  Basin  and  the  very  little  rain-fall  of  the 
region  are  conditions  unfavorable  to  a  luxuriant  vegetation.  The  prin- 
cipal growth  of  the  plains  consists  of  sage-bushes,  {Artemisia  tridentata,) 
intermingled,  however,  with  many  other  less  abundant,  and,  in  proper 
season,  bright  flowered  plants.  Wide,  bare,  path-like  intervals  sepa- 
rate the  bushes,  or  the  interspaces  are  occupied  by  scanty  grasses. 

The  flat  topped  hills  or  table-lands  arising  from  the  valleys  and 
extended  plains,  independent  of  the  higher  mount-ainranges,  form  the 
most  characteristic  feature  of  the  landscapes  in  Southern  Wyoming. 

The  flat- topped  hills  or  terraces,  worn  into  all  sorts  of  shapes,  some- 
times appearing  in  the  distance  as  extensive  fortitications,  at  others  as 
sjreat  walled  cities,  huge  castles,  pyramids,  mounds,  &c.,  are  familiarly 
known  under  the  name  of  buttes.  This  word  is  of  French  origin,  and 
signifies  a  bank  of  earth  or  rising  ground.  Similar  features  under  simi- 
lar conditions  are  frequent  in  many  parts  of  the  continent  west  of  the 
^Mississippi. 

The  buttes  in  the  neighborhood  of  Fort  Bridger  are  composed  of 
learly  horizontal  strata  of  various  colored  indurated  clays  and  sand- 
stones. In  most  localities  visited  by  the  writer  the  clays  predominate, 
iud  are  usually  greenish,  grayish,  ash-colored,  and  brownish.  When 
luexposed  they  are  compact,  homogeneous,  and  of  stony  hardness*  In 
composition  they  vary  from  nearly  pure  clay  to  such  as  are  highly 
irenaceoos,  and  gradate  into  those  in  which  sand  largely  predominates. 
Bzposed  to  atmospheric  agencies  they  readily  disintegrate,  and  the 
leclivities  of  the  buttes,  generally  destitute  of  vegetation,  are  nsnaUy 
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invested  with  crumbliag  material  from  a  few  inches  to  a  foot  or  more  in 
depth. 

The  sandstones  are  more  frequently  of  various  shades  of  green,  but  are 
also  yellowish,  and  pass  into  shades  of  brown.  They  are  compact  and 
hard  when  unexposed  to  the  weather,  and  are  nsnally  fine-grained,  but 
also  occur  of  a  gravelly  character.  Disintegrating  lens  rapidly  than  the 
contiguous  clays,  masses  are  often  seen  resting  upon  narrow  cones  of 
the  latter,  contributing  greatly  to  the  picturesque  and  ofttimes  fantastic 
appearance  of  the  buttes. 

The  buttes  in  some  localities  contain  beds  of  impure  limestones, 
highly  calcareous  clays,  and  harder  siliceous  clays.  In  others  they  con- 
tain thin  seams  of  fibrous  arragonite,  brown  and  striped  jaspers,  flint, 
and  not  unfrequently  nodules  of  agate  and  chalcedony.  Many  of  the 
table-lands  and  lesser  buttes  in  the  vicinity  of  the  Uintah  Mountains 
are  thickly  covered  with  drift  from  the  latter,  consisting  of  gravel  and 
bowlders  of  red  and  gray  compact  sandstones  or  quartzites.  The 
bowlders  are  generally  small,  but  assume  larger  proportions  approach- 
ing the  Uintahs.  In  many  cases  the' drift  completely  covers  the  buttes, 
descending  upon  the  declivities  so  as  entirely  to  conceal  their  structure. 
UsuallyJ  however,  it  is  accumulated  in  the  ravines  of  the  declivities, 
leaving  bare  the  intervening  ridges  of  light-colored  clays  and  sand- 
stones. 

Many  buttes  in  other  localities  are  nearly  or  quite  free  from  drift 
materials.  <  >thers,  again,  are  strewn  with  more  or  less  angular  frag- 
ments of  rock,  consisting  of  the  harder  materials  from  the  terraces 
themselves,  and  these  likewise  occur  with  the  mingled  drift  from  the 
mountains.  In  some  localities  the  stones  strewn  over  the  lower  buttes 
and  plains  are  broken  and  flaked  in  such  a  manner  as  in  many  cases  to 
a^suuie  the  appearance  of  rude  works  of  art.  With  them  there  are 
mingled  implements  of  art  of  the  rudest  construction,  together  with  a 
lew  of  the  finest  finish.  In  some  places  the  stone  iniplements  are  so 
numerous,  and  at  the  same  time  are  so  rudely  constructed  that  one  is 
constantly  in  doubt  wben  to  consider  them  as  natural  or  accidental  and 
when  to  view  them  as  artificial.  Some  of  the  plains  are  so  thickly 
strewn  with  the  natural  and  artificial  splintered  stones  that  they  look 
as  if  they  had  been  the  battle-fields  of  great  armies  during  the  stone 
age. 

Representations  of  a  few  of  the  flaked  stones  are  given  in  Figs.  1 
to  12.  These  with  little  doubt  may  be  viewed  as  rude  implements  of 
art.  The  vast  numbers  of  similar  stones  to  be  found  on  the  buttes  and 
plains  near  Fort  Bridger,  and  their  gradation  to  undoubted  accidental 
fragments  with  which  they  are  mingled,  alone  renders  it  improbable 
that  they  should  be  considered  as  such. 

The  splintered  stones,  including  the  implements  of  art,  appear  greatly 
to  differ  in  age.  Some  of  the  specimens  of  black  and  brown  and  striped 
Jaspers,  and  of  black  liint,  resembling  the  chalk  flint  of  Europe,  are  as 
sharj)  and  fresh  in  appearance  as  if  they  had  been  but  recently  broken 
from  the  parent  block.  Others  are  worn,  and  have  their  sharp  edges 
removed,  and  are  so  deeply  altered  in  color  as  to  look  exceedingly 
ancient.  Thus  some  of  the  specimens  composed  of  brown  or  black 
jasper  have  the  surface  of  a  dull,  chalky  aspect  extending  to  the  depth 
of  the  fourth  of  an  inch. 

The  question  arises  who  made  the  stone  implements  and  when,  and 

why  should  they  occur  iu  av\c\v^T^2b\iA\\v\B^cv^:v^\\vl\\A  particular  localities 

indicated. 
My  friend,  Dr.  J.  Yau  X.  CaT\,^T^x^^\CL\\i^^V^Q^V^^\^^^^^^\v^^^ 


Flaksor  black  flint,  unmliiu.    From  the  plila  Dear  Dry  Creak. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       653 

acquainted  with  the  laDgaage,  history,  manners^  and  customs  of  the 
neighboring  tribes  of  Indians,  informs  me  that  they  know  nothing 
about  them.  He  reports  that  the  Shoshones  look  upon  them  as  the  gift 
of  God  to  their  ancestors.  They  were  no  doubt  made  long  ago,  some 
probably  at  a  comparatively  late  date,  that  is  to  say,  just  prior  to  com- 
munication of  the  Indians  with  the  whites,  but  others  probably  date 
centuries  back.  Their  great  numbers  in  particular  localities  may  per- 
haps be  accounted  for  from  the  circumstances  that  the  neighboring 
buttes  may  have  been  especially  the  places  resorted  to  for  the  materials 
of  which  the  implements  are  made,  and  the  ruder  ones  were  perhaps 
cast  aside.  The  decomposition  of  the  surface  of  some  of  the  jasper 
and  flint  specimens  may  be  looked  upon  as  indicative  of  considerable 
age,  though  this  change  may  have  taken  place  more  rapidly  than  ordi- 
narily, from  the  action  of  alkaline  matters  with  which  the  soil  of  the 
country  is  often  much  imbued. 

In  an  excursion  to  Grizzly  Buttes,  about  ten  miles  from  Fort  Bridger, 
I  observed  what  appeared  to  be  the  remains  of  the  basin  of  a  large 
pond  or  lake.  The  surrouiidiug  buttes  were  low  mounds,  the  remains 
of  the  once  more  elevated  boundaries  to  the  supposed  lake.  Upon  the 
edges  of  this  I  noticed  numerous  spawls  of  stone,  and  among  them  a 
number  of  well-finished  stone  arrow-heads.  They  appeared  to  me  to  be 
the  traces  of  a  people  who  once  camped  on  the  shores  of  the  lake,  which, 
perhaps,  has  been  drained  for  some  centuries. 

The  Indians,  in  seeking  a  site  for  their  temporary  or  more  permanent 
abodes,  would  naturally  select  places  where  there  was  a  supply  of  water 
and  fuel,  as  well  as  of  game.  In  repeated  instances,  after  traversing  a 
desert  waste,  I  have  been  led  to  look  upon  some  sheltered  valley,  or  a 
hollow  in  the  hills,  green  with  vegetation  and  furnished  with  a  spring 
of  water,  as  having  been  formerly  occupied  by  Indian  lodges,  and  in  all 
cases  the  view  was  confirmed  by  the  discovery  of  a  number  of  charac- 
teristic stone  implements. 

In  this  rcd^tion  I  may  take  the  opportunity  of  speaking  of  a  stone 
implement  oi  the  Shoshone  Indians,  one  of  so  simple  a  character  that 
had  I  not  observed  it  in  actual  use  and  had  noticed  it  among  the  mate- 
rials of  the  buttes,  I  would  have  viewed  it  as  an  accidental  spawl.  It 
consists  of  a  thin  segment  of  a  quartzite  bowlder,  made  by  striking  the 
stone  with  a  smart  blow.  The  implement  is  represented  in  Fig.  13, 
and  is  circular  or  oval,with  a  sharp  edge,  convex  on  one  side  and  flat  on 
the  other.  It  is  called  a  "  teshoa,"  and  is  employed  as  a  8crai)er  in 
dressing  bufi'aloskins.  By  accident  I  learned  that  the  implement  is  not 
only  modern,  as  I  obtained  one  of  the  same  character,  together  with 
some  perforated  tusks  of  the  elk,  from  an  old  Indian  grave,  which  had 
been  made  on  the  upper  part  of  a  butte,  and  had  become  exposed  by 
the  gradual  wearing  away  of  the  latter. 

The  perforated  tusks  of  the  elk  are  also  a  subject  of  some  interest  in 
connection  with  the  history  of  primitive  man.  The  tusks  are  worn  in 
the  form  of  a  necklace,  as  ornamental  trophies,  by  the  Shoshone  and 
other  Indians  of  the  West.  In  a  recent  number  of  the  American  Jour- 
nal of  Science  and  Art  for  1872,  in  a  notice  "On  fossil  man  of  the  cav- 
ern of  Brouss<^-rousse,  in  Italy,"  it  is  stated  that  besides  a  human  skull 
associated  with  the  bones  of  many  extinct  animals,  there  were  also 
found  several  flint  knives  and  a  number  of  perforated  canines  of  the 
stag.  It  would  thus  ap[)ear  that  primitive  man  in  Europe  as  well  as  in 
this  country  used  the  same  kind  of  ornaments,  as  he  did  the  same  kind 
of  stone  implements. 

Pig.  14  represents  one  of  the  i)erforated  canines  or  tusks  of  the 
elk,  found  in  the  Indian  grave  as  above  indicated. 
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ANCIENT  MOUNDS  OF  DAKOTA. 


By  C.  Thomas,  Ph.  D. 

While  at  the  Northern  Pacific  crossing  of  James  Biver,  in  Dakota 
Territory,  daring  the  past  summer,  I  was  informed  by  the  officers  of  the 
military  post  at  that  phice  that  there  were  some  mounds  in  the  vicinity 
which  were  supposed  to  be  artificial. 

Colonel  BurkCj  who  was  in  charge  of  the  post,  very  kindly  consented 
to  allow  several  soldiers  and  some  Sioox  scouts,  who  were  willing  to 
accompany  us  to  assist  in  opening  one  of  these  to  test  the  correctness 
of  this  opinion  ;  and  General  H.  W.  Thomas,  who  took  great  interest  in 
the  subject,  agreed  to  conduct  thi^  operations. 

These  mounds  are  situated  on  a  high  prairie  east  of  Pipestone  Greek, 
about  two  miles  southeast  of  Jamestown,  near  the  bluff  which  over- 
hangs the  narrow  valley  of  the  creek.  The  position  is  a  commanding 
one  overlooking  a  large  extent  of  country  toward  the  north  and  west, 
but  to  the  south  and  east  the  prairie  rises  a  little  higher  than  at  this 
point,  but  between  this  point  and  the  higher  ground  in  the  latter  direc- 
tion there  is  a  broad  slight  depression. 

The  three  mounds  in  this  group  are  situated  in  relation  to  each  other 
as  represented  in  the  annexed  wood-cut,  and  are  connected  with  each 
other  by  low  ridges,  evidently  the  remains  of  walls  of  some  kind. 
Aj  the  central  mound,  is  the  largest,  being  about  210  feet  in  circuin- 

Fig,  55,  ferenceat the base,asl judged 

by  carefully  pacing  it;  it  is 
about  8  feet  high  in  the  cen- 
ter, the  top  having  evidently 
been  worn  down  considerably 
by  the  wind,  rain,  &c.,  and 
the  material  deposited  around 
the  base  perhaps  slightly  en- 
larging its  original  circumfer- 
ence. A  badger-hole  entered 
near  the  apex,  penetrating  it 
obliquely  some  4  or  5  feet. 
B,  situated  to  the  southwest 
.  of  A,  about  144  feet  distant, 
is  nearly  as  large  as  the  lat- 
ter, and  apparently  similar  in 
every  respect  except  that  it 
api)ears  to  be  more  worn  and  not  quite  so  regular  in  its  outlines. 

(7,  the  third,  is  situated  about  36  feet  almost  directly  east  of  A,  and 
is  about  half  the  size  of  that  mound. 

D  and  E  are  the  lowjidges  connecting  these  mounds ;  they  are  about 
15  to  18  feet  broad,  and  from  2  to  3  feet  high.  Another  broad  and 
somewhat  indistinct  ridge,  marked  F  in  the  cut,  runs  southeast  from 
Ay  fading  out  at  the  distance  of  about  400  feet. 

Commencing  on  the  north  side  of  A  at  O,  we  made  an  opening  about 
3  feet  wide  and  extending  a  little  beyond  the  center.    A\io\3A»'l  ^^^\>\^wsv 
the  surface,  near  the  center,  we  began  to  find  \MxmATi\io\i^^  wci^x^KiOawsfe'^ 
of  an  animal,  apparently  those  of  the  buffalo-,  tXi^  TOTi««i«»  ^1  ^^^  ^^"^ 
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or  two  individuals  were  found  here.  Below  these  a  few  rocks,  bat  by  no 
means  regularly  placed,  were  found ;  next  we  came  upon  the  remains 
(human)  of  a  number  of  individuals,  at  which  point  we  ceased  operations. 
Some  six  or  seven  individuals  were  disinterred.  There  did  not  appear 
to  be  any  great  regularity  as  to  the  position  of  the  skeletons;  in  one 
case  the  face  was  upward,  two  on  the  side,  and  one  perpendicalar, 
(though  in  this  instance  the  body  did  not  conform  to  the  position  of  the 
skull.)  In  most  eases  the  heads  appear  to  be  toward  the  south.  Over 
the  bodies  there  was  a  layer  of  some  hanl  mixture,  much  like  mortar, 
containing  a  white  or  ashy  substance  resembling  the  alkaline  deposits  of 
this  section.  Mingled  with  the  bones  near  the  top,  as  before  stated, 
were  tbose  we  supposed  to  be  of  the  buffalo ;  a  beaver-tooth  was  also 
found,  but  no  implements  of  any  kind  were  obtained ;  yet,  as  we  did  not 
go  to  the  bottom,  we  could  not  say  there  were  none  there.  Some  bones 
of  small  animals  were  found  near  the  surface,  but  these  had  evidently 
been  carried  into  the  badger-hole. 

The  Sioux  scouts,  who  were  full-blood  and  unable  to  speak  Englishf 
showed  no  disgust  or  hesitancy  at  the  work,  handling  the  bones  with- 
out objection,  and  when  asked  if  they  knew  anything  about  these  mounds 
shook  their  heads  in  reply. 

The  layer  of  hard  ash-colored  earth  is  somewhat  difficult  to  account 
for  unh^ss  we  supi>ose  fires  were  kindled  hcR*  after  the  bodies  were 
buried  and  covered,  for  funeral  rites  or  some  other  purpose. 

We  dug  into  and  for  some  distance  along  the  middle  of  the  ridge  or 
embankment  i>,  but  could  discover  nothing  to  indicate  that  it  bad  ever 
been  moi-e  than  a  simple  dirt  embankment  or  wall,  possibly  of  sod,  as 
we  often  see  the  settlers  of  the  present  day  make  in  these  western  prairies. 

As  1  have  not  studied  these  ancient  remains  of  the  former  inhabitants 
of  this  country,  and  do  not  desire  to  speculate  in  regard  to  them,  I  take 
pleasure  in  adding  the  following  notes  furnished  by  Geuer«il  Thomas 
respe(rting  these  and  some  other  mounds  he  opened  in  this  section  )ae- 
vious  to  u{\  arrival: 

••  Lvwi»i  and  ('larko  reyiortod  seeing  Indian  moniuls  1,(>()I)  miles  above  the  confliiciire 
ol'  till*  Mississippi  and  Missouri,  hut  this  report  is  not  v«'riiiiul."  So  says  Mr.  John  I). 
IJiildw  in,  A.  M.,  in  iiis  work  entitled  "Ancient  Anieriea." 

I  now  and  iiere  ]»n)[M»se  to  contribute  my  mite  toward  the  verification  of  the  slate- 
nuMt  of  Lewis  and  Clarke. 

The  iVw  men  whom  <luty  or  wild  inclination  have  from  tini<^  to  tiini*  bron^^l^t  into 
this,  for  t  lie  most  ]iart,  uninhabited  region  of  tR*eless  prairie,  have  all  known  of  the  exist- 
ence of  (honsandsof  artilieial  mounds.  What  was  in  them  they  knew  nor,  and  but  two  or 
tliree,  to  my  knf>wled^«',  have  (^ver  been  o[)ened.  On  Anj;ust  H>,  \>^'J,  I  opened  one  on 
the  hi;;h  tabb'-lands  that  spread  out  on  both  sides  of  a  little  stream  ealUnl  the  Janio. 
The  ])oint  is  about  17"  north  latitude,  and  1)^^- 3H'  jonixifuch*  west  from  (.Ireenwicrh.  It  is 
within  three  nnh's  oft  he  line  oi"  the  North  Pacilic  Railroad.  The  mourifl  is  circular  in  fiurn, 
'.iOj.i  l\et  iu  its  shortr-r,  and  :>r>f*,  feet  in  its  longer  diameter,  and  five  feet  high.  I 
opened  four  irenches.  three. feet  witle,  from  the  outer  e<lge,  me<^ting  in  the  ecrnter, form- 
ing a  cros-*  when  finisln-d.  I  thru  excavated  tin;  entire  mound  from  the  (renter  out- 
ward, until  then'  was  nothing  more  to  tiud.  F«U"  results  I  had  several  t  wo-bushel bags 
full  ot  bones,  eight  skulls,  many  pi<'ces  of  skulls  too  small  to  be  of  value,  (there  mu'*! 
have  been  .if  least  twenty-live  bodies  buried  tluTe,)  a  rongh-hewn  stone  10  inches  high 
aud  oi  inelK's  in  diauu'ter,  in  shape  resembling  ^^  closely  a  conical  shell,  a  cutting; 
half  an  inch  diep  around  the  <!enter,  thus,  Ba  (This  was  <'vidently  tied  with 
thongs  to  a  stout  handle,  and  used  in  pulveriz  IH  ing  their  maize.)  A  portion  of  a 
shell  necklace,  two  llints,  two  hea<ls  of  bt»aver,  ar.d  some  bones  of  animals  un- 
known, and  a  large  <iuautity  of  bivalves,  much  like  the  chim  (Mfja  ohiongafa)  ot  our 
Atlantic  coast,  but  thicker,  aud  the  interior  surface  much  more  pearly. 

Is  this  mound,  and  its  thousands  of  duplicates  all  over  this  ct)untry,'  the  work  of  the 
present  rac«'  of  Indians,  or  is  it  not  ? 

1.  The  JndiauK  Iktc  and  their  habits  have  been  known  for  some  eighty  years.    Tlicy 
always  hav*-.  bmiedtheAr  deadiu  tv<^e^viU^\c^Ti\^Y\^\\.v^\\^\uattcu^Gseattbldillg8,  and  they 
nev«  r  ijuddU;  with  lheu\  a\*U'T\s'v\Tv\. 
2.  1   had  two  Sioux  ludiaws  (^iwoww^^vV  ^<iQ>\\.'^^  V\'Ccv  \svsi.  \  \ss:^5^^  \>c^^vcv  VA^jj  ^\%. 
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Tliey  had  not  the  slightest  objection,  were  full  of  curiosity,  and  said  they  knew  nothing 
of  who  was  bnried  there.  Had  these  been  their  ancestors,  tradition  would  have  pre- 
served the  foct.  They  take  any  meddling  with  their  dead  in  high  dudgeon,  as  was 
instaQced  lately.  A  surgeon  at  a  neighboring  post  took  the  body  of  a  little  papoose  oifa 
•eaflbld  where  it  lay.  The  tribe  pursncd  him,  represented  themselves  as  outraged, 
and  the  post  commander  wisely  ordered  it  given  up.  If,  then,  mounds  had  been  the 
banal-places  of  the  ancestors  of  the  present  Jndians,  they  would  have  known  it  and  cer- 
tainly oblected  to  the  desecration.  Two  half-breeds  also  rode  up,  watched  me  some 
time  with  the  greatest  curiosity,  said  they  knew  nothing  of  these  mounds,  and  finally 
rode  away  on  their  little  Indian  ponies,  their  long  lariats  of  untanned  buffalo-hide 
trailing  l>ehind  them  on  the  ground,  and  examined  with  unfeigned  curiosity  other 
neighlM>ring  monnds.    They  had  evidently  received  a  new  revelation  as  to  them. 

Again,  the  Dakotas  or  Sioux  are  supposed,  on  good  authority,  to  be  a  branch  of  the 
Iroquois.  This  tribe  and  their  habits  have  been  known  ever  since  the  eastern  coast  of 
North  America  was  discovered  and  settled,  and  we  hear  of  no  such  custom  among 
them. 

3.  The  mounds  and  their  contents  are  ai)parently  of  great  antiquity.  They  are,  iu 
every  case,  on  the  very  highest  point  in  their  immediate  neighborhood,  and  perfectly 
drained.  The  climate  is  excessively  dry;  ho  dry  that  the  James  River  is  entirely  dry 
at  a  point  about  500  feet  above  the  contemplated  railroad-bridge  across  the  river.  Not- 
withstanding this,  manv  of  the  bones  crambled  into  white  dust  on  being  brought  to 
the  air,  like  those  foun(i  in  Herculaueum  and  Pompeii,  and  it  was  absolutely  impossi- 
ble to  get  out  a  single  one  in  anything  like  perfection.  Around  and  over  these  bodies 
atones  and  s'.icks  were  placed,  doubtless  to  preserve  the  remains  from  the  coyote  and 
the  fox.  The  wood  could  be  rubbed  into  fine  yellow-brown  dust  between  the  thumb 
and  forefinger.  Aay  trace  of  excavation  around  the  mound  for  dirt  to  heap  it  with 
had  been  entirely  obliterated.  The  upright  position^ of  the  skulls  also  indicated  that 
the  bodies  were  buried  iu  a  sittiug  posture.  The  leg-bones,  however,  lay  lower  and 
horizon  tal. 

4.  The  number  of  mounds  indicates  a  denser  population  than  ever  has  been  known 
here,  or  than  the  natural  resources  of  this  region  can  now  support  by  the  chase.  At 
the  same  time  the  number  of  dry  lakes  scattered  all  over  would  indicate  that  at  some 
remote  period  the  country  may  have  been  a  better  one  than  now,  and  supported  a 
larger  population. 

5.  The  crowning  argument,  however,  comes  with  the  skull.  It  is  unlike  that  of  any 
human  being  to-day  alive  on  this  continent ;  the  frontal  bone  being  low,  receding, 
growiug  narrow  and  pinched  fVom  the  brows  up  ;  the  top  of  the  head  depre^nsed  in  the 
center.  The  cavity  of  the  cranium  is  full  seven  inohes  long,  and  a  scant  four  and  a 
half  inches  wide.  The  orbital  ridges  or  eyebrows  are  excessively  developed,  like 
those  of  the  great  Gibbon  monkey.  In  fact  the  whole  skull  resembles  that  of  the  great 
Gibbon  monkey.  The  malar  or  cheek  bones  run  down  very  low  and  deep  toward  the 
lower  jaw,  are  set  very  far  to  the  front,  and  are  not  wide  at  top,  but  widen  very  much 
toward  the  bottom.  The  nose,  and  here  is  the  anomaly,  is  much  more  jiquiline  than 
that  of  the  Indian.  The  superior  maxillary  is  one-third  deeper  and  much  more  promi- 
nent than  the  Indian's.  The  inferior  maxillary  is  of  uncommon  prominence,  depth,  and 
power  far  exceeding  that  of  the  ludian.  The  mouth  is  narrow  and  long,  more  dog- 
ahaped  than  the  Indian's.  The  foramen  niagnum  or  aperture  at  base  of  skull,  where  the 
spinal  conl  enters  the  head,  is  peculiarly  small.  The  condyloid  yn  oeesnes  are  full,  oblong. 
Bat  on  the  working  surfaces,  and  at  such  an  angle  as  to  sot  the  head  upwanl  and  back 
more  than  any  race  we  know  to-day  on  this  continent.  Set  one  of  these  skulls,  with- 
out the  lower  jaw,  on  the  table,  and  a  line  drawn  from  the  upper  jaw  perpendicularly 
npward  would  be  a  good  inch  and  a  half  in  front  of  the  forehead.  Set  on  the  lower 
jaw  and  it  would  be  two  inches.  Mr.  R.  D.  Guttgisal,  formerly  an  engineer  on  the 
Mexican  Central  Railroad,  in  connection  with  some  friends,  opened  a  mound  at  Chi- 
Imahna,  on  the  line  of  that  railroad.  The  skulls  resembled  those  I  have  described  (so 
he  informs  me)  in  every  particular.  He  especially  remembers  the  somewhat  bird- 
shaped  head,  and  the  excessively  BvnsAl  foramen  magnum.  The  bodies  were  not  interred 
horizontally  there,  but  leaning  backward  as  if  in  a  rocking-chair.  Professor  H.  H. 
Hmith,  University  of  Pennsylvania,  has  one  of  the  skulls. 

On  the  east  bank  of  the  James,  three  miles  from  the  mound  described,  is  one  four 
or  five  times  as  large.  A  heavy  embankment,  some  12  or  15  feet  wide  by  3  high, 
mns  nearly  southwest  150  feet,  connecting  it  with  another  mound.  There  is  also 
another  emoankmbut  at  right  angles,  running  southeast  about  400  feet,  growing  flatter 
natil  lost  in  the  prairie. 

Accompanied  by  Professor  Cyrus  Thomas,  of  the  United  States  geological  survey, 
under  Dr.  F.  V.  Hayden,  I  opened  one  of  these  mounds,  at  the  end  of  August,  1H72, 
and  foond  the  same  kind  of  skulls,  similarly  disposed  in  all  respects.  The  whitish 
color  of  the  Buperincumbent  earth  astonished  the  professor,  who  is  inclined  to  the 
opinion  that  fnneral  rites  were  celelirated  here.  He  was  unable  to  account  for  the 
pocnliar  character  of  this  rich  earth  and  the  ash-colored  layer  on  any  other  hypothesis. 

42  O  8 


658       GEOLOGICAL  SURVEY  OF  THE  TEBRITORIES. 

We  cut  throu«^h  one  of  the  embaukments,  and,  turning  a  right  angle,  followed  it  up 
along  its  center  sufficiently  to  satisfy  us  that  it  contained  no  bnman  remains. 

Who,  then,  were  these  northern  mound-builders  f  This  question  must  be  answered 
by  those  abler  than  I.  I  cannot  refrain  hazarding  the  opinion,  however,  that  they 
were  an  offishoot  of  the  mound-builders  whose  larger  works  are  seen  as  far  north  us 
Northern  Ohio  at  least ;  that  they  deteriorated  century  after  century  in  this  barren 
northern  section,  until  they  became  the  people  their  skulls  show  them  to  have  finally 
been  ;  and  so  poor  tliat  a  flint-headed  weapon,  a  shejl  necklace,  and  a  stone  for  giind- 
ing  their  food,  were  all  their  starving,  surviving  relatives  could  aftbrd  them  on  their 
sorrowful  journey  to  the  spirit  land. 

H.  G.  THOMAS, 
Captain  Twcntietk  Infantry ,  Brer,  Brig.  Gen.  U.  S.  A. 


I>^RT   III. 


SPECIAL  REPORTS 


ON 


ZOOLOGY    AND    BOTANY. 


>ORT  ON  THE  MAMMALS  AND  BIRDS  OF  THE  EXPEDITION. 

By  C.  H.  Mkkiuam. 

[R :  I  take  pleasure  in  presenting  my  report  on  the  mammals  and 
Is  collected  during  the  past  season  for  publication  in  your  report, 
desire  to  tender  my  thanks  to  Mr.  8.  W.  Jaycox  for  his  assistance 
he  collections.    I  collected,  from  the  5th  to  the  21st  of  June,  one 
dred  and  twenty  bird-skins,  and  fifty-two  nests  with  eggs, 
wish  to  express  my  indebtedness  to  Mr.  Piatt,  whose  collections  in 
department  would  have  been  larger  had  he  not  also  had  charge  of 
alcoholic  and  botanical  collections  made  by  that  branch  of  the  expe- 
3n  under  your  immediate  control.    I  wish  also  to  state  that  I  am 
er  gre^^t  obligations  to  Professor  S.  F.  Baird  and  Mr.  Hobert  Eidg- 
'j  of  the  Smithsonian  Institution,  for  aiding  me  in  various  way3. 
he  total  number  of  bird-skins  collected  is  three  hundred  and  thirteen ; 
lests,  with  eggs,  sixty-seven.    I  found  no  birds  at  T6ton  or  Fire- 
e  Basins  specifically  different  from  those  collected  at  other  places  on 
route. 

I  remain,  vours,  very  respectfully, 

C.  HART  MERRIAM. 
'r.  F.  V.  Hatden,  * 

United  States  Oeologist 


M  A  M  M  A  L  S  . 
Order  I.— RAPACIA. 

(Snb  order  CARNIVORA.) 
Family  6. — Mustelidjs. 
(Sub-family  MarthKe.)" 
'utorius  piisillus,  Aud.  and  Bach.,  (least  weaslc :) 


Smithsonian  cata- 
logne-nuinber. 

Sex. 

Date. 

Locality. 

SknU. 

Skin. 

12416 

11102 

Juv. 

July  22, 1872 

T^ton  BasiO;  Idaho. 

foi. — ^Minnesota  to  Puget's  Sound ;  New  York,  (De  Eay.) 


662 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 


Gulo  luscns,  Sabine,  (Wolverine :) 


No. 

Catalogue-  namber. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

54 

1 1094 

11094 

<?? 

Aug.  10, 1872 

Yellowstone  River,  Wyo. 

Ilab, — Salt  Lake  and  Black  Hills^Nebraska,  to  Arctic  America ;  (North- 
ern New  York,  And.  and  Bach.) 

(Sub-famUy  Melinw.) 
Mephitis  mephitica^  var.  occidentalism  Bd.,  (California  skunk :) 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

SknU. 

Skin. 

28 
45 
55 

12409 
12410 

11095 
11096 

i 

Aug.  13, 1872 
Sept.  8,1872 
June  5,1872 

Lower  Geyser  Basin,  Wye 
Shoshone  Lake,  Wyo. 
Ogden,  Utah. 

Hah. — High  central  plains  to  the  Pacific. 
Mephitis  hicoloTj  Gray,  (little  striped  skunk:) 


Catiilo«;ue-numl)er. 


No. 


Skull. 


.>/ 


Skill. 


um) 


Sex. 


Date. 


Locality 


June  28, 1S72  •  Marsh  Valley,  Idaho. 


Hah. — Southern  Texas  inul  Galiforuia;  northward  to  Idaho  on  western 
slo[)e  of  llocky  Mountains.    • 

.  Family  7. — UusiD^. 
Ursiis  horribilis,  Ord.,  (grizzly  bear :) 


No. 

Catalogue-number. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

1> 

12307 

9 

July  24,1H72 

IVtou  Canon,  Idaho. 

JJab, — Plains  oi  t\\e  \3vveY  'NV\'5>^civ\\\  V^  Wv'Ji.  Rvse-ky  Mountains,  and 
along  their  base-,  tUeu^e  to  V\\^  ^o^^\  o/i ^^XVvwv^N^vv 
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Uratu  Amgricanvs,  Pallas,  [black  bear:) 

Catologae-n  umber. 

[o.   Soi.  Uftte,  Locality. 

Skull.  £kiti. 


35         layas     J       Aug.   lO.lWa     Rourj's  L»ki-,  ra.ilio. 

Bab. — United  States  generally. 

Order  III. -RODE NT lA. 

Family  9. — Sciurid^. 
Sub-family,  timtriim,  the  true  squirrels. 
Sciurus  kuJsoHiva,  Pallas.,  (red  squirrel :) 


mm 

rj4-22 
124£i 
121:24 
ia4-J5 


Alls.     W,  i^2 

Auij.  v,m-j 

\wg.  20, 167a 
Auk.  30,lt}7a 
Aug.  31,187a 

Sept.  17,  lera 


Huury'n  Liiko,  Iilabu. 
Upper  Geyser  Biisin,  Wyn. 
Lower  Qejaei  Raein,  \Vyii. 
Fort  Ellis,  Uont.- 
LoTvcr  OeyHBr  "BBdin,  Wvo. 
Saake  River,  Wyo. 


Sab. — Labrador  latitude  50°)  to  Miesissippi,  and  iu  the  United  States 
fn>ni  the  Atlautic  to  the  western  slope  of  the  Koeky  Mountains. 
Tamiaa  gvadrivitatlus,  Bicb,  Missouri  striped  squirrel  ■ 


logue-UQuibor. 

Sex. 

Dote. 

Locality. 

Shall. 

Skiu. 

t 

39 

12*44 

wiae 
laiaa 

111.10 

11110 

imt 

11112 
11117 
UIH 
UU'J 

.Tqqb  14. 1872 
Aug.  n.lrt'J 
SuTit.     a,lfl73 
S;pt.    a.lf'T-.' 
S.-1.1.  1:-,,  li^7:i 

Of-iien,  Utah. 

UjipKr  Uujaer  Basin,  Wyo. 

Do. 

D... 

Henil-wittfrs  •>!  the  Mii.liMon.  Wvn. 

rri 

a-in.  H,I^.;J 

Di.. 

Ilab. — Upper  MiKsuuri  to  Kocky  Mountains,  and  ivest  to  the  Caiscad& 
Ritiige;  along  the  Kocky  Mountains  luj  far  south  as  Fort  Stautou,  Xcw 
Mexico. 

Spemuyphibtx  grammurm.  Bach.,  (liue-tailed  squirrel ;) 


■Vo 

logoe-unmlior. 

Sen. 

Date. 

Lwiililj-. 

Skull. 

Skin. 

2 
3 
4 

13445 
ia446 
19447 
ia449 

IIWI 
IIKB 
HIS) 
11135 

S 
SI 

.(niic  15,  Irna    Ociluii.  Utiili. 
June  1.->,1«T2              llo. 
JuiiB  U.lrGi            U... 
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Hab. — Head  of  Arkansas  River;  along  the  Rocky  Moautains  to  So- 
nora;  northward  to  Idaho  Territory. 

Spermophilm  lateralis^  Rich,  (Say's  striped  squirrel :) 


No. 

Smithfiouiau  cata- 
logue-number. 

Sex. 

1 

Date.         '                          Locality. 

Skull.     '     Skin. 

2:> 

12417 

11103 

Aug.  10, 1872    Henry's  Lake,  Idaho. 

Hah, — Rockv  Moiuitaius  to  Cascades,  and  between  about  latitude  o*S^ 
26'  to  latitude  420.  , 

Spermophilus  mollis^  Kennicott: 


No. 


StiiitliHonian  cata- 
lo;»ue-number. 


Skull. 


()         12448 


Skiu. 
Ili:i4 


Sex. 


Diite. 


Locality. 


<y     i  July     3, 1872    Ross  Fork,  Idaho. 


Uab, — Rocky  Mountain  region. 

Spermophilm  townsendiij  Bach.,  (  Townsend's  spermophile :) 


No. 


Smitbsouian  cata-    j 
loguo-nunibcr.        |  ^ 


Date. 


Lwality. 


Skull,     i      Skiu. 


U;  12418 

18  12431 

1J>  12432 

24  12419 


11104 
11115 

line 

11105 

S 
(? 

July  29,1872 

Aug.     1, 1872 

'■■  Aug.     1,  1872 

1  Aug.    9, 1872 

T<5ton  Cafiou,  Idaho. 

Do. 

Do. 
Henry's  Lake.  Idaho. 

Uab, — Rocky  Mountains,  to  the  north. 

A  rciomysffaci  renter,  Bach  man,  (yellow-footed  marmot:) 


Bak — Black  liiWs,  '^^XiY^^V^t. 


No. 

Sniithsoniau  cata- 
logue-number. 

Sex. 

1 

Date.                                    Locality. 

Skull. 

Skiu. 

'20 

1240<5 
12407 
12753 
12754 

9 

1 

Aug.    4, 1872  1  Tdton  Basin,  Idaho. 
Aug.     7, 1872  1  North  Fork,  Idaho. 
July  27, 1872  •  Near  Fort  EUis,  Mont. 
July  27, 1872  1            Do. 

>>•) 

:>8 

59 

11197 
11198 
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(Sub-family  CastoritUB.) 
Castor  canadensis^  Euhl,  (American  beaver:) 
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Catalogue- 
number. 

Sex. 

Date. 

Locality. 

Skull. 

; 

1 

12404 

9 

July  22,1872 
July  22,1872 
July  24,lb72 

T6ton  Basiu,  Idaho. 
Do. 

12403 

T6tou  (/a&oQ,  Idaho. 

Uab, — Throughout  the  eutiro  area  of  North  America. 

Family  10. — S  ACCOM  yidje. 

(Sub-family  Oeomyinae,) 
Thonwmys fulvuSj  (mountain  pocket  rat:) 


• 

SmithsoDian  cata- 
logue-Dumber. 

Sex. 

Date. 

Locality. 

Sknll. 

Skin. 

f 

I 

12120 
12433 

11106 
11 120 

9 

July  30,1872 
July     8, 1872 

T^ton  Ca&on,  Idaho. 
Fort  Ellis,  MoDt. 

Hab. — San  Francisco  31ountains,  Few  Mexico,  to  Fort  Yuma  and  San 
ego,  northward  in  Hocky  Mountains  to  Montana. 

Family  11.— MuRiD^. 

( Sub-family  I>ipodina\) 
Jaculus  hudsoniuSj  (jumping  mouse :) 


•. 

Smithsonian  cata- 
logue-nunrber. 

Sex. 

Date. 

Locality. 

Skin. 

> 

• 

3 

11120 
11125 

9 

Aug.  31, 1872 
July  14,1872 

Upper  Madison  CaQon,  Wyo. 
Fort  Ellis,  Mont. 

Hab. — ^Nova  Scotia,  ( Labrador,  Pennant,)  to  Southern  Pennsylvania, 
id  west  to  the  Pacitic  Ocean. 

(Sub-family  Murinw.) 
Mus  musculuSj  Linn.,  (common  mouse :) 


K 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

) 

11199 

Mont. 

Hab. — ^North  America  generally. 
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Hesperomya  leticopiMj  var.  sonoriensis,  Lee. : 


No. 

Catalogue- 
uumber. 

Sex. 

Date. 

Locality. 

42 

41) 
61 
62 

11121 
11122 
11200 
11201 

^ 
(? 
<? 

Sept.    3,1872 
Sept.  16, 1872 

,1«72 

,1872 

Lower  Geyser  BasiD,  Wyo. 
Suake  River,  Wyo. 
Moot. 
Do. 

Hab. — Upper  Missouri  and  Boeky  MoautaiDS  to  El  Paso  auil  8ouora. 

(Sab-family  Arvi^olince.) 
Arvicola  ripariay  Ord.,  (bank  mouse :) 


Sab. — United  IStates  to  Itocky  Mountains. 

Family  12. — Hystricidje.  * 
Erethizon  epixanthuSy  Brandt,  (yellow- haired  porcupine:) 


No. 

Catalogne- 
uumber. 

Sex. 

Date. 

Locality. 

33 
36 

11123 
11124 

^ 

Aug.  30,1872 
July  10,1872 

Lower  Geyser  Basin ,  Wyo.             "^ 
Fort  Ellis,  Mont. 

No. 

Cataloguo- 
n  umber. 

Sex. 

Date. 

Locality. 

Skull. 

2G 

124()r» 

9 

1 

'  Aug.  10, 1872 

Heury's  Lake,  Idaho. 

Hub, — Upper  Missouri;  whole  Pacific  coast. 


Family  13. — Leporid.k. 
Lepus  callotis,  (?)  Wajjler,  (^jackass  or  mule  rabbit :, 


No. 


Catalo«;ue- 
nuinber. 

Skull. 


Sex. 


5  '  124;M) 


Locality 


Juue  21,1S72     Oj^acn,  Trah. 


Hnb. — Northern  Mexico,  throut^li  Southern  Texas,  and  west  through 
isow  Mexico  to  the  Rocky  Mountains,  north  to  the  Yellowstone ;  Fort 
Boise,  Oregon,  (\)  8ov\V\\ev\\^vi\\vivv\.V^^ 
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Lepua  bairdii,  Hayden,  (Baird's  rabbit :) 


SmithBot 
leguo-i. 

umbel-. 

S«T 

Date. 

Locality. 

Sknll. 

SkiD. 

44 
40 

47 

M 

12411 
la412 
12413 

12414 
12415 

11037 
11098 
11099 
11100 

inoi 

3 
3 

Aug.  29, 1B72 
Sept.    7,1872 
Sept.  11, 1872 
Sept.  15, 187« 
Sept.  17, 1S72 

Lower  Geyaer  Biwin,  Wyo. 
Sboshone  Lahfi,  Wyo. 
Lewis  Lake,  Wyo. 
Snake  River,  Wyo. 
Hurt  Lake,  Wyo. 

Hc^. — Pine  regions  aboat  the  head-waters  of  the  Wiod  and  Yellow- 
stone Rivers. 

I  was  fortnoate  enough  to  secure  five  speciiueiis  of  this  rare  and  re- 
markable rabbit.    Heretofore  bat  one  specimen  of  this  species  bos  been 

Fi£-  57- 


brought  before  the  scientific  world,  and  it  (No.  4203)  is  now  on  exbibi- 
liou  in  theamitheonian  Institotion.  it  was  collected  in  the  Wind  Kiver 
Mountains  by  Dr.  Harden  in  the  month  of  June,  ISfiO,  -an^  was  described 
by  him  in  the  Ainericiin  Natiindiat,  (vol.  lii,  No.  3,  May,  1S69.)  Un- 
fortunately the  st'x  of  this  8|)ecimen  was  not  deteruiiiicd- 

One  very  curious  fact  relating  to  X«pji»  bairdii\»  that  all  tlie  mal<i.ft 
have  teats  and  take  part  in  suckling  the  younR.    \  ftsi."s  fiU  X\\^  \av\«f*x 
because  four  out  of  the  five  speciuienB  protUTevi  wct6  aivA'^.  \a^«ft^'»»*- 
ali  b!ul  large  teats  full  of  milk,  and  tbe  bait  atouoA  Vie  \\\'^v"W'  '«**'  '^^^ 
aad  stack  to  it,  abowiag  that  they  ■were  tXien  umsvias  ^^^'^■'f  -^oxm-^- 
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As  we  foimd  no  females,  we  thought  this  might  be  an  hermaphroditic 
form  ;  so  Dr.  Josiah  Curtis  and  myself  dissected  a  large  male — No.  44, 
(12411^,  11098) — which  we  found  to  contain  the  usual  genital  organs  of 
the  male,  but  no  uterus,  ovaries,  or  other  female  organs.  I  dissected 
another  old  male — No.  46,  (12413, 11099) — with  the  same  result.  I  re- 
gret excee<lingly  that  I  was  unable  to  procure  a  female  spe<nmen;  but, 
jrom  the  limited  number  of  specimens  examined,  I  should  infer  that 
both  sexes  take  part  in  suckling  their  young. 

I  publish  the  following  letter  from  Dr.  Curtis,  verifying  the  above 
statements: 

Washington,  D.  C,  February  20, 1873. 

Dear  Sir:  Whon  apon  that  part  of  our  explorations  laat  summer  which  embraced 
the  rcj^iou  about  the  heod-watero  of  the  Suake  River,  I  saw  several  specimens  of  the 
rabbit  {Lepusbairdii,  Uayden)  which  you  had  secured,  and  tlie  adults  gave  external 
signs  of  having  been  suckled,  but  gave  every  other  evideuee  of  being  true  males. 

To  satisfy  yon,  as  well  as  myself  beyond  a  doubt  apon  this  point,  I  very  carefiilly 
dissected  one  unmistakably-marked  specimen,  and  found  conclusive  evidence  of  its 
^having  been  recently  and  for  some  time  suckled.  Milk  was  abundant  in  its  udders. 
It,  hovrever,  possessed  no  other  organs  characteristic  of  the  female  sex,  but  it  did  have 
all  the  male  organs  complete  and  well  developed. 
Yours,  respectfully, 

JOSIAH  CURTIS. 
Naiuraliat  United  States  Geological  Surrejf. 
Mr.  C.  Hart  Merriam. 


Lagomya  princepsj  Bich,  (little  chief  hare :) 


i    Smithsonian  cata- 
logue-number. 
No. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

1 
10  1       12430 

i 

11114 

— 

July  24, 1872 

T^ton  Cafion,  Idaho. 

Jlab, — South' Pass  of  Eocky  Moautains,  northward. 


Order  TI.— RUJUIIVAIVTIA. 


Family  16. — Ceevid^. 
(Sub-family  Cervince.)  ' 
Alee  americanus^  Jardine,  (American  moose:) 


No. 


13 
14 
15 


Catiilogiie- 
number. 


Skull. 


12399 
12400 


Sex. 


Date. 


9  ad. 
$juv. 


July  26, 1«72 
July  26, 1872 
July  26, 1872 


Locality. 


Teton  Cafion,  Idaho. 
Do. 
Do. 


Hah, — Northern  portioixa  oi  \\\^  "B^^tAYw  United  States  to  Labrador, 
whence  it  extends  v?e»t  to  i\i^Pa«\^c.^<ifevi\i* 
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Family  17. — Cavicoenia. 

(Sub-family  AntilopiiKV.) 
Antilocapra  americana,  Ord,  (proug-hora  antelope :) 
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No. 

Catalogue- 
number. 

Sex. 

Dato. 

Locality. 

Skull. 

21 
53 

12402 
12401 

Juv. 

Aug.    5, 1872 
Oct.     4, 1872 

Middle  Fork,  Idaho. 
CaQon  Creek,  Idaho. 

Rab. — Plains  west  of  Missouri,  from  the  Lower  Rio  Grande  to  the 
Saskatchewan,  and  west  to  the  Cascade  and  Coast  Ranges  of  the  Pacitic 
slope. 

Order  IX.— CHEIBOPTEBA,  THE  BATS. 

Family. — ^Vespeetilionid^. 
Nycticejus  crepusculariSj  Allen. 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

1 

11127 

— 

Aug.  31,1872 

Lower  Geyser  Basin,  Wyo. 

Sab. — United  States,  from  Atlantic  to  Pacific. 
Vegpertilio  lucifuguSj  Leconte,  (the  blunt-nosed  bat :) 


No. 

Catalogue- 
numli^r. 

Sex. 

Date. 

Locality. 

2 

11128 

^ 

Aug.  31,1872 

Lower  Geyser  Basin,  Wyo. 

Hab. — North  America  generally. 


Vespertilio  yumanensis^  Allen,  (the  Oila  bat :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

3 

11129 

^ 

July  25,1872 

Hot  Springs,  Montana. 

Hdb. — Eastern  slope  of  Bocky  Mountains  to  Pivciflc  coast. 
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BIRDS. 
Sub-class  l.~INSESSOBE8,  PEBCHINO  BIRDS. 

Order  1.— PASSERES,  PASSERINE  BIRDS. 

(Section  OSCINES,  SINGERS.) 
Family  1. — Tubdid-s:,  the  Thrushes. 
Tardus  fPlanesticusJ  migrcUoriuSj  LioD.,  (commou  robin :) 


No. 

Catalogne- 
Dumber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

102 
200 
255 
274 

61650 
62275 
62276 
62277 

9 
9 

Jane  18, 1872 
July  30,1872 
Sept.    6,1872 
Sept.  16, 18;2 

10iXl5J 
9|Xl6i 
9ixl5| 

10|xl6f 

Offden,  Utah. 
Teton  CaQon,  Idaho. 
Soarce  of  the  Madison. 
Snake  River,  Wyo. 

Hab. — Continent  of  North  Amerioa  to  Mexico. 

We  fouud  a  tiock  of  about  thirty  robins  near  the  bead-waters  of  the 
Madison  Ei ver,  Wyoaiing  Territory,  on  the  6th  of  September.  The  snow 
Avas  about  an  inch  in  depth,  and  the  liock^-oue  of  which  I  shot  (Na 
255) — seemed  to  be  moving  southward.  They  were  quite  abundant  on 
Snake  River  during  the  latter  part  of  September.  At  all  other  places 
on  our  route  robins  were  seldom  met  with. 

Galeoscoptes  carolitiensisj  Linn.,  (cat-bird :) 


XT  ^     Catalogne- 
""  '*■  _  miuiber. 

Sox. 

Date. 

Measure- 
ments. 

Locality. 

vj         ^^my^ 

<? 

Jnue  18, 1872 

8|X11 

Ogdeu,  Utah. 

Hah» — Eastern  United  States  to  Salt  Lake  Valley  and  Washington 
Territory.  I  was  surprised  to  find  cat-birds  as  common  in  the  Salt 
Lake  Valley  as  the^  are  in  all  our  Eastern  States.  At  Ogdeu  I  found 
cue  of  their  nests — No.  52,  (1G310);  it  was  on  a  bush  in  a  marsh,  about 
four  feet  above  the  grouud,  and  contained  five  fresh  eggs. 

OreoscopieM  montuntis,  Baird,  (mountain  mocking-bird:) 


No. 

Catalogue-     c^,^ 
number. 

Date. 

Measure- 
ment^i. 

Locality. ' 

41 
42 

01051 
61052 

3 

i 

June  11,1872 
Juno  11, 1872 

9     Xl2i 

Salt  Lake,  Utah. 
Do. 

Hab. — Rocky  Mountains ;  south  to  Mexico,  and  along  valley  of  Gila 
and  Colorado,  and  to  San  Diego,  California. 

This  i)lain  colored  son^^t^t  \&  c^vxvti^  numerous  about  Salt  Lake,  where 
we  found  them  breediiig*,  ^'^  ^^^  ^wv\v^\JoL<«vxi\\st\>cv^s^ 
and  in  the  Teton  Bas^\u.  IIlowuOlVUtl^^V— '^^.^l^  V>5^i:^^^-~\SJ^\:^^^^^^^ 
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of  Salt  Lake ;  it  was  placed  at  the  foot  of  a  sage-brush ;  was  built  of 
dticks,  lined  with  tibrous  roots ;  it  was  nausualiy  large  for  the  size  ot* 
the  bird,  (measuring  over  eight  inches  in  diameter,)  and  contained  lour 
fresh  eggs. 

Family  2. — CiNCLiD^,  THE  Dippers. 
Cinclus  mexicanusj  Swains.,  (water-ouzel :) 


No. 

Catalogue- 
uumber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

307 
308 

62341 
62342 

9 

July  14, 1872 
July  14, 1872 

7f  Xl2i 
7/jXlOJ 

Mystic  Lake,  Mont. 
Do. 

Hah. — Rocky  Mountiiins  from  British  America  to  Mexico. 

The  American  dipper,  or  water-ouzel,  is  a  rare  bird  in  the  district 
through  which  we  passed,  being  met  with  only  at  Ogden  Canon,  Mystic 
Liike,  and  in  a  little  canon  east  of  theT^tou  Eange,  near  Jackson's  Lake. 
It  is  truly  a  wonderful  bird,  being  able  not  only  to  walk,  but  also  to  fly, 
into  the  water.    During  the  latter  part  of  September,  when  the  snow  was 
about  an  inch  deep  and  was  still  falling,  I  took  my  gun  and  entered  one 
of  the  caiions  a  few  miles  north  of  Jackson's  Lake,  in  the  hope  of  meet- 
ing some  rare  birds.    1  had  not  gone  far,  wheti,  to  my  great  delight,  I 
saw  a  pair  of  water-ouzels  on  a  rock  in  the  middle  of  a  rapid  stream 
which  flowed  out  of  the  canon.    To  my  great  surprise  one  of  these  birds 
dove  directly  into  the  rapids,  and  in  a  few  moments  returned  with  a 
worm  in  its  mouth.    I  shot  one  of  the  birds,  which,  to  my  great  chagrin, 
fell  into  the  water  and  was  carried  under  by  the  current,  and  I  was  un- 
able to  secure  it. 

[The  nest  of  the  water-ouzel  {Cinclus  mexicanus)  was  discovered  by 
our  artist,  Mr.  W.  H.  Holmes,  about  half  a  mile  from  Mystic  Lake, 
Montana  Territory,  while  he  was  sketching  a  beautiful  little  fall  made 
by  one  of  the  mountain  streams.  The  bird  was  observed  to  fly  directly 
through  the  falling  water,  disappearing  from  view.  Suspecting  that  a 
nest  must  be  there,  we  returned  the  following  day,  when,  with  the  assist- 
ance of  Mr.  Holmes,  I  secured  the  nest,  containing  three  young,  and 
shortly  after  shot  both  the  old  birds.  The  nest  was  made  of  moss, 
inea8aring  nearly  a  foot  in  diameter  and  six  inches  in  depth.  It  was 
built  upon  the  edge  of  a  narrow  shelf  of  rock,  and  so  near  the  fall  that 
the  outside  was  constantly  wet  with  spray,  while  the  interior  was  dry 
and  warm.  The  birds  entered  it  by  a  small  lateral  opening  in  the  lower 
half  of  the  nest,  the  top  being  built  up  against  a  projecting  rock. — W. 
B.  Platt.] 

Family  3. — Saxicolidje,  the  Saxicolas. 
Sialia  arctica^  Sw.,  (Rocky  Mountain  blue-bird:) 


No. 

Catalogue- 
number. 

Sex  and 
age. 

Date. 

Measure- 

nient8. 

Locality. 

214 
24S 

ill 

U 
0 

Aug.    4,1872 
Aug.  28, 1872 
Aug.  28, 1872 

7Axl3i 
Of  Xll* 
6f  Xl2i 

Middle  Fork,  Idaho. 
Lower  Gejser  Basiu,  Wyo. 
Do. 

Hab^'^^Xgh  dry  central  plains;  Upper  Missouri  to  Eocky  Mountain 
Rduge  aud  south  to  Mexico.    Kai-c  on  the  coast  of  California. 
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The  Eocky  Mountain  blue-bird  seems  to  prefer  a  country  which  has 
been  burnt  over,  and  is  covered  with  stumps  and  fallen  timber.  It  is 
not  a  common  species  in  the  district  through  which  we  passed. 

Family  4.— SylvtBuE,  the  Warblers.  • 
Regulus  calendula^  Licht.,  (ruby -crowned  kinglet:) 


No. 

Catalogue- 
number. 

Sexuud 
a^e. 

Date. 

Measure- 
meuts. 

Locality. 

231 
2G7 

62333 
62334 

• 

0 

Aug.  20, 1872 
Sept.  14, 1872 

4iX7i 

4fX7-fe 

Ij«wer  Geyuer  Basiu,  Wyo. 
Snake  River,  Wyo. 

Hah, — North  America  ft*om  Atlantic  to  Pacific. 

This  pretty  little  bird  is  probably  abundant  in  early  spring  and  in 
October,  although  I  saw  but  two  of  them  during  the  summer.  It  is 
evident  that  they  breed  in  the  Yellowstone  country,  from  the  fact  that  I 
obtained  a  young  one — No.  231,  (G2333) — there  on  the  20tU  of  August. 

Family  5. — Parid-s:. 

(Sub-family  Parince^  the  Titniice.) 
Parus  montanusj  Gambel.,  (mountain  titmouse:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measare- 
ment-8. 

Locality. 

211 
212 

250 
279 

62:^49 
62350 
G2351 
G2352 

(? 
^ 
^ 

i 

July  31, 1872 
July  31, 1872 
Sept.  7,1872 
Sept.l8, 1872 

5f  X8| 

5i^X8| 
H  X8i 
5f  X9 

T^ton  Canon,  Idaho. 

Do. 
Shoshone  Lake,  Wyo. 
Snake  River,  Wyo. 

Hal), — Pacific  coast  of  United  SUites  to  Rocky  Mouutaius. 

Teton  Gailou  was  the  lirst  place  where  we  observed  this  species, 
probably  because  it  was  the  first  place  on  our  route  where  we  found 
coniferous  trees. 

The  mountain  chickadee  is  an  abundant  species  in  the  Fire-Hole  Ba- 
sin, and  also  from  the  source  of  Snake  River  to  where  it  leaves  the 
wooded  mountain  sides  and  flows  through  an  open  plain.  This  biinl, 
like  our  '^  chickadee,'^  (P.  atricapilltis,)  is  verj'  tame,  and  evidently  likes 
the  company  of  man,  as  they  flit  about  from  limb  to  limb  in  search  of 
their  food  within  a  few  feet  of  you,  without  even  looking  up,  or  showing,' 
any  signs  of  fear  or  even  surprise  at  your  presence.  This  species  may 
easily  be  distinguished  from  our  eastern  P.  atricapillus  by  the  white 
front  and  the  white  line  over  the  eye,  cutting  off  a  black  one  through  it 

(Sub-family  Sittinw,  the  Nuthatches.) 
Sitta  avuleataj  Cassin,  (slender-billed  nuthatch.) 


^•o- 1  ^ntlur-    ««- 


240 


6229T 


Date. 


Measure- 
iiieuts. 


Locality 


$     \  Aug.  '11 ,  \^4^\   ^  X  W   \ \^^^«t  Cit«^^\  «>i8»lii,  Wyo. 


Jjaft.— Pacific  coaat  o^  \5\ivU0L«iX.^\.e^\»^S^>^^  \Vw«x\a;\\x^ 
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This  may  be  considered  as  a  rare  bird  in  the  tract  of  country  through 
which  we  passed,  as  I  saw  but  one  specimen,  which  I  shot — ^No.  240, 

(62207.) 

Family  7.— Troglodytidjb,  the  Wrens. 
(Sub-family  Campylorhynchinae.) 
Salpinctes  obsoletusj  Cab.-,  (rock-wren.) 


1^    1  Catalo&^ue- 
^«]    number. 

Sex. 

Date. 

Measnre- 
-ments. 

Locality. 

64            616654 

S 

Jane  14, 1872 

6ix9 

Ogden,  Utah. 

Hab. — High  central  plains  through  the  Rocky  Mountains  to  the  Coast 
and  Cascade  Eanges,  (but  not  on  the  Pacific  coast  f ) 

This  bird  is  very  properly  called  the  "  rock-wren,"  for  high  up  the 
mountain  sides  and  among  the  rocks  it  lives,  lays  its  eggs,  and  teaches 
its  young  the  use  of  their  tiny  wings.  They  are  noisy  creatures,  and  seem 
to  take  great  pleasure  in  darting  from  rock  to  rock,  keeping  generallj' 
our  of  sight. 

I  shot  the  first  of  this  species  that  I  saw  on  one  of  the  rocky  spurs  of 
the  Wahsatch  Range,  near  Ogden — No.  64,  (61654.)  They  were  quite 
abundant  on  the  rocky  hills  near  the  Hot  Sulphur  Springs,  ten  miles 
north  of  Ogden. 

(Sub-family  Troglodytince,) 

ChMhorus  paluatris,  Cab.,  (long-billed  marsh-wren.) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

• 

Measure- 
ments. 

Locality. 

302 

62327 

^ 

Oct.  14, 1872 

5ix7 

Fort  Hall,  Idaho. 

Hab, — North  America  from  Atlantic  to  Pacific,  north  to  Greenland. 

Fort  Hall  is  the  only  place  where  I  found  the  long-billed  marsh-wren. 
I  saw  several  of  them  there,  but  succeeded  only  in  obtaining  one  speci- 
men— ^No.  302,  (62327.)  This  bird,  though  not  gay  in  colors,  is  a  sweet 
songster. 

Troglodytes  parlcmanniy  And.,  (Parkman's  wren  :) 


No. 

Catalogue- 
number. 

Sex. 
9 

Date. 

Measure- 
ments. 

Locality. 

172 

30(3 

62:328 
62329 

JnW   18,1872 
July     9, 1872 

4ix6i 
4ix6i 

North  Fork,  Idaho. 
Fort  Ellis,  Mont. 

ffah. — Western  America,  from  the  high  central  plains  and  Upper  Mis- 
souri to  the  Pacific. 

This  little  bird,  very  similar  to  our  house-wxen,  [T.  «dou^  n;^'©>  <^>Xr 
common  at  North  or  Heary^a  Fork  of  Suake  "RVver,  ^\OL^\e'^o^rV..^^viX^ 
Oailon,  and  Fort  Ellia.    I  found  its  nest,  ou  ttxe  ^OtVi  o^  ;Sw\^  ^  ^^  ^VvC^oNsi 
43  a  8 
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Fork ;  it  was  in  the  hollow  of  a  small  tree  that  had  broken  off  aboat 
ten  feet  high  and  still  rested  against  its  stnmp.  The  nest  contained  five 
yoang  birds,  and  was  composed  of  small  sticks  laid  loosely  together. 
The  parent-birds  were  greatly  incensed  at  my  approach,  and  darted  about 
my  head  in  an  angry  manner. 

Family  8. — MoTACiLLiD^,  the  Wagtails. 
Anthm  ludovieinuSy  Licht.,  (titlark :) 


No. 

Catalogue- 
number. 

62298 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

281 

^ 

Sept.  21, 1872 

Six  lOi 

Snake  River,  Wyo. 

Hah. — North  America  generally;  Greenland,  (Beinhardt.)  Accidental 
in  Europe. 

We  met  with  this  bird  only  on  Snake  Eiver  and  in  the  vicinity  of 
Jackson's  Lake ;  there  we  found  a  few  Hocks  of  from  ten  to  fifty. 


Family  9.— Sylvicolid^,  the  Wood-Waeblees. 
Geothlypis  trichasy  Cab.,  (Maryland  yellow-throat :) 


No. 

Catulogue- 
uumber. 

Sex. 

Date. 

Measure- 
ments. 

No.ofnest 
and  eggs. 

Locality. 

83 

61661 
62344 

9 

June  17, 1872 
July     9, 1872 
July   11,1872 

5f  X7 
3f  X7 
4*  X7 

44 

Ogden,  Utah. 
Fort  Ellis,  Mont. 

MO 

Do. 

Hah. — North  America,  from  Atlantic  to  Pacific. 

This  little  warbler  is  quite  abundant  at  Ogden,  Utah,  and  also  on  the 
^ladison  Eiver,  and  at  Fort  Ellis,  Montana  Territory ;  I  saw  none  else- 
where. I  obtained  the  nest  of  this  bird  at  Ogden — No.  44,  (10308)  9  ; 
No.  83,  (GlOOl,)  shot.  It  was  found  in  a  clump  of  bushes  in  a  marsh, 
about  six  iuclies  above  the  ground,  and  was  composed  of  dried  gms^j 
and  rushes;  it  contained  four  fresh  eggs. 

Icterin  longicauda,  Lawr.,  (long-tailed  chat :) 


No. 


Catalogiie- 
uuiiibor. 


Sex. 


Date. 


liO 

G165H 

9 

;i7 

riir,5r» 

(T 

14 

()i(5r)5 

(T 

U'.i 

Gl(>59 

9 

I'Ji) 

r)1794 

S 

M) 

61G57 

c? 

,  June  7, 1872 
1  Juuo  9,  ld72 
IJuno  ll,ld72 
'  June  20,  1h72 
June  28,  l!?72 
Juue    8, 1872 


Measure- 
ments. 


Locality. 


8    X  10/^ 
7}X  10 

7!t  X  m 
7i  X  m 


Ogdon,  Utah. 

Do. 

Do. 

Do. 
Devil's  Creek,  Idaho. 
Ogden,  Utah. 


Hub. — Higb  centrvil  pVauvA  of  the  United  States  to  the  Pacific ;  south 

into  Mexico. 
TJie  long-tailed  clial  Vfe  a  cowivaow\3>vt^\\\  "Cnx^^  ^^\\iN:i-«^\svi.^^'^^'<sifc 
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foot  of  the  Wabsatch  Range,  near  Ogden.  It  is  a  peculiar  bird,  and  like 
oar  eastern  8i)ecies,  {Icteria  t^ireTW,)  is' always  beard,  but  seldom  seen. 
Tbey  are  sby,  suspicious  creatures,  and  altbougb,  when  disturbed,  they 
flit  about  in  a  scolding,  angry  manner,  tbey  generally  manage  to  keep 
out  of  sight.  You  bear  them  in  the  bushes,  imitating  the  mewing  of  a 
cat,  the  shrill  notes  of  the  jay,  sometimes  singing  like  a  cat-bird,  and 
yet,  again,  they  sing  sweetly  in  their  own  peculiar  manner.  They  have 
a  strange  habit  of  elevating  themselves  in  the  air  to  the  height  of  thirty 
or  forty  feet,  then,  poising  themselves  for  a  moment,  they  descend  again 
to  the  bushes ;  during  their  descent  they  jerk  themselves  about  in  the 
air,  at  the  same  time  uttering  clear,  ejaculated  notes,  which  can  be  heard 
for  quite  a  distance,  and  are  not  altogether  unpleasant  to  the  ear.  I 
found  the  nest  of  this  bird  on  the  15th  of  June ;  it  was  on  a  scrub-oak 
near  a  small  stream ;  was  about  four  feet  above  the  ground,  and  con- 
tained three  young  birds  and  one  egg.  The  egg  resembled,  in  size  and 
color,  that  of  our  eastern  species,  (J.  virens.) 

Dendroica  audtiboniiy  Baird,  (Audubon's  warbler:) 


No. 

Catalogao- 
Dumber. 

Sex. 

Date. 

'    Measure- 
ments. 

Locality. 

258 

62345 

^ 

Sept.    7,1872 
Sept.  15, 1872 

5t  X9| 
5ix9 

Shoshone  Lake^  Wyo. 
Snake  River,  Wyo. 

Hob. — Pacific  coast  of  United  States  to  central  Rocky  Mountains, 
south  to  Mexico. 

Audubon's  warbler,  though  similar  in  most  respects  to  our  eastern  yel- 
low-rump warbler,  (1).  coronataj  is  easily  distinguished  from  it  by  hav- 
ing the  chin  and  throat  yellow  instead  of  white.  During  the  latter  part 
of  September  I  saw  several  flocks  of  these  birds  on  Snake  River ;  they 
appeared  to  be  on  their  way  south. 

Dendroica  ccstiva,  Baird,  (yellow  warbler :) 


No. 

Cat^logne- 
numbur. 

• 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest 
and  eggs. 

Locality. 

36 

61660 

Juno  8,1872 

5f  X7f 

24 

Ogden,  Utah. 

Hab. — United  States  from  Atlantic  to  Pacific  ^  south  to  Guatemala 
and  West  Indies. 

Yellow  warblers  were  copamon  at  Ogden,  as  they  were  at  all  places 
where  there  was  a  stream  of  water  whose  bank«  were  lined  with  bushes. 
I  found  the  nest  of  this  bird  at  Ogden — No.  24,  (16294 ;)  it  was  on  a  wil- 
low, about  three  feet  above  the  ground,  and  contained  four  fresh  eggs. 

* 

Myiodioctes  pusilltcSy  Bonap.,  (green  black-cap  warbler :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure 
ments. 

Locality. 

227 
286 

62347 
62346 

^ 
^ 

Aug.  13,1872 
Sept.  26, 1872 

4f  X7i 
5iX7i 

Lower  Gevser  Basin. 
Second  Teton  Lake. 

Hob, — ^United  States  from  Atlantic  to  Pacific ;  south  to  Guatemala. 
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We  met  with  this  beautiful  watbler  but  twice  during  the  summer. 
On  the  first  occasion  we  were  just  entering  the  Lower  Geyser  Basin, 
when  I  observed  a  pair  of  these  little  birds  in  a  grove  of  small  pine 
trees ;  they  were  hopping  about  on  the  ground,  and  upon  my  approach 
flew  up  into  a  tree,  out  of  which  I  shot  the  male — No.  227,  (62347.) 

The  second  and  last  time  that  I  saw  this  species  was  at  the  Second 
Teton  Lake,  where  I  saw  a  male  high  up  in  a  pine  tree.  I  secured  him 
also. 


Family  10. — Hirundinid^,  the  Swallows. 


Hirundo  horreorum,  Barton,  (barn-swallow:) 


^    I  Catalogue- 
* ;     number. 


244  62295 

247  62296 


Sex. 


0 


Date. 


Aug.  28,  1872 
Aug.  28,  1872 


Measure- 
-  meats. 


7    Xl2f 
5f  XlU 


Locality. 


Lower  Geyser  Basin. 
Do. 


Sab. — North  America,  from  Atlantic  to  Pacific. 

Barn-swallows  are  common  at  most  places  between  Fort  Hall,  Idalio, 
and  Ogden,  Utah.  They  are  also  numerous  at  Fire-Hole  Basin,  Wyo- 
ming Territory-,  where  I  obtained  two  specimens — No.  244,  (62295,)  and 
No.  247,  (62296.) 

Petrochelidan  lunifronsj  Say,  (cliff- swallow :) 


1.^    '  Cataloj^ue- 
iminbor. 

Sex. 

Dat^. 

Measure-    ,                       I  oralitv 

J  47  •          (51774 

9 

July  3,  1872 

C  X  12^ 

Ross  Fork,  Idaho. 

Hah, — North  America,  from  Atlantic  to  Pacific. 

This  is  another  coinnion  sptvies  of  swallow.  We  found  them  very 
plentiful  in  the  vicinity  of  Great  Salt  Lake;  thence  north  to  Fort  Ilali. 
where  they  were  also  abundant.  1  obtained  the  nest  of  this  species — 
No.  58,  (l(i312,)— 9,  No.  147,  shot  at  Koss  Fork,  Idaho  Territory,  on  the 
3d  of  July.  It  was  comiiosed  of  nnid,  and  was  fastened  to  the  bank  of 
the  ereek,  and  about  eight  feet  above  the  water.  The  nest  contained 
two  fresh  eggs. 

Tachycincta  ih^xlassiim^  Sw.,  (violet-green  swallow:) 


No.    Catalo«iu^  !  ^^^ 
<     nuniber. 


Date. 


i»t> 


6i()a"i 


Measurc- 
meuts. 


Locality. 


^       June  18,  1872  j   5^  X  IS^-  ;  ')40en,  Utah. 


JJah, — liocky  Mouutam*  to  \*;x^\^q.\  ^^wV\\V^  \\^k\<^o  ;  east  to  Saltillo. 
-Mexico. 
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This  bird,  the  most  beautiful  of  all  the  swallows,  is  quite  common  at 
Ogden  Canon,  where  we  obtained  the  only  specimen  collected — No.  96, 
(61665.)  The  only  other  place  on  our  route  at  which  we  found  this 
si>ecies  was  the  Grand  Canon  of  the  Yellowstone.  There  I  saw  a  few 
of  them,  but  did  not  succeed  in  obtaining  aiiy  specimens. 

Cotyle  Hpariay  Boil.,  (bank-swallow :) 


No. 

Catalofirue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

40 

61664 

9 

June  11,  1872 

Salt  Lake.  Utah. 

Hah. — United  States,  from  Atlantic  to  Pacific;  common  at  Salt  Lake, 
and  from  there  to  Snake  River. 

I  obtained  the  nest  of  the  bank-»wallow  in  a  hole  in  a  sand-bank  by 
the  side  of  Salt  Lake.  It  contained  seven  fresh  eggs — No.  25,  (16295,) 
9 ,  No.  40,  shot. 

Family  13. — Lanitdje,  the  Shrikes. 
Collurio  horealiSj  Baird,  (great  northern  shrike:) 


No. 

Catalogue- 
Dumber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

•J07 

62270 

9 

Oct.  12, 1872 

lOf  X  14f 

Fort  Hall,  Idaho. 

Hah. — Northern  regions,  from  Atlantic  to  Pacific;  in  winter  south, 
through  most  of  the  United  States. 

As  the  shrike  or  butcher-bird  is  confined  to  the  cooler  portions  of 
America,  it  was  met  with  by  our  pjirty  but  once,  and  that  was  in  Oeto- 
bor,  at  Fort  Hall,  Idaho  Territory.  There  I  secured  one  specimen,  No. 
297,  (G2270.) 


Collurio  excuhitoroidesy  Baird,  (white-rumped  shrike :) 


No. 

Catalogue- 
number. 

tiex. 

Darte. 

Measure- 
ments. 

Locality. 

43 
301 

61752 
62271 

9 
0 

June  11,  1872 
Oct.    13,1872 

8J  X  121 
8iXl2i 

Salt  Lake,  Utah. 
Fort  Hall,  Idaho. 

Hal), — Missouri  plains  and  fur  countries  to  Pacific  coast  ]  eastward 
into  Wisconsin,  Illinois,  and  Michigan.  (?) 

Salt  Lake  and  Fort  Hall  Are  the  only  localities  at  which  I  found  the 
white-rumped  shrike.    At  the  former  place,  on  the  11th  of  June,  I  saw 
a  pair  of  tbem,  and  succeeded  in  shooting  the  female— ^o*  ^i^v^W^vl>^ 
It  is  evident,  from  the  lateness  of  the  season,  ftiat  \Xi^^  Xstvyi^^ Vvix^* 
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Family  15. — Tanageid^,  THE  Tanagbes. 
Pyranga  ludoviciana,  Bonap.,  (Louisiana  tauager :] 


Ko. 

Cataloguf 
u  limbec. 

Sei. 

Date. 

Measure- 
ineatjj. 

Locality. 

i 

May  29, 1373 
Juno  ti,  1BT3 

Cbeyenno,  Wyo. 
Ogdcu,  Utah. 

1' 

Gttiti3 

{i227^ 

rf 

Jiily29,lrt7Lj 

Tdtun  CalloD,  Idabo. 

G3AB 

if    • 

July  30, 1872 

Do. 

ansa 

,f 

July  31, 1872 

Do. 

<i'\t 

a*Hi 

<( 

Jnlj  31, 187i) 

7ixUl 

Do. 

WFT 

6J2t» 

Jalv  31, 1872 

Do. 

HIW 

6i2i3 

July  31, 1872 

Do. 

'Mi 

6i-^H 

^ 

July  31, 1872 

Do. 

v.ut 

62*ir> 

Jolv  31, 1«72 

Do. 

Vit, 

&f2ij)> 

s 

Aug.   4,1872 

^\  X  m 

MMdlo  Fork,  I.Ialio. 

^oii.— From  the  Blauk  Hills  to  the  Pacific,;  south  into  Mexico. 

I  fouDtl  ii  fetF  of  these  beautifnl  birds  lit  the  bushes  that  border  Grow 
Creek,  uear  Cheyenne,  and  succeeded  iu  obtaining  one  good  specimen, 
No.  1,  (61662.)  I  also  saw  several  in  the  scrub-oak  bushes  at  the.  foot 
aud  on  the  sides  of  the  Wahsatch  Eauge,  near  Ogden. 

At  T^ton  Caiion,  however,  these  birds  are  quite  abundant,  aud  here  I 
obtained  eight  specimens.  They  were  generally  seen  on  the  tops  of  the  ■ 
pine  trees,  where  the  bright  colors  of  their  plumage  contrasted  beauti- 
fully with  the  dark  green  foliage  of  the  pines.  They  are  secluded  iu 
their  habits,  preleriug  their  own  society  to  that  of  other  birds,  and 
seldom  approaching  the  habitations  of  man. 

Near  Ogden  they  were  shy  and  suspicious,  anrt  it  was  difficult  to  get 
within  gunshot  of  them,  while,  on  the  contrary,  at  Ttston  Caiion,  they 
eyed  us  with  curiosity  oiilj',  not  suspicion,  for  they  would  often  follow 
us  for  some  distance,  lighting  uear  by,  and  never  tryingto  keep  out  oi' 
sight. 


Family  16. — Fkingillidje,  the  Sparuows. 

(Sub-family  Coecothramtina;.) 
C'arpodaem  catsinii,  Baird,  (Cassln's  purple  finch :) 

Loculity. 


Dato.         I    M«f  "/«- 


USWS     ' 


Hab. — Uoeky  Mountains  and  valley  of  the  Colorado, 

These  birds,  the  largest  of  the  American  purple  finches,  are  quitt' 

FBI*.     We  met  with  thorn  but  twice,  once  on  the  i'ellowstone,  aud  once 

uear  Snake  River,  Wj-oming  Territory. 


OEOLOGICAL  SUHVEY  OF  THE  TEHHIT0HIB8. 
ChryBomitris  triitit,  Bonap.,  (yellov  bird :) 


June  ir>.  1873 
Juno  17, 1872 

Oct.  u.iera 

Oct.  11.1873 
Oct.  U.l*i!T3 
Oct.  U,  ie72 


Fort  Hall,  Idabo. 


Hab. — North  America  generally. 

The  yellow  bird,  American  goldfinch,  or  thistle-bird,  ia  common  at 
Ogden  aud  Fort  Hall,  aa  it  is  iu  most  localitien  in  the  United  States.  It 
seems  to  prefer  the  civilized  portion  of  America  to  the  densely -irooded 
districts,  as  we  found  none  in  the  monntains  and  deep  pine  forests. 


Chri/somitrU pima,  Bonap.,  (pine-finch:) 


jf     Catalogue-  g^ 


July  22, 1872 
Jnly  22, 1873 
Aug.  tf,  1(573 


5    X9i 

5iX8i 
4tx8i 


Triton  Baain,  IdaLo. 

Do. 
Henrj'ij  Lake,  Idaho. 


Hab. — North  America,  from  Atlantic  to  Pacific. 

Pine-finches  were  quite  numerous  about  the  First  Cottonwood 
Creek,  Teton  Basin,  where  I  shot  two  stiecimeiis,  Nos.  179  (C2339)  and 
181,  (62340.)    We  also  found  them  in  the  vicinity  of  .Henry's  Lake, 

where  I  obtniDed  one  specimen,  No.  223,  ( .)    Thoy  were  occasionally 

met  with  by  our  party  iu  T^ton  CaTion,  but  I  did  uot  succeed  in  pro- 
curing any  specimens  there. 


(Sub-family  SpixelUtw.) 
Pa$»erculus  alaudinua,  Bonap.,  (lark-sparrow :) 


No. 

Catalngnc- 
□  Dm  Iter. 

Sex. 

I)»t«. 

Measare- 

mento. 

Locality. 

294 

63310 

i 

Oct     6,1872 

HxH 

Snake  River,  Idaho. 

Hab. — Coast  of  California  and  Lower  Bio  Grande  of  Texas  and 
Mexico. 

On  the  8th  of  October  I  observed  the  only  flock  of  these  birds  seen 
doring  onr  journey.  They  settled  down  on  a  small  gravelly  island  iu 
Snake  Biver,  and  I  succeeded  in  securing  a  fine  specimen. 
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Poocaetes  graminenSj  var.  canflniSy  Baird,  (grass-finch:) 


No. 


4 

() 

So 

^1 

151 
152 
242 

257 


Catalogue- 

Sex. 

nuuiber. 

C1674 

61G75 

9 

01676 

9 

61677 

61778 

9 

61777 

^ 

62308 

<r 

62309 

<r 

Date. 


Jnne 
June 
Jaue 
June 
July 
July 
Aug, 


5, 1872 
5, 1872 
8,1872 

17, 1872 
7,1872 
7,1872 

28,  l«72 


Measure- 
ments. 


6iX  lOi 


6f  X 

6    X 
6iX 


10 
10| 

11 


Sept.    7, 1872  !    6i  X  lOi 


No.  of  nest 
and  eggs. 


10 

7 


Locidity. 


Ogden,  Utah. 

Do. 

Do. 
Salt  Lake,  Utah. 
Fort  Hall,  Idaho. 

Do. 
Lower  Gevser  Basin, 

Wyo. 
Shoshone  Lake^Wyo. 


Hnb, — High  central  plains  to  the  Pacific. 

This  bird — a  mere  western  variety  of  our  common  grass-finch  or  bay- 
winged  bunting,  (P.  graminem) — is  a  very  common  species  at  Salt  Lake, 
and  in  fact  it  was  common  all  along  our  route,  except  in  the  densely- 
wooded  regions. 

I  found  several  nests  of  these  birds.  They  were  placed  on  the 
ground — generally  under  a  sage-brush — and  were  composed  of  grass, 
laid  rudely  together.  They  lay  four  or  five  light-colored,  spotted  eggs 
in  the  early  part  of  June. 


Chondestett  grammacaj  Bonap.,  (lark-finch :) 


^,      I  Catalogue-     g 
number. 


'J4 

75 

1J4 
241 


G1C>0H 
01(170 

6ir,7i 

61776 
G2JU7 


9 

9 
3 


Date. 


June  7, 
.June  14, 
June  14, 
Juueir), 
Juno  18, 
June  25, 
An«r.  27, 


1872 
1S72 
1872 
1S72 
lb72 
1872 
1872 


Measure- 
ments. 


014 
*'  1 1) 


X 
X 


10 

lOA 


7t    X  ii-l?- 
7,3,7  X  IH 


01 


X  lOf 


No.  of  nest. 


Locality. 


22 


0)j;tlen,  Utah. 

Do. 

Do. 

Do. 

Do. 
JJear  Kivur,  Utah. 
Lower  Geyser  Ba>in, 
Wyo. 


Hah. — From  Wisconsin  and  the  prairies  of  Illinois  (also  in  Miehi«^au,) 
to  the  Pacific  coast ;  south  to  Texas  and  Mexico. 

This  plain  hut  rich-colored  sparrow  is  quite  abundant  at  Ogden,  and 
I'roin  there  to  Snake  Kivcr.  It  is  also  common  at  Fire-HoU^  Basiu, 
Wyoniin*^-  Territory,  where  I  obtained  one  specimen,  No.  211,  (02:307.)  1 
collectedthc  nest  of  the  lark-finch  on  the  7th  ol'June  at  O^dcu.  It  was 
similar  in  material  and  situation  to  that  of  the  grass-linch  (P.  conjinuf) 
iust  described,  and  contained  live  fresh  eggs. 

As  the  phimage  of  this  bird  is  richer  and  deeper  than  that  of  the 
grasshnch,  so  are  its  eggs  much  more  beautiful,  their  spots  and  iniu-k- 
lugs  being  darker  and  more  distinct. 
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Zoitotrxchia  leucophrya,  Sw.,  (wliite-CEOWDed  sparrow:) 


No. 

Catalogne- 
numlMr. 

Sex. 

Dftte. 

Locality. 

225 
2t(3 

02300 
63301 
112302 

i 

AnR.  12,ier2 
Sept.  12, 1872 
Sept.  23, 1«72 

ejx  10 
7iX  10 
7    X9l 

MadisoD  Riror.  Hunt. 

Lewia'B  Lako.  Wyo. 
SiiakoBiver.Wyo. 

Sab. — United  States  from  Atlantic  to  the  Booky  Monntains,  where 
they  liecome  mixed  up  with  Z.  gambelli  Greenland,  Keiuhardt. 

Madison  River  was  the  first  place  on  our  route  where  we  met  with 
this  finch.  Tliere  they  were  quite  abundant,  as  they  were  at  Lewis's 
Lake,  where  I  obtained  a  fine  specimen  in  winter  plumage.  Here  they 
were  very  shy,  and  it  was  with  great  difflcalty  that  I  secured  a  single 
specimen.  We  also  found  them  in  considerable  numbers  along  Suake 
Elver. 

Zonotricliia  gambeln,  Gambel,  (Gambel's  finch:) 


G|  X6i       Fort  HaU,  Idaho. 


Hab. — Bocky  Mountains  to  the  Pacific  coast. 

We  met  with  a  few  fiocka  of  these  birds  at  Tellowstono  Lake,  and  at 
Fort  Hall,  where  I  obtained  one  specimen.  No.  300,  (G22!>!>.)  This  spe- 
cies is  almost  exactly  like  the  preceding,  Z.  leucophrys,  the  only  notice- 
able difference  being  in  the  blaek  stri^ie  on  the  side  of  the  crown,  which, 
in  lencophryg,  passes  down  over  tlio  upper  half  of  the  lores  and  in  front 
of  the  eye,  sending  back  a  short  branch  to  it,  which  cuts  off  the  white 
superciliary  stripe.  In  Z.gambelii  the  superciliary  stripe  jtasses  contiuu- 
ou^jly  forward  to  the  lores,  cutting  off  the  black  from  the  eye.  lu  habits 
it  lesembles  the  white-crowned  finch  just  described. 

Jutico  oregonm,  Sclater.,  (pink-sided  snow-bird :) 


No. 

'•;r,ir 

Sex. 

Dale. 

menu. 

Locality. 

lec 

(HSIG 

5 

July  2*.  1872 

SIX    9 

TfitonCaDon.Wftho. 

AU]«.2«,lB72 

6iX    B 

Lowur  GpjMr  Basin,  Wyo. 

GIX  10 

•27i 

62313 

^ 

ScpMO.lHTa 

(iixio 

mu 

J 

Sfi.t.l6,lWJ2 

(^  X  10 

)o. 

a7(i 

62321 

i 

Si!1jM7,  laT2 

.  6JX    9 

)o. 

«77 

62;ia2 

s 

Sel.t.l7.laT2 

GIX    9 

)o. 

J 

Sept.u!).ia:a 

(ifXlO 

D... 

Hab. — Pacific  coast  of  the  United  States  to  ttie  «aste^u  &\aa  -^^  'Oas. 
Bocky  Mountains;  stragglers  as  fareast  asYottlieaveQ.'WOiGxm'^v^iW'''^ 
and  Great  Bend  or  J/issonri. 
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We  first  met  with  the  pink-sided  snow-bird  at  T^ton  Canon,  where  I 
secured  one  specimen,  No.  186,  (62316.)  After  this  they  were  very  plenti- 
ful nil  along  our  route,  until  we  emerged  from  the  pine  forests  and  once 
more  entered  the  sage-brush  plains.  We  generally  found  them  in  flocks 
of  from  fifteen  to  twenty,  moving  about  from  tree  to  tree  in  search  of 
their  food. 

One  day,  while  out  shooting  in  the  Lower  Geyser  Basin,  I  saw  a  snow- 
bird in  a  pine  tree.  I  fired  and  it  fell,  and  supposing  it  to  be  dead,  I 
searched  about  on  the  ground,  under  the  limb  on  which  it  had  been  sit- 
ting, but  found  no  traces  of  it.  1  at  last  discovered  a  small  feather  on  the 
edge  of  a  mouse-hole,  and  thinking  that  the  wounded  bird  might  have 
taken  refuge  in  this  subterranean  abode,  I  commenced  digging  after  him 
with  my  fingers ;  I  had  not  gone  far  before  I  thought  I  felt  feathers  ahead ; 
grasping  them  with  my  thumb  and  finger,  I  commenced  pulling;  the  binl 
came  a  little  way,  then,  making  a  violent  effort,  escaped  farther  into  the 
hole,  leaving  in  my  hand  two  tail-feathers. 

Having  no  implements  to  dig  with,  except  those  with  which  nature 
had  provided  me,  I  was  compeUed  to  give  up  the  chase. 

Spizella  socialis,  Bonap.,  (chipping  sparrow:) 


No. 

Catalogue- 
number. 

Sex. 

0 
9 

9 

Date. 

Measure- 
ments. 

Locality. 

153 
178 
243 
206 
232 
270 

01779 
02311 
62312 
62313 

C2:n5 

62314 

July   7,1872 
July  20, 1872 
Aug.  27, 1872 
Sept.  14, 1872 
Aug.  22, 1872 
Sept.  15, 1872 

5f    X7H 

5f    X8i 
5f    X8J 
5J    X9f 
H    X9 

5Hx» 

Fort  Hall,  Idaho. 
Conant  Creek,  Idaho. 
Lower  Geyser  Basin,  Wyo. 
Snake  River,  Wyo. 
Yellowstone  River,  Wyo. 
Snake  River,  Wyo. 

Jlab, — North  America,  from  Atlantic  to  Pacific. 

Oar  coiDiuon  chipping  sparrow  is  too  well  known  to  need  description. 

Meloapiza  fallux^  Baird,  (mountain  sou g- sparrow :) 


V         Catalogue-     <;,^^^. 

rsu.  1         ,    OCX. 

uu  111  her. 


Date. 


03 
175 

2t)>3 
21)9 
304 


01073 

9 

02303  , 

()2304 

9 

02305 

(T 

0230() 

S 

June  14, 1872 
July  IH,  1872 
Oct.  12,1872 
Oct.  13,1872 
Oct.  14,1872 


Measure- 
ments. 


Localitv 


^o  X  8t^ 

6i"'x  "eV 

6|    X    8 
6ir    X    8i 


Ogdcu.  Utah. 
North  Fork,  Idiiho. 
Fort  Hall,  Idaho. 

Do. 

Do. 


2/aft.— Rocky  Mountain  region  from  Fort  Thorn  to  the  Colorado. 

The  mountain  song-sparrow  was  common  at  Ogden,  a.s  it  was  at  Fort 
Hall  and  on  the  North  Fork  of  Snake  River.  I  found  several  nests  of 
this  bird  at  Ogden,  about  the  1st  of  June.  They  were  built  in  a  clurap 
of  bushes  in  a  marsh,  about  six  feet  above  the  ground,  were  composed  of 
dry  grass  and  rushes,  and  contained  four  to  six  eggs. 


GEOLOGICAL  8UBTEY  OF  THE  TEEBITOBIES. 
(Sab-family  S^ina.) 
Guiraca  melanocephala,  8w.,  (black-beaded  grosbeak  :) 


Ho. 

Dnmber. 

Sex. 

Data. 

U«utm- 

munts. 

Number 
ofnwt. 

Loc»lit7. 

616K 
(11086 
61687 
6168S 
61689 
61690 
62274 

I 

Jane  5,1878 
June  6,1B73 
Jnne  7,1873 
Jnne  8,1872 
June   8,1872 
June  12, 1872 
July  22, 1872 

8i  xiaH 

Ogdeu,  Utah. 

8     X 12H 
8i    Xl2i 
PftXl2| 
8i    X121 

im 

63 

T«toD  BisiD,  Idaho. 

Sab. — High  central  plain  from  tbe  Yellowstone  to  tlie  Pacific.  Table- 
lands of  Mexico. 

Black-headed  grosbeaks  are  quite  numeroas  among  tbe  scnib-oaks  at 
the  foot  of  the  Wabsatch  Monutains.  Here  I  obtained  six  good  speci- 
mens. I  obtained  one  of  their  neats  at  the  First  Cottonwood  Greek, 
T^ton  Bnsin,  Idaho  Territory,  on  the  32d  of  Jaly,  It  was  on  a  cotton- 
wood  sapling,  about  five  feet  above  the  ground,  and  was  composed  of 
pieces  of  grass  and  vines  laid  carelessly  together,  with  their  ends  stick- 
ing out  four  or  five  inches;  it  contained  two  fresh  eggs — iNo.  63,  (16317,) 
9  Ko.  ISO  shot.  They  are  peculiar  in  their  habits:  sometimes  you  may 
boot  half  a  day  without  getting  more  than  a  glimpse  at  them,  as  they 
flit  about  from  bnah  to  bush,  yet  their  aoug,  which  at  times  is  scarcely 
distinguishable  from  that  of  our  common  catbird,  {Oateoscoptes  Caro- 
UnenaU,)  seldom  escapes  your  ears;  at  other  times  you  cannot  walk 
about  for  ten  minutes  without  seeing  several  of  them  perched  up  on 
tbe  top  of  the  bighest  bushes  near  by,  entertaining  you  with  their 
soDg,  without  evincing  tbe  slightest  symptoms  of  fear. 

Oganogpixa  amcena,  Baird,  (lazuli  finch :) 


No. 

Ctitulogue- 
nuniber. 

8ei. 

Dote. 

Mensure- 
nients. 

Nambet 
of  nest. 

Locality. 

61091 
61692 
61693 
61604 
61695 
6169ti 
61698 
61697 
61699 
61700 
61701 
61709 
61703 
61704 
61105 
61706 
61707 
61706 
61709 
61710 
61711 
61712 

9 
i 

i 

s 
s 
s 
i 
i 
s 

9 

i 
s 
<f 

2 
if 
d" 

i 
<f 

2 
-2 

Juno  7,1872 
Jutie  7,1872 
Jnne  8,1673 
Jnne  4,1872 
Juno  9,1872 
Junoll,lB72 
Juuull,1872 
Jnmai,187a 
June  11, 1872 
Juno  11, 1872 
Juno  It,  1872 
June  14. 1872 
June  14, 1872 
Juno  14. 1872 
Jnne  14, 1872 
Jnne  15. 1822 
Jnne  15. 1872 
Junel7,ia72 
Jnne  20, 1872 
Jnne20, 1872 
Jnne  20, 1B72 
Jnne20,  1872 
July  22, 1872 

Ogdeu^lItBb. 

6      X9i 
5i    X9 

51    x9iV 

6      XH 
51    X9J 

6X3* 

rii 

6  xiL 

34 

3^ 

46 

48 
49 
50 
61 
65 
71 
7S 
73 
74 
86 

65 

Do. 

i. — ^High  central  plains  from  the  Bocky  Mountains  to  the  Pacific. 
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The  lazuli  finch,  or  blue  linnet,  is  very  common  near  Ogden,  and 
in  the  bushes  that  border  some  of  the  streams  in  T^ton  Basin.  There 
are  but  few  of  our  western  birds  that  rival  or  even  equal  this  handsome 
little  bird,  either  in  beauty  of  plumage  or  sweetness  of  voice.  They  are 
greenish  blue  above,  the  head  and  neck  being  of  the  same  color  ;*the 
upper  part  of  the  breast  is  chestnut,  separated  from  the  throat  by  a  faint 
white  crescent,  and  the  belly  is  white.  They  seem  to  take  great  delight 
in  perching  themselves  up  among  the  branches  of  some  scrub-oaks,  not 
far  apart,  trying  to  see  who  shall  excel  the  other  in  pouring  forth  their 
sweet  melodies. 

I  obtained  three  nests  of  this  species  at  Ogden ;  one,  No.  8,  (1628^) 
was  on  a  scrub-oak  about  three  feet  high,  and  the  other  two,  Nos. 
9  (1G284,)  and  35  (162S5,)  were  on  sage-bushes,  (artemisia,)  about  two 
feet  above  the  ground.  The  eggs,  generally  four  in  number,  are  laid 
about  the  first  or  middle  of  June,  in  a  beautiful  downy  nest,  composed 
of  fibrous  grasses  and  wool,  lined  with  hair. 

PipUo  megalonyxy  Baird,  (spurred  towhee.) 


No. 

Cataloguc- 
nnmbcr. 

Sex. 

Date. 

Measare- 
ments.* 

No.  of 
nest. 

Locality. 

25 

61678 
61679 
61680 
61681 

9 

June    7, 1872 
June    8,1872 
Juno  13, 1872 
June  13, 1872 
June  14, 1872 
June  14, 1872 
June  15, 1872 
June  21, 1872 

Ogden,  Utah. 
Do. 
Do. 
Do. 
Do. 

32 

56 
57 
67 

8iV  X  Hi 
Hi     X  Uf 

SAr  X  lOA 

-     X  Hi 

8i   X  Hi 

8i     X  11 
8H  X  Hi 

"31" 
32 

"se" 

69 

77 

119 

61682 
61693 

61684 

Do. 
Do. 
Do. 

Ilab, — Southern  coast  of  California  and  across  through  valleys  of  Gila 
and  Kio  Grande,  west  to  Rocky  Mountains. 

Spurred  towhees  are  very  plentiful  in  the  scrub-oaks  near  Ogden; 
we  saw  none  elsewhere,  lii  habits  they  greatly  resemble  the  black- 
keaded  grosbeak,  {Guiraea  melnnoccpliala,)  About  the  middle  of  June 
they  build  a  rude  nest  of  dry  grass  and  leaves;  this  is  placed  on  the 
ground,  generally  at  the  foot  of  a  small  bush,  and  contains  four  or  live 
light-colored  eggs,  spotted  with  reddish  brown. 

FipUo  chlorura,  Baird,  (green-tailed  finch.) 


v,>  ]  Catalogue-     o 
^^*'-      number.        ^'^* 


177  I 

Iri 

*21:j 


6221)2 
62293 
02294 


Date. 


9 
9 


Measure- 
ments. 


July  20, 1872  1  7^  X  lOi 
July  22,  1572  7^  X  9^ 
Auk.     3, 1872    7|  x  lOf 


Locality . 


Conant  Creek,  Idaho. 
Tdtou  Basin,  Idaho. 
Do. 


Eab. — Valley  of  Kio  Grande  and  Gila ;  Rocky  Mountains  north  to 
Yellowstone  Lake  ;  south  to  Mexico. 

We  (lid  not  meet  \^'\\Ja.  WA^  «^^<!\^^  \u  abundance  at  any  locality  ou 
our  route. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 


685 


Family  17. — ^AlaudId^,  the  Lares. 
Eremophila  cornuta^  Bole.,  (horned  sky-lark.) 


No. 

Catalogue- 
unmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

39 

61753 

$ 

Jane  11, 1872 

7^X13 

Salt  Lake.  Utah. 

Hah. — Everywhere  on  the  prairies  and  desert  plains  of  North  America 
Atlantic  States  in  winter. 

The  homed  lark  is  met  with  in  greater  abundance  than  any  other  bird 
on  our  great  western  plains.  They  are  very  tame,  often  letting  you  pass 
within  six  or  eight  feet  of  them  without  appearing  disturbed,  and  then 
they  generally  run  a  little  to  one  side  instead  of  taking  flight. 

Family  18. — IcTERiDiE,  the  Orioles. 

(Sub-family  Jc^mwo?,  the  Orioles  proper.) 
Icterus  {Hyphantes)  bullocJcii,  Cassin,  (Bullock's  oriole:) 


J-       Catalogiie- 
* ;     number. 


H 
10 
11 
17 
23 
.51 
i>3 
.5^ 
93 
94 
95 
127 

nQ 

130 
131 


61713 
61714 
61715 
61716 
61717 
61718 
61719 
61720 
61721 
61722 
61723 
61724 
617j^ 
61783 
61784 
61785 


Sex. 


9 
9 


Date. 


June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 
June 


5, 1872 

5,1872 

6, 1872 

6, 1872 

6, 1872 

7, 1872 

12, 1872 

12, 1872 

14, 1872 

18, 1872 

18, 1872 

18, 1872 

28, 1872 

28, 1872 

28,1872 

28, 1872 


Measure- 
ments. 


Number  of 
nest. 


8A'  X  12i 


'lb' 
8 

7i 
8 

8A' 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


1*2'-'' 

llf 

12i 
12i 
111 
121 
12^ 
12^ 


2  (16261) 

3  (16262) 

12  (16263) 

13  (16264) 
17  (16266) 
19  (16267) 

29  (16268) 

30  (10269) 
33  (16270) 
48  (16278) 


Locality. 


Ogden,  Utah. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
DeviVs  Creek,  Idaho. 

Do. 

Do. 

Do. 


Hah, — High  central  plains  to  the  Pacific  j  rare  on  Upper  Missouri ; 
south  into  Mexico. 

The  western  oriole,  in  my  opinion  at  least,  is  the  most  beautiful  of  all 
our  western  birds.  They  are  very  abundant  in  a  large  marsh  between 
Ogden  and  Weber  Canon ;  there  1  collected  sixteen  of  their  nests,  con- 
taining over  sixty  eggs.  Tbey  build  a  beautiful  hanging  nest,  often  ten 
and  a  half  inches  deep,  and  compose<l  of  fibers  of  grass,  flax,  and  the 
inner  bark  of  vines,  and  are  generally  lined  with  wool.  The  first  lot 
were  deep  and  solid,  were  composed  chiefly  of  the  fibers  of  flax  and  dry 
grass,  and  had  a  grayish  appearance,  while  the  second  lot — which  were 
bailt  by  the  same  birds  after  their  first  had  been  taken — were  not  very 
deepy  had  evidently  been  made  in  haste,  and  were  principally  composed 
of  the  inner  bark  of  small  bushes  and  vines,  giving  them  a  brownish 
look.  They  generally  conceal  their  nests  among  the  leaves  on  the  toi) 
of  a  willow,  from  eight  to  ten  feet  above  the  ground,  in  such  a  position 
that  it  rocks  to  and  fro  whenever  there  is  a  little  wind. 


686 


GEOLOGICAL  8USVEY  OF  THE  TERKITORIES. 


(Sub-family  AgelaincCy  the  Starlings.) 
Dolichonyx  oryzivoruSj  (bobolink;  reed-bird:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

85 

97 

101 

61728 
61730 
61720 

June  17, 1872 
June  18, 1872 
June  18, 1872 

7i    Xl2Tfe 
7     Xlli 
7tV  X  llf 

Ogden,  Utah. 
Do. 
Do. 

Hab. — Eastern  North  America  to  Bocky  Moantains;  westward  to  Salt 
Lake  and  East  Humboldt  Mountains. 

The  onlj^  place  on  our  route  where  we  met  with  these  birds  was  in  the 
Great  Salt  Lake  Valley ;  here  they  were  quite  abundant. 

Agelaim  phoeniceus^  VieilL,  (red-winged  blackbird :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

15 

87 

61725 
61726 

June    6,1872 
June  17, 1872 

ihVxiSH 

9i    Xl5i 

Ogden,  Utah. 
Do. 

Hah. — United  States,  from  Atlantic  to  Pacific. 

Ked-wiuged  blackbirds  were  very  common  near  Ogden,  where  they 
were  breeding.  This,  as  well  as  the  preceding  species,  is  too  common 
to  need  description. 


Xantliocephahis  icterocepkalus^  Baird,  (yellow-headed  blackbird :) 


No. 


I3r. 

i:^7 

liiG 


1 


Catalogue-  L 


mimber. 


?5ex. 


^  Juno  29, 1872 

^  '  June  29, 1872 

^  I  June  29, 1872 

5  Juno  29, 1872 


Meaeure- 
ments. 


m  X  18 

10^  X   17i 

m  X  m 

8i  X   14i 


Locality. 


Marsh  Valley,  Idaho. 
Do. 
Do. 
Do. 


Hah. — Western  America,  from  Texas,  Illinois,  Wisconsin,  and  North 
Ked  Iviver  to  California,  south  into  ^Mexico.     Greenland,  licinbardt. 

1  saw  a  few  yellow-headed  blackbirds  in  a  marsh  near  Salt  Lake,  The 
only  other  place  where  we  found  them  was  Jit  Marsh  Creek,  near  Car 
pouter's  Eauch,  Idaho  Territory.  Here  I  obtained  four  good  specimens 
and  one  nest.  The  nest  was  fastened  to  a  clump  of  rushes  in  a  marsh, 
about  live  feet  above  the  water,  and  was  composed  of  dry  sw amp-grass 
It  had  no  lining,  and  presented  the  same  appearance  inside  as  out.  It 
was  very  solid,  and  contained  four  nearly  fresh  eggs  of  a  light  greenish 
color,  covered  with  darker  spots. 
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8tur)i€lla  neglectttj  And.,  (western  lark :) 
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No. 

Catalogae- 
number. 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest. 

Locality. 

3 

61733 
61732 

June'  5,1872 
June    6,1872 

6(16277) 

Ogden,  Utah. 
Do. 

13 

Hah. — Western  America,  from  high  central  plains  to  the  Pacific ;  east 
to  Pembina,  Dakota. 

The  western  lark,  a  mere  variety  of  our  common  eastern  tneadow 
lark,  {8,  magna^)  from  which  it  is  scarcely  distingaishable  by  the  casaal 
observer,  is  as  common  west  of  the  Kocky  Mountains  as  the  latter 
species  is  in  our  Eastern  States.  The  song  of  the  two  birds  is,  however, 
entirely  dilBferent.  I  procured  three  nests  of  this  species  at  Ogden; 
they  differ  essentially  from  those  of  our  eastern  species  in  being  rudely 
constructed  of  dry  grass  placed  loosely  in  a  little  hole  in  the  ground,  with 
no  aim  at  concealment,  while  our  meadow-lark  builds  a  neat  covered 
nest  perfectly  concealed  in  a  bunch  of  grass.  The  eggs  closely  resemble 
those  of  8.  magna. 

(Sub-family  QuiscaliiUJBj  the  Crow  Blackbirds.) 
8col€Cophagu8  cyanocephalusj  Cab.,  (Brewer's  blackbird :) 


No. 

Catalogue- 
number. 

Sei. 

Date. 

Measure- 
ments. 

Locality. 

70 
121 

61731 
61790 
61710 
62272 
62273 

9 

9 
<? 
9 

June  14, 1872 
Juue  25, 1872 
June  23, 1872 
July   14,1872 
Sept.  20, 1872 

9i  X  15 

Ogden,  Utah. 
Bear  River.  Utah. 

Its 

Do. 

158 
280 

9|  X  15i 
9iJ  X  14^ 

Snake  River,  Idaho. 
Snake  River,  Wyo. 

B,ah. — High  central  plains  to  the  Paqific,  south  to  Mexico ;  Pembina, 
Dakota. 

Brewer's  blackbird,  west  of  the  Eocky  Mountains,  takes  the  place  of 
our  common  rusty  blackbird,  (8.  ferrugineusj)  which  it  closely  resembles. 
We  met  with  them  in  abundance  at  nearly  all  points  on  our  route,  al- 
though they  were  not  so  common  in  the  densely-wooded  regions  on  the 
mountains  as  they  were  among  the  bushes  and  cottonwoods  bordering 
the  streams  and  rivers  that  run  through  the  dry,  arid  plains.  They 
breed  about  the  middle  of  June,  laying  dark-colored  eggs,  blotched  all 
over  with  dark  brown  and  chocolate. 

Family  19.—  CoRViD^E,  the  Crows. 
(Sub-family  Oarrulin(e,  the  Jays.) 
Fica  hudsonica,  Bonap.,  (common  magpie :) 


No. 

Catalogue- 
number. 

Se-          Date.           M^-°- 

Locality. 

146 

61780 

Acl.     July     2, 1872  '  14i  X  22^ 

Pocotello,  Idaho. 

Hab. — Arctic  regions  of  North  America ;  United  States,  from  the  high 
central  plains  to  the  Pacific,  north  of  California. 
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At  Ogden  I  found  an  old  nest  of  this  bird,  showing  that  they  had  re- 
cently lived  here.  They  are  still  quite  abundant  in  Ogden  Gauon,  and 
at  many  other  places  in  the  Wahsatch  Range  near  Ogden.  Port  Neuf 
Canon  is  the  first  place  where  we  found  magpies.  Here  they  were  very 
common,  as  they  were  at  Poootello,  where  I  obtained  a  good  specimen, 
No.  140  (C1780.)  I  also  saw  a  few  at  Fort  Hall  and  on  Snake  River, 
about  forty  miles  above  the  fort  We  saw  none  after  this  until  on  our 
return,  when  we  met  them  on  Snake  River,  east  of  the  Tetons.  After 
this  they  were  common  all  the  way  down  till  we  arrived  within  about 
fifty  miles  of  Ogden. 

Cyanura  macrolopha^  Baird,  (long-crested  jay:) 


No. 

Catalogue- 
nnmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

180 
200 
259 

62241 
62242 
6-2243 

9 

July  26.1872 
July  22,1872 
Sept.    7,1872 

m  X  m 
m  X  - 

13i  X  191 

T6ton  Cafion,  Idaho. 

Do. 
Shoshone  Lake,  Wyo. 

Hah. — Central  line  of  Rocky  Mountains  to  table-lands  of  Mexico. 

This  splendid  bird  is  the  Eocky  Mountain  representative  of  Steller's 
jay,  (C  htelleri^)  which  it  differs  from,  principally,  in  having  a  white 
spot  over  the  eye,  the  crest  being  longer  and  fuller,  the  streaks  on  the 
forebead  being  white  instead  of  greenish  blue,  and  the  whole  head  being 
darker. 

The  long-crested  jay  is  not  an  uncommon  bird  in  the  Wahsatch  Mount- 
ains. They  are  quit«  numerous,  however,  in  the  T^ton  Eange,  where  I 
obtained  two  specimens. 

At  Shoslione  Lake,  on  the  7th  of  September,  I  saw  a  flock  of  about 
twenty  gray  jiiys,  {PeriHoreus  canadensis.)  Among  them  was  a  beautitul 
long-crestod  jay,  which  I  succeeded  in  shooting.  It — No.  25G  (0224.3) — 
waH  in  full  plumage,  and  is  one  of  the  finest  specimens  I  ever  saw.  When 
first  disturbed  they  fly  about  in  <in  angry,  scolding  manner,  ottering  you 
a  fine  shot;  but  you  must  not  delay  long,  for  they  soon  lose  their  curi- 
osity and  retire  into  the  forest,  keeping  themselves  hid  among  the  pines. 
I  have  often  ^ovn  them  early  in  the  morning  imitating  the  voice  of  the 
hawk-owl  {Siirnia  ulula)  as  they  flew  about  from  tree  to  tree. 

Cijanocltta  icoorlhousll,  Baird,  (Woodhouse's  jay :) 


nuiiiiMT.     I 


Date. 


Measure- 
ments. 


01754 


9 


Juno  12,  l!^72     12J  X  K)f 
Jiuu- *J1, 1^72  !   lU  X  15^ 


Locality. 


Ogdou,  Utah. 
Do. 


Hah, — Central  line  of  Kocky  Mountains. 

Woodhouse's  jay  is  (juite  common  at  the  foot  of  the  Wahsatch  Ixange, 
where  I  obtained  two  specimens,  the  only  ones  that  were  seen  by  any  of 
our  party  during  the  summer.  They  are  the  Rocky  Mountain  represent- 
ative ot  the  ('alil'ornia  jay,  {C.  californka.)  which  they  greatly  resemble, 

-  *    >     .ft.k  «••.«  a  mam  .*.' 
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resemble,  tlie  cliief  points  of  differeace  being,  ia  the  aodertail  coverts, 
which  are  white  in  the  former  and  blue  in  the  latter,  and  in  the  entire 
under  parts,  which  are  mach  darker  in  Jtoridana  than  in  oali/omwa. 
These  slight  difierences  are  no  greater  than  those  cansed  in  many  other 
species  by  the  great  difference  in  climate  and  longitude. 


Perigoreua  catiadensU,  Bonap., 

{gray jay: 

No. 

Catalogue- 

n  umber. 

Sex. 

Date. 

Meusure- 

moDts. 

Locality. 

lai 

19& 
234 
863 

62244 
0^245 
G224G 
62247 
62248 

2 

i 

e 

July  29,1872 
July  29. 1872 
July  30, 1872 
Ang.  22, 1872 
Sept.  13, 1872 
Sept.  13, 1872 
Sept.  16, 1872 
fiept.  18, 1872 
Sept.  27, 1972 

Sopt.ar,i972 

Uf  X  17( 
lU  X  17i 
121  X  18 
18    X17 

laixia 

11    X  17i 

11  X  16i 
U    X17* 

12  xiei 

T6taa  Ca&on,  Mnlio. 
Do. 
Do. 

YellowBtoue  Eivcr,Wyo. 
Lowib'h  Lake,  Wyo. 

!2T5 

378 
287 

62250 
6S251 
03852 
62253 

Buako  River,  Wyo. 

Do. 
Secoiid  T6ti>u  Lake,  Wyo. 

Do. 

£a&.— Korthem  America  into  the  northern  parts  of  United  Stat«s, 
ftom  Atlantic  to  Pacific;  more  sonth  in  Rocky  Monntains. 

We  first  met  gray  jays  at  the  T6ton  Gaflon,  where  they  were  qnite 
nnmerous,  as  they  were  northward  to  the  Grand  Cailon  of  the  Yellow* 
f.tone,  and  down  Snake  Kiver  on  the  east  side  of  the  T^ton  Bange.  Tbey 
were  generally  very  tame, 'often  alighting  on  a  limb  within  ten  feet  of 
me,  then,  after  eyeing  me  for  a  few  moments,  woald  disappear  in  the 
forest.  I  remember  cue  occasion,  near  Yellowstone  Lake,  when  these 
birds  came  abont  our  camp,  evidently  in  search  of  eatables,  I  cut  off  a 
few  small  pieces  of  elk  meat  and  scattered  them  about  on  the  ground 
within  a  few  feet  of  me ;  then  one  of  the  jays,  which  had  been  watching 
me  closely  from  a  neighboring  limb,  darting  down,  seized  a  piece  of  the 
meat  and  flew  with  it  into  a  tree  near  by,  and,  after  devouring  it, 
returned  for  more.  I  have  often  beard  hunters  and  others  state  that 
tbey  had  known  these  Jays  to  be  so  bold  as  to  light  on  their  shoulders! 

(Section  CLAMATOEES,  ORYINW-BIEDS.) 

Family  23.— Tteannid^,  THE  Tykakt  Flt-oatohebs. 

y^annus  earolinensit,  Baird,  (king-bird:) 


No. 

number. 

Sex. 

Dftte. 

meota. 

Locality. 

14» 
150 
157 
166 

61771 
61770 
62287 
62389 

s 

July   5,1872 
July   5,1872 
July  14, 1872 
July  16,1872 

Six  l&A 
sjxiit 
e*xi4i 

Port  HftU,  Idaho. 

Do. 
Snake  River,  Idaho. 

North  Folk,  Idaho. 

Hai. — Entire  continent  of  North  America. 

We  fonnd  king-birds  quite  common  at  Ogden,  thence  northward  to 
Snake  Eiver,  where  I  fonnd  one  of  their  nests,  So.  60,  (16314;)  it  was 
on  a  rose-bash,  aboat  four  feet  from  the  ground,  and  cooXahn^  'Oq.'C'&«> 
fresh  eggs.    These  birds  must  have  raised  one  biooA  \kSqy6  \Xas,^ai  ^"«^ 
days  before,  I  found  a  neat  at  Blackfoot  RWer  (,Wei\its-&\fe  «iftft%  ^ta«^ 
here)  that  contaiaed  yoang  birds  that  were  nearVy  {aW.-gjco'V^^ 
44  a  B 
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Tyrannm  verticalisj  Say,  (Arkansas  fly-catcher:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measnre- 
,  ments. 

Number  of 
nest. 

LoeaHty. 

9 

61751 
61748 
61749 
61750 
61781 
61772 

9 
9 

June    6,1872 
June    5,1872 
June  14, 1872 
June  14, 1872 
June  28, 1872 
June  28, 1872 

11  (16286) 
15  (1G287) 

Ogden,  Utah. 
Do. 

14 

59 

8ftXl5i 

9i    Xl6iV 
8f    Xl5i 

8J    Xl5f 

Do. 

60 

Do. 

1.32 
134 

53  (16288) 

Devirs  Creek,  Idaho. 
Do. 

JIab. — Western  North  America,  from  the  high  central  plains  to  the 
Pacific. 

Arkansas  fly-catchers  are  numerous  in  the  Great  Salt  Lake  Basin,  as 
tbey  are  among  the  cottonwoods  and  bushes  that  border  most  of  the 
streams  between  Salt  Lake  and  Fort  Hall.  From  the  5th  to  the  28th 
of  June  I  collected  four  of  their  nests;  they  were  placed  on  willows  or 
cottonwoods,  from  eight  to  fifteen  feet  above  the  ground ;  were  com- 
posed of  fibrous  root's,  pieces  of  dead  sage-brush,  (ar^emtXa,)  dry  grass, 
&c.,  lined  with  wool  and  other  soft  substances.  The  first  uest  that  I 
found  is  really  very  beautiful,  as  well  as  curious;  it  is  composed  of 
fibrous  roots,  stalks  of  dry  grass,  wopl,  pieces  of  sage-brush,  with  here 
and  there  a  few  leaves,  and  is  lined  with  wool,  fibrous  bark,  and  thread, 
with  a  feather  occasionally  showing  itself:  there  is  much  wool  on  the 
outside  and  all  through  the  nest,  giving  it  a  soft,  downy  appearance. 
This  beautiful  structure  contained  four  cr^am-colored  eggs,  spotted 
with  reddish  and  dark  brown,  the  spots  being  most  numerous  near  the 
large  end. 

Tyrannm  vociferam,  Sw.,  (Cassin's  fly-catcher:) 


No. 

CatalogiR'- 
n  umber. 

2 

61747 

Sex. 

Date. 

Locality. 

6 

May  29,  1872 

Cheyenne,  Wyo. 

Hah. — Pecos  Kiver,  Texas,  and  into  Mexico  table-lands;  north  to 
Cheyenne,  Wyoming  Territory. 

Cheyenne  is  the  only  place  where  I  observed  this  species ;  there  I 
secured  one  specimen. 

Cassin's  ily-catcher  closely  resembles  the  preceding  species,  (T.  verti- 
calls,)  but  is  easily  distinguished  from  it  on  comparison;  the  yellow  of 
the  breast  is  brighter,  and  the  shoulders  are  more  olivaceous ;  the  bill 
ami  feet  are  larger.  The  most  appreciable  character,  however,  is  seen 
in  the  tail.  In  vertical  is  the  whole  outer  web  of  the  external  feather, 
includinfi;  the  shafts  is  purely  and  .abruptly  yellowish  white.  In  the 
species  now  under  consideration,  the  shaft  of  the  outer  tail-feather  is  dark 
brown,  its  outer  webs  and  the  tips  of  the  other  feathers  being  light  brown, 
with  tlie  extreme  edges  only  being  of  a  tolerably  pure  yellowish  white. 

Sayoniis  sayus,  I3aird,  (Say's  fly-catcher:) 


No. 


Catalo^ue- 
uumber. 


Sex. 


Date. 


Mensnre- 
meuts. 


122 


Locality. 


61769 


3uwfe':iS>,\^*A    ^XV»fc  \^^«t^\N'8t,\Jk\aia.'\:, 
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Hab. — ^Missoari  and  central  high  plains  westward  to  tiie  Pacific  and 
south  to  Mexico. 
Bear  Eiver  is  the  only  locality  where  this  species  was  observed. 

Coniopus  horealiSj  Baird,  (olive-sided  fly-catcher :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measore- 
meuts. 

Locality. 

27 
190 
191 

61739 
62289 
62290 

June  8,1872 
July  27, 1872 
July  27, 1872 

• 

7|f  X  13 

7A  X  m 

7f  Xl3i 

Ogden,  Utah. 
Teton  Ca&on,  Idaho. 
Do. 

Hab, — Eare  on  either  coast.  Not  observed  in  the  interior  of  the 
United  States,  except  to  the  north.    Found  in  Greenland,  (Beinhardt.) 

But  three  specimens  of  this  rare  si)ecies  were  observed :  one  at  Ogden, 
and  the  other  two  at  T^ton  CaOon. 

Coniopus  richardsoniiy  Baird,  (short-legged  pewee :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

28 
193 

61740 
62291 

9 

Jane  8,1872 
July  27, 1872 

6ixl0f 
6iXl0J 

Ogden,  Utah. 
Teton  Cafion,  Idaho. 

Hab. — High  central  dry  plains  to  the  Pacific ;  Eio  Grande  Valley, 
southward  to  Mexico.   Labrador,  (Audubon.) 

The  present  species  is  a  western  race  of  our  common  wood  pewee,  {C. 
mrenSj)  which  it  is  scarcely  distinguishable  from  except  on  comparison. 
The  most  appreciable  difierence  is  seen  in  the  breast,  which  in  Richard- 
sonii  is  nearly  of  a  uniform  olive  brown,  while  in  virens  the  middle  line 
of  the  breast  is  paler  than  the  sides. 

Empidonax  ptmlluSj  Cab.,  (little  fly-catcher :) 


No. 

Catalogue- 

number. 

62 

61741 

76 

61742 

81 

61743 

82 

61744 

88 

61745 

100 

61740 

133 

61773 

Sex. 


9 


Date. 


Measure- 
ments. 


June 
June 
June 
June 
June 
.Tune 
June 


14, 1872 
15, 1872 
16, 1872 
16, 1872 
17, 1872 
18, 1872 
28,1872 


6^.^X9tV 
5?    X8| 

"e"  "x— " 

5|    X9 
5ft  X  91 
6      X9i 


No.  of  nest. 


39  (16305) 


50  (10306) 


Locality. 


Ogden,  Utah. 

Do. 

Do. 

Do. 

Do. 

Do. 
DeviVfl  Creek,  Idaho. 


Hab. — High  central  plains  to  the  Pacific;  fur  countries ;  southward 
into  Mexico. 

This  western  race  of  E.  trailUi  waii  very  common  in  the  Salt  Lake 
Valley,  where  I  collected  seven  specimens  and  three  nests.    They  build 
a  neat,  compact  little  nest,  which  they  place  in  the  fork  «t  ^  yq"«^^  ^"^ 
other  small  bush,  about  five  feet  above  the  gro\x\i(i.    \\»  \a  ^Q\s\^Q"^fc^  ^"^ 
fibroQS  grasses^  nax,  wooi,  and  other  soft  subateiice^,  Vu^t^^'^^'^^^^^^ 
f^ w  leaves  of  s wamp-grass.    It  is  a  curious  fact  tYiftt  Wi\&  >a«^  \^stfi«^  ^>^ 
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the  wool  and  other  soft,  downy  snbstances  on  the  ouUide  of  its  nest, 
lining  it  with  the  rough  stalks  of  dry  grass. 

About  the  middle  of  June  it  lays  four  light  cream-colored  eggs,  spar- 
ingly spotted  with  dark  reddish  brown  near  the  large  end. 


Order  2.— STRISORES,  SHRIEKING  BIRDS. 
Family  28. — Alcedinidjb:,  the  Kingfishers. 
Ceryle  alcyon^  Boie.,  (belted  kingfisher:) 


No, 

Catalogue- 
number. 

Sox. 

Date. 

Measure- 
ments. 

Locality. 

252 

62267 

i 

Aug.  30, 1872 

13tx22i 

Lower  Geyser  Basin,  Wyo. 

Hob. — The  eutire  continent  of  iNforth  America. 
Kingfishers  were  rare  birds  along  our  route,  as  this  was  the  only 
specimen  seen. 

Family  32. — Oapbimulgid^  the  Goatsuckers. 

Antrostomus  nuttalUy  Gassin,  (poor- will:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

26 
55 

61734 
61735 

9 

June  8,1872 
June  12;  1872 

8i  X  17| 
8^X15 

Ogclen,Utali. 
Do. 

Hab. — High  central  plains  to  the  Pacific  coast. 

This  rare  bird  was  only  found  on  the  rocky  slopes  at  the  foot  of  the 
Wabsatch  Mountains;  here,  on  the  12th  of  June,  I  obtained  their  eggs; 
they  were  pure  white  without  spots,  and  were  laid  in  a  slight  cavity  in 
the  bare  ground,  without  any  nest.  They  contained  full-grown  embryos, 
and  would  doubtless  have  hatched  in  a  few  hours.  The  male  bird,  No. 
55  (C1735,)  was  shot  as  he  left  the  nest,  and  as  the  feathers  were  worn 
off  his  belly  by  sitting,  it  is  evident  that  both  male  and  female  take  i)art 
in  the  incubation. 

• 

Chordeiles  henryi,  Gassin,  (western  night-hawk :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

139 

61775 
62254 
62255 
6225- 

Juv.  ^ 

June29, 1872 
July  17, 1872 
July  31, 1872 
Aug.  20, 1872 

Marsh  Creek,  Idaho. 

169 
205 
230 

9f  X23i 
9iX2af 
6iXl6i 

North  Fork,  Idaho. 
T^ton  CaQou,  Idaho. 
Upper  Geyser  Baain,  Wyo. 

-ff a*.— Rocky  Mouiila\Ti^^ixom^^^^^^fc\v^^^\i^^^^^^^ 
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This  Bocky  Moantain  race  of  oar  common  night-hawk  (P.  popetuc) 
was  qnite  common  in  the  Salt  Lake  Basin,  thence  north  to  Yellowstone 
Lake,  where  they  were  very  numerous. 

Family  34. — ^TROOHiLiD-as,  the  Humming-birds. 
Trochilus  alexandrij  Bourc.  and  Muls.,  (black-chinned  humming-bird :) 


No. 

Catologae- 
nnmtor. 

Sex. 

Date. 

Measure- 
luenta. 

Locality. 

• 

■ 

111 
112 
115 

61736 
61738 
61737 

...... 

June20, 1872 
Jiino20, 1872 
Jane  20, 1872 

44    X  4* 

mxa 

3i   X4f 

Ogden,  Utah. 
Do. 
Do. 

Hob. — ^California,  Utah,  Arizona,  and  southward. 

Black-chinned  humming-birds  were  not  uncommon  near  Ogden,  where 
I  obtained  three  specimens;  they  were  breeding  there,  but  I  was  unable 
to  discover  any  of  their  nests. 

SteUula  cdllwpej  Gould,  (calliope  humming-bird :) 


No. 

Catalogue- 
nambcr. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

311 

62371 

9 

July    3,1872 

3ix4t 

Fort  Ellis,  Mont. 

Hab. — ^Mountains  of  Montana,  Washington,  Oregon,  and  California, 
to  Mexico. 
This  species  was  only  observed  at  Fort  Ellis,  Montana  Territory. 


Order  3.— ZYGODACTYLI,  CLIMBING  BIRDS. 
Family  38. — Picid-e,  the  Woodpeckers. 

Piciis  harrisiiy  And.,  (Harris's  woodpecker :) 


No. 

Catalogue- 
nnmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

1 

ler 

62260 

$ 

July  24, 1872 

9Jxl5f 

T6toji  Ca&OD,  Idaho. 

Hab. — ^From  the  Pacific  coast  to  the  eastern  slope  of  the  Rocky 
Mountains. 

This  western  race  of  P.  villosus  was  quite  abundant  in  theT<iton  Caiion, 
thence  northward,  following  the  pine  forests,  to  Yellowstone  Lake,  and 
the  head- waters  of  Snake  Kiver. 
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Ficoides  arcticus^  Gray,  (three-toed  woodpecker  :) 


No. 

Catalogne- 
D  umber. 

Sex. 

Date. 

Measnre- 
nicuts. 

Locality. 

236 

G22C1 

i 

Aug.  26, 1872 

8|X141 

Lower  Geyser  Basin,  Wyo. 

Hab. — Nortbern  portions  of  the  United  States  to  the  Arctic  regions, 
from  the  Atlantic  to  the  Pacific. 
But  one  specimen  of  this  species  was  observed  on  our  route. 

Ficoides  dorsaliSy  Baird,  (striped  three-toed  woodpecker :) 


No. 

Catalogue- 
numlMir. 

Sex. 

Date. 

MeajBore- 
ments. 

Locality. 

237 

62262 

0 

Aug.  26, 1872 

7it  X  14| 

Lower  Geyser  Basin,  Wyo. 

Hab. — ilocky  Mountain  region. 

One  morning,  while  at  breakfast',  in  the  Lower  Geyser  Basin,  I  saw 
this  and  the  preceding  species  busily  engaged  searching  for  grubs  in  a 
dead  tree  near  camp.  I  took  my  gun  and  succeeded  in  shooting  both 
birds.  This  also  is  the  only  specimen  of  its  species  seen  during  the 
summer. 


tSphyropicm  wiUiamsonii^  Baird,  (Williamson's  woodpecker:) 


■ 
^.^^   ;  Catalogue 
iiuiiibtr. 

Sex. 

Date. 

Measure- 

lueuts. 

Locality. 

2o4            G2*iG3 

3 

Sept.  G,  1872 

8f  X.lGi 

TToad-waters    of   the     Madisou 
River,  Wyo. 

Hah, — Kock}'  Mountains  to  the  Cascade  Mountains. 

As  we  were  crossing  the  mjiin  divide  of  the  Eocky  3Iountaius,  on  the 
(>th  of  September,  when  the  ground  was  covered  with  snow,  I  succeeded 
in  shooting  the  only  specimen  seen  of  this  rare  and  beautiful  wood- 
pecker. 

^Sphijroincus  thyroideiis,  Baird,  (brown-headed  woodpecker :) 


1 

1 

I     number. 

Sex. 

Date. 

Measure- 
nieuts. 

Locality. 

1 
22(J           G2200 

Juv. 

Aug.  13,  1872 

9X1H 

Madison  River,  Mout. 

J/ah, — Wooded  "Rocky  ^lo\m^^\\i  T^^\ci\i'^  \»^^s£\K!iR.'^<^\s^. 
This  is  another  rare  spede^^X^wX*  V^o  ^\>^^\\xi^\i"s.Q^^\:vjN:^-^^^^ 
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No. 

Catalogue- 
uumbcr. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

1G7 
170 
174 

62274 
62275 
62276 

Jqly  17, 1872 
July  18, 1872 
July  18, 1872 

11    X2li 
11    X21f 
m  X  20t 

North  Fork,  Idaho. 
Do. 
Do. 

Hab. — Western  America,  from  Black  Hills  to  Pacific. 

North,  or  Henry's  Fork,  of  Snake  Kiver,  is  the  only  locality  on  our 
route  where  this  species  was  met  with :  here,  on  the  17th  of  July,  they 
were  quite  common,  and  very  shy,  and  1  pursued  them  for  several  hours 
before  obtaining  a  specimen.  On  the  18th,  however,  they  were  still 
more  numerous,  and  I  secured  two  specimens  without  much  difficulty. 


Colaptes  mexicanusy  Sw.,  (red-shafted  flicker:) 


No. 

Catalogue- 
number. 

Sex. 

Date 

Measure- 
ments. 

Locality. 

160 
271 

62257 
62258 

July  16, 1872 
Sept.  J  6, 1872 

• 

m  X  IPf 
13    X21i 

North  Fork,  Idaho. 
Suako  River,  Wyo. 

j^ab. — Western  North  America,  from  Black  Hills  to  Pacific. 

This  western  representative  of  0.  aurattis  was  met  with  at  North 
Fork,  T^ton  Caiion,  and  Snake  liiver,  but  was  not  abundant  at  either 
of  these  places.  At  Lewis's  Lake,  however,  they  were  quite  numerous; 
there,  on  the  13th  of  September,  I  counted  twenty-seven  in  one  flock. 


Order  4.— EAPTORES,  BIRDS  OF  PREY. 
Family  40. — SxRiGiD^,  the  Owls. 
Otti8  wihonianvs^  Lesson,  (long-eared  owl :) 


No. 

Catalogne- 
niimbcr. 

Sex. 

Date. 

Measure- 
meuts. 

Locality. 

126 

61760 

9 

Juno  28, 1872 

i4i  X  m 

DeviPs  Creek,  Idaho. 

jZah. — The  whole  of  temperate  North  America. 

I  shot  this  specimen  of  the  long-eared  owl  as  it  was  sitting  in  a  willow, 
directly  under  its  nest,  which  was  made  of  sticks  about  three  eighths  of 
an  inch  in  diameter;  it  was  about  one  foot  deep  aud  tvjo  ^^i.^\,Vy\  ^vccccwvi,- 
ter ;  the  nest  w^as  empty,  the  young  liaving  probaXA^  ^onsw  w«^^» 
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Athene  hyptigceaj  Bonap.,  (prairie-owl :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

18 
125 

61637 
61761 
61763 
61762 
61764 

9 

9 
Juv. 

June  9,1872 
June  26, 1872 
July    1,1872 
July    5,1872 
July    9,1872 

mx2:y^ 

Ogden,  Utah. 
Malad  Valley,  Idaho. 
Port  Nenf  Ri v<^r.  Idaho. 

143 

148 
156 

9ix24i 
5|Xl6iV 

• 

Fort  Hall,  Idaho. 
Do. 

Hah. — Prairies  and  other  open  portions  of  the  United  States,  from  the 
Mississippi  to  the  Pacific. 

These  little  owls  were  very  plentiful  on  the  great  plains  and  prairies, 
between  Omaha  and  the  Black  Hills.  There  they  live  and  breed  in  the  de- 
serted holes  of  the  prairie-dogs,  {Cynamys  ludoviciantis.)  They  were 
also  quite  numerous  in  the  Salt  Lake  Valley  and  northward  to  Snake 
Biver ;  here  they,  take  up  their  abodes  in  the  old  holes  of  the  badger 
(Taxidea  ammcana,  Waterh.)  and  coyotQj  {Canis  latrans^  Say.)  They 
breed  in  May,  laying  pure- white  eggs. 

Sumia  uluhiy  Bonap.,  (hawk-owl:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

224 

62240 

<J 

Aug.  11,  1872 

15  X  31i 

Madison  River,  Mont. 

Hah, — ^Northern  regions  of  both  continents. 

This  specimen  of  the  hawk-owl  is  the  only  one  seen.    I  shot  it  in 
broad  daylight  as  it  flew  past  me  and  lit  on  a  dead  pine  tree. 


Family  41. — FALCONiDiE,  Diurnal  Birds  of  Prey. 


(Sub-family  FalconiruVj  the  Falcons.) 
Tinnunculus  sparveritis,  Vieill.,  (sparrow-hawk :) 


No. 


J 


Catalogue-     ^ 
number.       ^*^^* 


9 

9 

Juv. 


Date. 


Measure- 
ments. 


July  16,  1872 
July  17,  1872 
July  18,  1872 
July  22,  1872 


10^  X  24i 
lU  X  24i 
10  X2U 
Hi  X  24i 


Locality. 


North  Fork,  Idaho. 

Do. 

Do. 
T^tou  Basin,  Idaho. 


Hah, — The  entire  continent  of  America. 

Sparrow  hawks  were  c^wMii  wwm^YQM^  ^^  \k^  '^ortli  Fork,  Teton  Basin, 
and  ou  Snake  IVwer,  ea^^t  oi  Wi^Tvi\.ow^^\i^^. 


QEOLOOICAL  SnBTET   OF  THE   TEBBITOBIES. 
(Sab-family  Aodpitrina,  the  HawlcM.) 
Aceipiter/tucus,  Bouap.,  (sborp-shinned  hawk :) 


No. 

CatriogDE- 
uamber. 

Sex. 

Date. 

MeasQK- 
ments. 

Locality. 

228 
339 

63234 
63335 

J 

Aug.  20,  1872 
Aug.  20,  1872 

12   x22i 

isjxae 

Loner  Geyser  BbbId,  Wyo. 

Sai>. — Tbronghont  JS'ortb  America  and  Mexiuo. 
This  species  was  ouly  met  with  iti  the  Lower  Geyser  Baaio,  f 
was  quite  common. 

(Snb-fomily  Buteonina,  the  Buaiard-hawka.) 
Bonap.,  (Swainaon'D  bawk :) 


So. 

Catologuo- 

Dumber. 

Sex. 

Date. 

Meosul-e- 

Locality. 

154 
155 

1J38 
-239 
-251 
269 
313 

617^ 
61766 

63227 
62228 
62229 
62230 

2 

PullOH 

e 

Juv. 
5 

July   9,  1872 
July   9,  IffT-J 
Ang.  27.  1878 
Aug.  37,  lM7a 
Ang.  30,  1872 
Sept.  15,  1872 
July    3,1672 

20i  X  m 

11    X21 
214  X  5-3 
20    X4!>i 

19   X49 

FotC  finll,  Uaho. 

Do. 
Lower  Geyser  Basin,  Wyo. 

Do! 
Snake  River,  Wyo. 
Port  Ellis,  Moot. 

Htd?. — Western^North  America;  aocideutal  in  Kew  England. 

This  species,  though  not  at  all  numerous,  was  the  most  abnndaiit; 
species  of  bawk  along  our  route.  Ou  the  9th  of  July  I  obtained  one  of 
their  nests  at  Lincoln  Valley,  near  Fort  Hall,  Idaho  Territorj-.  It  was 
found  on  a  scrub-cedar  on  a  side  hill,  about  nine  feet  above  the  ground, 
and  was  composed  of  sticks,  lined  with  fine  striiis  of  inner  bark ;  it  was 
nearly  flat,  and  measured  twenty-seven  inches  in  external  diameter  by 
ten  in  thickness ;  it  contained  one  young  bird  and  one  egg j  the  egg — 
which  contained  a  full-grown  embryo,  which  was  dead  and  partly  de* 
composed — was  white,  and  measured  2^  inches  in  length  by  1}  la 
breadth. 


Buteo  montatttts,  Kuttall,  (western  red-teil :) 


No. 

Cutologne- 
number. 

Sex. 

Date. 

Meaiinro- 
ments. 

Locality. 

195 

62231 

9 

July  29, 1872 

2^X64 

T^ton  Cafion,  Idaho. 

Bob. — Western  North  America. 

This  western  representative  of  B.  borealia  was  only  met  with  in  T4tea 
CafioD,  where  I  saw  but  one  pair,  the  female  of  which  I  secured. 
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(Subfamily  MilvinWj  the KitaJ) 


Gircm  hitdsoniiiSj 

Vleillot,  (marsh-hawk :] 

No. 

Catalogue- 
nambcr. 

Sox. 

Date. 

Mcosare- 
ments. 

Locality. 

222 

,    62233 

Juv. 

Aug.  9, 1872 

21i  X  50 

Henry's  Lake,  Idaho. 

Hah, — All  of  North  America  and  Gaba. 

Marsh-hawks  were  quite  abundant  in  the  Salt  Lake  Basin,  thence 
northward  to  Henry's  Lake,  and  down  Snake  River. 

(Sub-family  Aquilince,  tlie  Eagles,) 

Pandion  carolhwmiSy  Bon.,  (fi&h-hawk :) 


No. 

Catalogae- 
11  umber. 

Sex. 

Date. 

Measure- 
meuts. 

Locality. 

220 

62232 

Jav. 

Aug.  7,  1872 

23x62i 

North  Fork,  Idaho. 

Hah, — Throughout  temperate  North  America. 

Fish-hawks  were  only  met  with  on  the  North  Fork  of  Snake  River; 
here  I  shot  one  specimen  as  it  was  soaring  around  its  nest. 


Sab-class  3.— CURSORED,  S€RAT€II1]\0  BIRDS. 

Family  10. — TETRAONiDyE,  the  Grouse. 
Tetrao  ohscnnis,  var.  ricliardsoniij  Douglas,  (Richardson's  grouse  :) 


No. 

''.^S"-  '^-^      ^'^^^ 

Measure- 
ments. 

Locality. 

185 
192 
201 

G2210 
62217 
(>•>'>  18 

1 

$       July  2:5,  1872 

^     ;  July  27,  1872 

9       July  no,  1872 

Jnv.     JiilV  no.  1?^72 

18-^  X  28i 
20i  X  2Di 

Tctou  Caiiou,  Idaho. 
Do. 
Do. 

202             r/2-211) 

Do. 

'2  in 

(•)2220          $      ■  Aug.  r>,   1872 
62-221     i  .Tiiv.  1  Aii«r.  f).   1S7'2 

North  Fork,  Idaho. 

217 

* 

Do. 

218 

62222 

$      1  \\v^.  6,   lJ!'72 

185  X  29 

Do. 

Hah, — Central  Rocky  Mountains  and  northward. 

This  bird  is  easily  distinguished  from  the  T,  ohscurns  by  the  tail,  which 
in  the  latter  is  broadly  tipped  with  light  slate,  while  in  T,  richard,^onii 
the  terminal  band  is  much  narrower  and  more  indistinct,  or  wanting  en- 
tirely. The  species  ns'^?>  wot  abundant,  being  met  with  chiefly  in  the 
T(5ton  Mountains.  1  oXiV^VwevV  om^.  c>l  \\\vi\\  ^^^^^  vw  Teton  Canon ;  it 
was  light  colored.  s.paTO\^\y  «.\)^\,1^^nnV0vi>^^^\^^^* 
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Centrocerous  urophasianus^  Sw.,  (sage-cook :) 
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No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

162 
176 
221 

62^3 
62225 
62224 

Juv. 

9 

July  16,1872 
July  20,1872 
Aug.     8, 1872 

15iX-- 
22x39i 
21  X35i 

North  Fork,  Idaho. 

Do. 
Henry's  Lake,  Idaho. 

Hab. — Sage  plains  of  the  northwest. 

We  found  sage-hens  quite  numerous  in  the  Salt  Lake  Basin,  thenee 
northward  to  Henry's  Lake,  also  in  the  T^tou  Basin  and  on  Snake 
River,  east  of  the  T6ton  Bange. 

• 

Pedioecetes phasianellu^,  Baird,  (sharp-tailed  grouse:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

144 
145 

61793 
61792 

Juv. 
Juv. 

July     2, 1872 
July     2, 1872 

6ixm 
6iX  12i 

Port  Neuf  River,  Idaho. 
Do. 

Hab. — Northern  prairies  and  plains,  from  Wisconsin  to  Cascades  of 
Oregon  and  Washington. 

W^e  met  with  this  species  at  Port  Neuf  Biver,  thence  north  to  Fort 
Hall  and  Snake  Biver. 

BoiMsa  umbelltiSj  var.  umbelloideSj  Baird,  (gray  mountain  grouse :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Moasurc- 
mouts. 

Locality. 

188 
2HS 
29f) 

62353 
^354 
62355 
62356 
62357 

Juv. 

Juv. 
Juv. 

July  24,1872 
Sept.  27, 1872 
Sept.  28, 1872 
Sept.  30, 1872 
Sept.  30, 1872 

16    X  22 
12J  X  20 

T<5tou  CaQon,  Idaho. 
First  T6ton  Lake,  Wyo. 
Do. 

292 
293 

14^  X  21i 
14f  X  221 

Snake  River,  Wyo. 
Do. 

Hab. — ^Bocky  Mountain  region. 

This  western  race  of  our  eastern  ruffled  grouse  (B.  timbellns)  was  not 
an  abundant  species,  though  it  was  found  throughout  the  pine  forests 
from  T6ton  Canon  to  the  Yellowstone. 


Order  8.— GRALLJE,  WADING  BIRDS. 
Family  53.— CnARADRiiD^,  the  Plovers. 
^gialitis  vociferus,  Cassin,  (killdeer:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

89 
250 

61645 
62362 

9 

June  17,1«72 
Aug.  26.1872 

9i  X  201 
m  X  lUi 

Salt  Lake,  Utah. 

Lower  Geyser  Basin,  Wyo. 

Hab. — ^North  America  to  the  Arctic  regions ;  Mexico,  South  America. 
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The  killdeer  was  one  of  the  few  birds  that  were  common  all  along 
our  route.  They  were  very  numerous  about  Salt  Lake  and  in  the  Gey- 
ser Basin.  At  the  latter  place  they  were  in  perpetual  fear  of  the  marsh- 
hawks,  [Circt^  hudsoniuSf)  which  made  great  havoc  among  them. 

Family  55. — Scolopacid^,  the  Snipes. 
Gallinago  wilaoniij  Bonap.,  (English  snipe:) 


No. 

Catalogae- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

312 

62370 

S 

July   9,1872 

9x16 

Fort  Ellin,  Mont. 

Hab. — Entire  temperate  regions  of  North  America. 
Actodromus  hairdiiy  Cones.,  (Baird's  sand-piper :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

249 

62361 

9 

Aug.  28, 1872 

7xl5t 

Lower  Geyser  Basin,  Wyo. 

Rob, — Western  North  America ;  accidental  on  Atlantic  coast. 

The  Lower  Geyser  Basin  is  the  only  locality  where  these  birds  were 
seen.  There  I  saw  a  flock  of  about  thirty  specimens.  I  fired  into  their 
midst,  wounding  several,  only  one  of  which,  No.  249,  (62361,)  1  secured. 


Symphemia  semipalmataj  Harlt 

;.,  (willet:) 

* 

No. 

Cataloguc- 
;>  umber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

92 
110 
1615 

61639 
61638 
623r>8 

5 

June  17, 1872 
Juno  19, 1872 
July  16, 1872 

16    X30 
15i  X  27f 
15|  X  29i 

Salt  Lake,  Utah. 

Do. 
North  Fork,  Idaho. 

Hab, — Entire  temperate  regions  of  North  America;  South  America- 
While  riding  about  the  marshes  and  sloughs  near  Salt  Lake,  we  were 
generally  escorted  by  a  troupe  of  twenty  or  thirty  willets,  who  kept 
continually  flying  about  over  our  heads,  uttering  loud,  clattering  notes. 
They  would  often  dart  down  in  a  bee-line  for  our  heads,  and  when 
within  eight  or  ten  feet  of  it,  turning  suddenly  and  gracefully  to  one 
side,  they  would  rise  again  to  repeat  the  performance. 

Gambetta  melanoleiica^  Bouap.,  (tell-tale :) 


No. 


235 


Catalogue- 
number. 


Sex. 


62360 


Date. 


Ang.  23, 1872 


Measure- 
men  ta. 


14f  X25 


Locality 


Yellowstone  Lake,  Wyo. 


Hah, — Entire  tem\)eTa\iei  Te^ions  of  North  America ;  Mexico. 
The  tell-tale,  or  «^lo\\ei-^w\\)^^  ^^'s*  n^\^  ^T^xvv^axsl  qw  the    shores  of 
Yellowstone  Lake. 


i 


GEOLOGICAL  SUBVEY  OF  THE  TEBRIT0BIE8. 

Tringoides mactUariuSj  Gray,  (spotted  sand-piper:) 


Hah. — Entire  temperate  North  America ;  Europe. 
Numeiiius  hngirostru^  Wilson,  (long-billed  curlew :) 
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No. 

Catalogue- 
.  number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

173 

62359 

i 

July  18, 1872 

8lXl3i 

North  Fork,  Idaho. 

No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

107 

61640 

— 

Juno  19, 1872 

22ix40 

Salt  Tiake,  Utah. 

Hah. — The  entire  temperate  regions  of  North  America. 

On  the  24th  of  June  I  saw  a  nock  of  fifty  curlews  near  Bear  Biver. 
It  was  a  rainy  day,  and  tbey  were  running  about  among  the  sage-brush, 
(artemisia.)  Upon  my  near  approach  they  took  to  wing,  and  after  cir- 
cling about  for  a  few  minutes  settled  down  again.  They  were  quite 
common  at  Salt  Lake,  and  north  to  the  North  Fork  of  Snake  Biver. 


Family  56.— Phalabopodid,^,  the  Phalabopes. 
Phalaropxis  toiUoniij  Sab.,  (Wilson's  phalarope :) 


No. 

Catalogue- 
numl^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

105 
140 

61647 
61795 

9 

Juno  19, 1872 
June  30, 1872 

9|Xl7i 
9    Xl5i 

Salt  Lake,  Utah. 
Marsh  Creek,  Idaho. 

Hob. — Entire  temperate  regions  of  North  America ;  New  Mexico,  (Dr. 
Henry.) 

Family  57. — ^Beoubyibostbid^,  the  Ayosets  and  Stilts. 
Beourvirostra  americana^  Gm.,  (American  avoset :) 


No. 

Catalogue- 
numl^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

104 
108 

61641 
61642 

$ 

June  19, 1872 
June  19, 1872 

17ix29i 

18ft  X30f 

Salt  Tiake,  Utah. 
Do. 

Hab. — All  of  temperate  North  America ;  Florida,  (Mr.  Wiirdemann.) 
Avosets  were  quite  namerous  about  Salt  Lake,  thence  northwest  \k^ 

the  North  Fork,  opposite  the  Crater  Buttes.    In  \i«JBv\»^  XJass^  x^^«ai^<^ 

the  willet;  fSymphemia  semipalmata.) 
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Himantopus  nigricollia^  Vieill,  (black-necked  stilt:) 


No. 

Catalogue- 
number. 

8ex^ 

Date. 

Measure- 
ments. 

Locality. 

103 
106 

61644 
61643 

9 
9 

June  19, 1872 
June  19, 1872 

14i  X  26S 
141X27 

Salt  Lake,  Utah. 
Do. 

Eah. — United  States  generally. 

We  procured  the  eggs  of  this  species  on  the  17th  of  June  at  Salt 
Lake.  They  were  four  in  number,  and  were  laid  on  a  pile  of  drift-wood, 
in  the  edge  of  a  little  bay  of  the  lake.  The  eggs  measure  If  inches  in 
length  by  ly\  in  breadth,  and  are  of  a  light  yellowish  brown  color, 
spotted  and  blotehed  with  dark  brown  and  black,  the  spots  being  most 
numerous  near  the  large  end. 

Family  58.— Gruid-^:,  the  Cranes. 
Oru8  canademisy  Temm,  (sand-hill  crane :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

219 

62369 

9 

Aug.   6,1872 

47x88 

North  Fork,  Idaho. 

Hab. — Whole  of  western  regionsof  United  States ;  Florida. 

Sand-hill  cranes  were  first  met  with  on  North  or  Henry's  Fork,  thence 
north  to  Yellowstone  Lake,  and  south  to  Snake  Eiver,  below  Jackson^s 
Lake.  They  were  quite  numerous  in  all  this  region,  but  as  they  were 
very  shy  it  was  difficult  to  obtain  a  shot  at  them. 

Family  07. — Rallid^,  the  Eails. 
Porzana  Carolina,  Yieill,  (common  rail:) 


No. 


Catiilogno- 
iiumber. 


79 


61646 


Sex. 


Date. 


June  15, 1872 


Measure- 
ments. 


Locality. 


9x  l^ 


Ogden,  Utah. 


Hab. — Entire  temperate  regions  of  North  America. 

Eails  were  quite  common  in  a  marsh  at  the  foot  of  the  Wahsatch 
Eange.  Here  I  secured  one  specimen,  No.  79,  (G1G46,)  and  two  nests, 
Nos.  37  (10303)  and  38,  (1030-1.)  The  nests  are  hirge  and  bulky,  and 
were  placed  in  a  clump  of  flags  in  a  swamp.  Tbey  are  composed  of 
marsh-grass,  and  contain  twelve  drab-colored  eggs,  spotted  with  choco- 
late and  reddish  brown. 
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Sub-Class  3.— NATATORES,  THE  SWIMMERS. 

Order  9.-LAMELLIR0STRES,  ANSERINE  BIRDS. 

Family  69.— ANATiD-ffi. 
(Sab-family  Cyffnirujc^  the  Sicans,) 
CygntisbnccinatoTy  Bich.,  (trumpeter-swan :) 


No. 

Catalogao- 
number. 

Sex. 

Pate. 

Measure- 
meats. 

Locality. 

284 

62367 
62368 

^ 
<? 

Sept.  23, 1872 
Sept.  23, 1872 

Snake  ISiver,  Wyo. 
Do. 

285 

Hab. — Western  America,  from  the  Mississippi  Valley  to  tbe  Pacific. 
These  large  and  beautiful  birds  were  only  met  with  on  Snake  River, 
in  the  vicinity  of  Jackson's  Lake. 

(Sub-family  AnatinWj  the  Biverducks.) 
Anas  hoschasj  Linn.,  (mallard :) 


No, 


164 
166 


Catalogue- 
number. 


62364 
62365 


Sex. 


Jnv. 
Jnv. 


Date. 


July  16, 1872 
July  16, 1872 


Moasure- 
nieuts. 


lUX    6i 
16|  X  lU 


Locality. 


North  Fork,  Idaho. 
Do. 


Hah. — Entire  continent  of  North  America  and  greater  part  of  Old 
World. 


Dafila  omenta,  Jenyns,  (sprig-tail;  pin-tail:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

260 

62366 

9 

Sept  7, 1872 

23^X27 

Shoshone  Lake,  Wyo. 

Hah. — ^Whole  of  North  America  and  Europe. 
Querquedula  cyanopterus^  Cassin,  (red-breasted  teal:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

109 

61648 
61649 

June  19, 1872 
1872 

16ix25i 

Salt  Lake,  Utah. 

Hob. — Rocky  Monnfains  to  Pacific;  acc\A^nt«\\Ti\^\SL\sv»2Ck».* 

I  found  the  ueat^No.  55,  (16321)— of  th\»  specvea  o\i  ^\v^  "i^^^iXsL  oli  ^^KK^^^ 
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at  Marsh  Creek,  Idaho  Territory*.    It  was  iu  the  swamp-grass,  was  lined 
with  down,  and  contained  nine  eggs. 


Ckaulelasmus  streperaa^  Gray,  (gad wall:) 

No. 

Catalogue- 
uuiubcr. 

Sex. 

Date. 

Measure- 
men  to. 

Locality. 

159 

62363 

9 

July  15,1872 

19|x33i 

Market  Lake,  Idaho. 

Hah. — North  America  generally,  and  Europe. 

On  the  29th  of  June  I  found  the  nest  of  this  bird  at  Marsh  Greek. 
It  was  lined  with  down,  and  contained  three  fresh  eggs. 


Order  11.— LONGIPENNES,     LONG-WINGED     SWIM- 

MERS. 


Family  76. — LARiDiB,  the  Gulls. 
(Sub-family  StemincBj  the  Terns,) 


Sterna  foster i,  Nuttall,  (Foster's  tern:) 


No. 

Catalogue- 
numbor. 

Sex. 

1 

Date. 

Measure- 
mento. 

Locality. 

141 

61767 
61768 

9 

June  30, 1872 
Juue  30, 1872 

Marsb  Creek.  Idaho. 

142 

Do. 

Hah, — North  America  generally. 


O  O  L  O  a  Y  . 

Sub-class  I.— INSESSORES,  THE  PERCHERS. 

Order  I.— PASSERES. 

(Section  OSCINES,  SINGERS.) 
Family  1. — Turdid^e,  the  Thrushes. 
Turdus  sicainsonii^  Cab.,  (olive-backed  thrush :) 


J..      '  Catalo^ue- 
'  .     miiiiber. 


62 


1631G 


Date. 


Eggs  iu 
nest. 


Locality. 


Jvily  21,1872 


\  'I 


2      T(jtouBai3in,  Idaho. 


Remarks. 


Eggs  fresh. 


This   nest  was  iowwOi  o\\  vv  vi^^vi  o-oXXovi-^wi^  ^'k^\\\'^^  '^swxs^^w^  si^^st 
branches  of  a  pme  tree,  oix  tV^  «^^^  ^^  ^  ^^\i^\^%  W-^'^^  ^^w^^^n^  Sm^s. 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 


705 


above  the  groand,  and  was  composed  of  dry  grass,  lined  with  finer  stalks 
of  the  same.  Its  measurements  were  as  follows:  Depth, outside,  5.50 
inches;  inside,  2  inches:  diameter,  outside,  3.75  inches;  inside,  3  inches. 

Turdtis  a^idtibonii,  Baird,  (Audubon's  thrush :) 


No. 

Catalogoe- 
naml>er. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

67 

16320 

Jnly  16,1872 

3 

Fort  Ellis,  Mont 

Eggs  fresh. 

• 

This  nest  was  situated  in  a  small  pine-tree  about  eight  feet  from  the 
ground,  in  the  pine  regions  of  the  mountains.  I^est  bulky,  deeply  saucer- 
shaped,  measuring  6  inches  in  external  diameter  by  3  in  depth ;  cavity, 
3  inches  broad  by  about  1.75  deep.  Composed  of  green  moss  and  lined 
with  fine  grass-leaves.  Eggs,  three  in  number,  broadly  ovate,  obtuse ; 
measurement,  .85  inch  in  length  by  .72  in  breadth ;  their  color  is  a  rather 
deep  greenish  blue,  exactly  like  those  of  T.  migratorim. 

Oaleoscoptes  caroUnefisiSj  Gray,  (cat-bird :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

r>9. 

16310 

June  18, 1872 

-» 

5 

Oflrdon,  Utah 

Eggs  nearly -flresh. 

See  page  — . 

OreoHcopicH  montanuSj  Baird,  (mountain  mocking-bird  :) 


^r        Catalognt;- 

^    *  1     number. 

1 

Date. 

9 

Eggs  in 
nest. 

Locality. 
Salt  Lake,  UtAh 

Remarks. 

1 
t>6  i          ir.296 

June  10, 1872 

4 

Eggs  fresh. 

• 

See  page  — . 

Family  9.— Sylvicolid^,  the  Wood- warblers. 

Mr 

GeotMypls  trichis.  Cab.,  (Maryland  yellow-throat:) 


No, 

Catalogue-           j^^ 

1 

EggHin 
nest. 

Locality. 

Remarks. 

44 

16;J08    •  June  17, 1872 

4 

Garden,  Utah 

Eggs  fresh. 

See  page  — . 

Dendroiea  ce^thm^  Baird,  (yellow  warbler:) 


y       Catalogne- 
numl^r. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

24             16294 

1 

June  8,1872 

4 

Ogden,l3ta\\ 

X'E.^^g^lTOi^. 

See  page  — . 

45  G  8 
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Family  10. — Hirunbihid^  the  Swallows. 
Hirundo  luni/rons,  S^y.,  (cliff  swallow :} 


No. 

Catalogue- 
number. 

Date. 

Egg»iQ 
nest. 

Locality. 

Remarks. 

08 

10312 

July  3,  1872 

2 

SoflB  Fork,  Idaho 

Eggs  fresh. 

See  page  — . 

Cotyle  ripariaj  Boil.,  (bauk  swallow :) 


No. 

Catalogue- 
number. 

Date. 

Kg£^in 
nest. 

• 

Locality. 

Remarks. 

25 

16295 

Juno  10,  1872 

7 

Salt  Lake,  Utah 

Eggs  fresh. 

See  page  — . 

Family  16. — Fringillid^,  the  Sparrows. 
Pooecetes  gramineuSj  var.  confiniSj  Baird,  (grass  finch :) 


V    I  Catalogne- 
*    *  I     number. 


10 


2:^ 


16281 
16282 


Date. 


June  5,  1872 
June  8,  1872 


Eggs  in 
nest. 


4 

4 


Locality. 


Ogdeu,  Utah 
do 


Remarks. 


Eggs  contained  large 
embryos. 
Do. 


See  page  — . 

CoturniculuH  paaserinus^  Bonap.,  (yellow-winged  sparrow  :) 


No. 

Catalogne- 
u  umber. 

16280 

Date. 

^S!"        ^-^^y- 

Remarks. 

Juno  5,  1872 

4 

Oirden,  Utah 

Eggs  fresh. 

I  found  this  nest  on  the  ground,  by  the  side  of  a  sage-bush.  It  was 
very  light,  being  carelessly  constructed  of  fibrous  roots  and  grasses, 
lined  with  finer  pieces  of  the  same.  It  measured  4.35  inches  in  externai 
diameter,  and  contained  four  white  eggs,  spotted  with  reddish  brown. 

Chondcstes  grammaca^  Bonap.,  (lark-finch  :) 


No. 


Catalogue- 
number. 


22 
65 


16292 
IG 


Date. 


293    \ 


June    7,1872 


Eggs  in 
nest. 


Locality. 


5 


Ogden,  Utah 


June\G,\^^\ \ do 


\ 


Remarks. 


Eggs  fresh. 


See  page  — . 
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No. 

Catalogoe- 
nnmber. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemarks. 

61 

16315 

July  21, 1871 

3 

Conant  Creek,  Idaho. 

Nearly  fresh. 

I  foand  bat  one  nest  of  Brewer's  chipping  sparrow.  It  was  placed 
^n  a  sage-bmsh  about  one  foot  above  the  ground,  and  was  composed 
entirely  of  the  stalks  of  dry  grass,  lined  with  finer  pieces  of  the  same. 
!ts  external  diameter  measures  2.80  inches  by  2.30  in  depth;  inside, 
I  inches  broad  by  1.60  deep.  The  eggs  are  greenish  blue,  spotted  witti 
chocolate  brown,  the  spots  being  most  numerous  at  and  forming  a  ring 
tround  the  large  end. 


Melmpiza  fallaXj  Baird,  (mountain  song  sparrow :) 

No. 

Catalogoe- 
nnmber. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemarks. 

34 

16301 

Jane  13, 1872 

4 

Ofirden,  Utah 

Eggs  oontainedlarge 
embryos. 

See  page  — . 

PiusereUa  schistcLcea^  Baird,  (slate-colored  sparrow :) 


No. 

Catalogae- 
number. 

Date. 

Eggs  in 
•nest. 

Locality. 

Bemarks. 

16 

10290  ' 

Jane  0, 1872 

0 

Offden,  Utah 

Eggs  fresh. 

This  nest  was  found  on  a  bush  in  a  marsh,  about  six  feet  above  the 
pN>and.  Jt  was  composed  of  dry  swamp-grass,  covered  on  the  outside 
irith  dead  leaves,  with  here  and  there  a  little  green  moss.  It  was  cup- 
ihaped,  very  compact,  and  was  lined  with  fine  stalks  of  dry  grass  and 
lair.  It  measured  about  4.25  inches  in  external  diameter  by  2.75  deep, 
it  was  1.90  inches  deep  inside  by  2.30  broad.  The  eggs  were  U^t 
p:«enish  blue,  spotted  and  blotched  all  over  with  dark  brown. 

Chnraca  melanocephala^  Sw.,  (black-headed  grosbeak :) 


No. 

Catalogae- 
nomber. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemarks. 

68 

16317 

July  22, 1872 

2 

T^ton  Basin,  Idaho. . . 

Eggs  fresh. 

See  page  — . 

Cyanospiza  amcetia^  Baird,  (lazuli  finch :) 


No. 

Catalogae- 
nnmber. 

Date. 

Eggs  in 
nef>t. 

Locality. 

Bemarks. 

8 

10283 
10284 
16285 

Jane   5, 1872 
June   5, 1872 
June  14, 1872 

3 
4 
4 

Oirden,  Utah 

Eggs  fresh. 
Do. 

9 

do • 

35 

do 

Eggs  contained  small 
embryos. 

Seepage — . 
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Pipilo  megalanyxy  Baird,  (spurred  towkee :) 


No. 

CatAlogue- 
D  umber. 

Date. 

EggBin 
nest. 

Locality. 

Remarka. 

31 

16299 
16300 
16302 

Jane  13,  l(f72 
June  13,  1872 
June  14, 1872 

4 

5 
4 

Ofirden.  Utah 

Eggs  nearly  fresh. 
Eggs  fresh. 
Do. 

32 

......do .............. 

36 

do 

See  page  — . 

Family  18.^Ioterid^,  the  Orioles. 
(Sub-family  Agelaunw^  the  Starlings.) 
Xanthrocephalm  icterocephaluSy  Baird^  (yellow-headed  black-bird.) 


No. 

Catalogue- 
nomber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

57 

• 

16311 

June  30, 1872 

3 

Marsh  Valley,  Idaho ... 

See  page  — . 

Stumella  neglacta,  Aud.,  (western  lark:) 


No. 


Catalogue- 
number. 


21 
43 


16277 

16278 
ia379 


Date. 


Eggs  in 
nest. 


Locality. 


June    5, 1872 

June    7,1872 
June  15, 1872 


6 


Ogden,ntah 

do.... 

do 


Remarks. 


Esgs     contained 
lar^  embryos. 
Do. 
Do. 


See  page  — . 

(Sub-family  Icterince.) 
Icterus  hullockii,  Bonap.,  (western  oriole:) 


No. 


3 
12 
13 
11 
17 
19 
29 
30 

33 
40 
41 
45 
46 
47 
48 


Ciitaloj^uc- 
D  umber. 


Date. 


E^'gsin 
iiest. 


162GI 
l()2r)2 
1G2«>3 
1G264 
10205 
16!200 
10267 
16208 
102()9 

16270 
10271 
10272 
10273 
1()274 
10275 
1027G 


June 
June 
June 
June 
Juno 
June 
June 
Juno 
June 


5, 1H72  1 
5, 1872 
6,1872 
0, 1872 
0, 1872 
6,1872 
7, 1872 
12, 1872 
12, 1872 

13, 1872 
15,  lvS72 
15, 1H72 
17,1872 
17, 1«72 
17, 1872 


6 
6 
4 
5 
4 
4 
6 
5 
6 


5 
5 
3 
1 
3 
St 


Locality. 


Ogden,  Utah 
do  . . 


do 
do 
do 
do 
do 
do 
do 

do 
do 
do 
do 
do 
do 
.do 


Remarks. 


[ 


Eggs  nearly  fresh. 

Eggs  fresh. 

Eggs  nearly  fresh. 

Eggs  fresh. 

Do. 
Eggs  nearly  fresh. 
Eggs  fresh. 
Eggs     contained 

large  embryos. 
Eggs  frt-^h. 

Do. 

Do. 

Do. 

Do. 

Do. 
Eggs     contain^ 
^'vxva.ll  embryos. 


See  page  — . 
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(Sab-family  QutsoaUnaSy  ike  Craw  hlack-hirds.) 
Sooleoophagus  oytmocephalusj  Gab.,  (Brewer's  black-bird :) 


No. 

Gotologue- 
nnmber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

66 

16319 

June  15, 1672 

Oiwlftn,  Utah .... 

Eggs  nearly  fresh. 

See  page  — . 

(Section  ClamatareSy  crying  birds.) 

Family  23. — ^Tyeannidje,  the  Tyb^jit  Fly-catchebs. 
Tyrannis  carolinensis^  Baird,  (king-bird:) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemarks. 

60 

16314 

July  14, 1872 

3 

Snake  Biver,  Idaho .... 

Eggs  fresh. 

See  page  — . 

Tyrannus  verticaliSj  Say,  (Arkansas  fly-catcher :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemarks. 

11 

16286 
16287 
16288 
16289 

June    5, 1872 
June    6,1872 
June  28, 1872 
June  28, 1871 

4 

1 
2 

4 

Oirden,  Utah 

Eggs  fresh. 
Do. 

15 

do 

53 
54 

Devil's  Creek,  Idaho  .. . 
do  ............... 

Do. 
Eggs  nearly  ready 
to  hatch. 

See  page  — . 

JEmpidonax pusiUuSy  Gab.,  (little  fly-oatcher :) 


No. 


39 
50 
41 


Catalogue- 
number. 


16305 

16306 
16307 


Date. 


June  15, 1872 
June  17, 1872 
June  17, 1872 


Eggs  in 
nest. 


Locality. 


3 
4 
4 


Ogden,  Utah. 

do 

do 


Bemarks. 


Eggs  fresh. 
Do. 
Do. 


See  page  — . 


Order  II.-STRISORES. 


Family  32. — Gapbimulgidjb:,  the  Ooat-suoeebs. 
Antrostomus  nuttalliy  Gassin,  ( poor  will :) 


No. 


28 


Catalogue- 
number. 


16296 


Date. 


June  12, 1872 


/ 


/ 


Eggs  in 
nest. 


Locality. 


Bemarks. 


Ogden ,  Utah ^  ^^S2^       ^/cpc&«vTisA. 


See  page  — .  • 


A  ^¥ 


^Mw- 


\i\^Q». 
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Order  IV.— RAPTORES,  THE  BIRDS  OF  PREY. 

Family  40.— SxBiGiD^y  THB  Owius. 
Athene  hypugcea^  Bonap.,  (prairie-owl :) 


No. 

Gatalogae- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Bemmrks. 

27 

16297 

* 

June  10,1872 

• 

Salt  Lake,  Utah 

See  page  — . 


Family  41.— Faloonid^. 


(Sab-fii>mily  ButeanincBj  9ie  Buzzard-hawks.) 
Buieo  swainsoniij  Bonap.,  (Swainson's  hawk:) 


Ifo. 

Catalogne- 
DamMr. 

Date. 

Eggs  in 
nest. 

Looality. 

Remarks. 

59 

16313 

July     9, 1872 

1 

Fort  Hall,  Idaho ... .... 

Egg  decayed. 

See  page  — . 


Order  V.— PULLASTR^. 


Family  43. — Colxjmbidje,  the  Pigeons  and  Doves. 
Zenaidura  carolijiensiSj  Bouap.,  (common  dove :) 


No. 


Catalogue- 
number. 


18 


2<) 
42 


16256 
16257 
16258 
16291 

12259 
12260 


Date. 


June  5,1872 

June  5, 1872 

June  5,1872 

June  7,1872 

Juno    7, 1872 
June  15,1872 


Eggs  in 
nest. 


2 
2 
2 
2 

2 
2 


Locality. 


Ogden,  Utah 

do 

do 

do 


do 
do 


Remarks. 


Eggs  fresh. 

Do. 

Do. 
Eggs       contained 

uirge  embryos. 
Egffs  fresh. 


Mourning  or  ground  doves  were  very  numerous  in  the  Salt  Lake  Val- 
ley, where  1  collected  twelve  of  their  eggs.  They  lay  two  white  eggs. 
either  in  a  slight  excavation  in  the  ground  lined  with  a  few  pieces^ 
straw  or  dry  grass  laid  loosely  together,  or  in  a  neat  nest  of  fibroos 
roots,  which  is  placed  on  a  bush  from  two  to  five  feet  above  the  ground.  ! 
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Sub-Class  II.— CUBSOBES. 

Order  VI.— GALLINiE. 

Family  49. — Teteaonid-SJ,  the  Gbouse. 
Tetrao  richardsoniiy  Baird,  ( Bichardson's  grouse :) 


No. 

Catalogne- 
nnmber. 

• 

Date. 

Eggs  in 
nest. 

*    Locality. 

Remarks. 

64 

16318    ;july  —,1872 

j 

1 

T^ton  Caf&on,  Idaho 

Egg  stale. 

See  page  — . 

Order  VIII.— GRALL^. 
Family  57. — Reoubvirosteidje,  the  Avosets  and  Stilts. 
Himantopus  nigricolliSj  Vieill,  ( black-necked  stilt :) 


No. 

Catalogne- 
n  umber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

49 

16309 

June  17, 1872 

4 

Salt  Lake,  Utah 

Eggs  fresh. 

See  page  — . 

Family  67. — Rallid^,  the  Bails. 
Porzana  earolinay  Vieill,  (common  rail :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

37 

16303 
16304 

June  15, 1872 
June  15, 1872 

12 

8 

Oflrden.  Utah 

Egffs  contained 
large  embryos. 

One  young  bird  in 
nest. 

38 

do 

See  page  — . 


Sub-class  UI.— NATATORfiS,  THE  SW^IMMERS. 

Order  IX.— LAMELLIROSTRES. 

Family  69.— ANATiDiB. 
(Sub-family  AnatincBy  tlie  River-ducks.) 
Querqfltedula  cyanopterusj  Gassin,  (red-breasted  teal :) 


No. 


55 


Catalogne- 
namber. 


16321 


Date. 


Eggs  in 
nest. 


June  29, 1872 


Locality. 


Marsh  Creek,  Idaho... 


Remarks. 


Eggs      contained 
&ri 


rge  embryos. 


See  page  — . 
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Chaulelasmexis  streperusj  Gray,  ( gad  wall :) 


No. 

Catalogiie- 
iinmbur. 

Date. 

Eggs  in 
uest. 

Locality. 

56 

1(>322 

June  29, 1>«'2 

3 

Marsh  Creek,  Idaho .... 

Eggs  fresh. 

See  page  — . 


Liitt  of  birds  found  in  Tdton  Basin  and  Camn^  Idaho  Territory ^  ^^y^  1872. 

[This  list  is,  of  course,  very  imperfect,  owing^to  the  short  time  we  . 
spent  iu  the  basin ;  yet  it  will  serve  to  give  some  idea  of  the  birds  found 
in  that  region.] 

Oreoscoptes  montanus^  Baird.    Monutain  mocking-bird. 

Tardus  migratorius^  Linn.    Common  robin. 

Sialia  arvtica,  Bwainson.    Rocky  Monntain  bluebird. 

Regulus  calendula^  Licht.    Ruby-crowned  wren. 

Farus  montanus,  Gambel.    Mountain  titmotise. 

Vireo  gilvus  var.  swainsoni,  Baird.    Western  warbling  greenlet. 

Fyranga  ludoviciana^  Bouap.    Louisiana  tanager. 

Carpodamis  cassinii^  Baird.    Cassin's  purple  finch. 

Chrysomitris  pinus,  Bonap.    Pine-tinch. 

Fooecetes  gramineus^  var.  conjinisy  Bd.    Grass-finch. 

Junco  oregonus,  Sclat.    Pink-sided  snow-bird. 

Fipilo  chlorura^  Baird.    Green-tailed  finch. 

Eremophlla  eomuia^  Boie.     Horned  sky-lark. 

Sturnella  neglecta^  And.     Western  meadow-lark. 

Cijanura  miurolopha,  Baird.    Long-created  jay. 

Ferisorem  canadensi^^  Bonap.     Gray  jay. 

Corvus  carnivorous^  Bartram.    American  raven. 

Tgrannus  mroUnensis,  Baird.     Kingbird. 

Confopiis  borealisy  Baird.    Olive-sided  tly-catcher. 

Contopus  ricJuirdsoniij  Baird.     Short-legged  pewee. 

Empidonax  pusill^Sy  Cab.     Little  fly-catcher. 

Ceryle  alcyon^  Boie.     Belted  king-livsher. 

Chordciles  henryii,  Cassiii.     Western  night-hawk. 

Ficufi  harrisii,  And.     Ilarris's  woodpecker. 

Buteo  montanus,  Nuttall.    Western  red-tail. 

Tetrao  olmmrm,  var.  richarsonii.    Richardson's  grouse. 

Ccntroccreus  nrophoManus^  Sw.     Sage-cock. 

Bonasa  umhdlus^  var.  umbcUoideSj  Baird.    Gray  mountain  grouse. 


JAst  of  birds  found  in  Fire-Hole  Basin,  Wyotning  Territoryy  Augvstj  1872. 

[Tiiis  list,  like  the  preceding,  and  for  the  same  reason,  is  very  imper- 
fect, and  will  admit  of  many  additions.] 

Turdus  mifjfratoriiw,  Lluw.    Common  robin. 
JSialia  arciiva^  Sw.    llcK'iky  ^\v^\\\\V^vji\A\x^->wvtvJi.. 
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Farus  niontanus^  Gambel.    Mountain  titmouse. 
Myiodioctes  pusillus^  Bonap.    Green  black-cap  warbler. 
Hirundo  horreorum^  B:«rton.     Barn  swallow. 
Fooecetes  gramitwm,  var.  confinis,  Baird.    Grass-fLnch. 
Chondestes  grammaca^  Bonap.    Lark-finch. 
Junco  oregontM,  Sclat.    Pink-sided  snow-bird. 
Carpoducus  cattsinii^  Baird.    Gassin's  purple  finch. 
Chrysamitris pinuSj  (?)  Bonap.    Pine- finch. 
Scolecophagus  cyanocephalus.    Brewer's  blackbird. 
Cyanura  mac^'olopha^  Baird.    Long-crested  jay. 
Ferisoreus  canddennis^  Bonap.    Gray  jay. 
Ficicorvus  columhianuSj  Bonap.    Clark's  crow. 
Corvus  camivorusy  Bartrani.    American  raven. 
Tyrannus  caroUiiensis^  Baird.    King-bird. 
Empidonax  pusilluSj  Gab.    Little  fly-catcher. 
Ceryle  alcyon^  Boie.    Belted  king-fisher. 
Chordeiles  lieiiryii^  Cassin.     Western  night-hawk. 
Fkus  harrmiy  Audubon.    Harris's  woodpecker. 
Ficoides  arcticusy  Gray.    Three-toed  woodpecker. 
Ficoides  dorsaliSj  Baird.    Striped  three-toed  woodpecker. 
Accipiter  fu8Cti8y  Bonap.    Sharp-shinned  hawk. 
Btiteo  swainsaniiy  Bonap.    Swainson's  hawk. 
Circus  hudsonius,  Yieillot.    Marsh  harrier. 
Spizella  aocialisj  Bonap.    Chipping  sparrow. 
JSitta  aculeatUy  (3assin.    Slender-billed  nuthatch. 
Gru8  eanadensiSj  Temm.    Sandhill  crane. 
JEg^ialitis  vociferuSy  Cassin.    Killdeer. 
JEtodromuH  bairdiiy  Cones.    Baird's  sand-pix>er. 
Bemicla  catuidensiSj  Boie.    Canada  goose. - 
Felecanus  eryihrorhynchusy  Gm.    American  pelican. 


List  of  tlie  birds  found  in  Utah  Territory. 

(Note. — ^The  following  list  embraces  all  the  species  known  to  have 
oeen  taken  within  the  limits  of  the  Territory  of  Utah.  For  some  of 
them  I  am  indebted  to  Mr.  Allen,  Mr.  Henshaw,  and  Mr.  Bidgway.) 


1.  Turdus  pallasi. 

2.  Turdus  swainsonii. 

3.  Turdus  audubonii. 

4.  Planesticus  migratorius. 

5.  Galeoscoptes  carolineusis. 

6.  Oreoscoptes  montanus. 

7.  Cinclus  mexicanus. 

8.  Sialia  arctica. 

9.  Eegulus  calendula. 

10.  Parus  montanus. 

11.  Parus  septentrionalis. 

12.  Campylorhynchus    brunneica- 

pillus. 

13.  Catherpes  mexicanus.  . 

14.  Salpinetes  obsoletns. 

15.  Cistothorns  palustris. 
10.  Troglodytes  parkmanni. 


17.  Anthus  ludovicianus. 

18.  Geothlypis  trichas. 

19.  Geothlypis  macgillivrayi. 

20.  Icteria  longicauda. 

21.  Helminthbphaga  ruficapilla. 

22.  Helminthophaga  celata. 

23.  Dendroica  audubonii. 

24.  Dendroica  blackburniffi. 

25.  Dendroica  s&stiva. 

26.  Myiodioctes  pusillus. 

27.  Setophaga  ruticilla. 

28.  Hirundo  horreorum. 

29.  !Petrochelidon  lunifirons. 

30.  Tachycineta  bicolor. 

31.  Tachycmet&tVi'aX^df^sa^a^ 

32.  Cot'jle  iiv\>«nab> 

33.  Ste\gvAo^\«5^^  ^to:^^"^^^ 
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34. 

Vireo  swainsonii. 

87. 

GontopasyirenSjVar.  richard 

35. 

Vireo  olivaceiis. 

sonii. 

36. 

Vireo  plumbeus. 

88. 

Empidonax  pnsillas. 

37. 

Ampelis  cedroram. 

89. 

Empidonax  difficilis. 

38. 

CoUurio  excabitoroides. 

90. 

Empidonax  bammondlL 

39. 

Pyranga  ludoviciana. 

91. 

Empidonax  obscurus. 

40. 

Carpodacus  casainii. 

93. 

Ceryle  alcyon. 

41. 

Carpodacus  frontalis. 

93. 

Antrostomiis  nnttalli. 

42. 

Chrysomitris  tristis. 

94.  Ghordeiles  henryi. 

43. 

Chrysouiitris  psaltria. 

95. 

Trochilus  alexandn. 

44. 

Chrysomitris  piuas. 

96. 

Selasphoras  platyceroas. 

45. 

Leucosticte  tephreotes. 

97. 

Picns  harrisii. 

40. 

Passerculas  alaudinas. 

98. 

Spbyropicas  nnchalis. 

47. 

Pooecetes  gramincas,  var,  con- 

99. 

Sphyropicns  wiUiamsonii. 

fiuis. 

100. 

Spbyropicas  tbyroideas. 

48. 

Coturniculas  pasaerinos. 

101. 

Melanerpes  torqaatns. 

49. 

Chondestes  grammaca. 

102. 

Golaptes  mexicanas. 

50. 

ZoDotrichia  leucophrys. 

103. 

Otos  wilsonianos. 

61. 

ZoDotrichia  gambelii. 

104. 

Athene  hypngsea. 

62. 

Junco  oregonns. 

105. 

Falco  peregrinas. 

53. 

Junco  caniceps. 

106. 

Ffypotriorchis  colnmbarias. 

54. 

Poospiza  bilineata. 

107. 

Tinnuucnlas  span^erias. 

55. 

Poospiza  belli. 

108. 

Accipiter  fuscus. 

56. 

ISpizella  socialis. 

109. 

Buteo  swainsoni. 

57. 

Spizella  breweri. 

110. 

Bnceo  montanas. 

58. 

Melospiza  fallax. 

111. 

Archibnteo  sancti-johannis. 

59. 

Melospiza  lincolDii. 

112. 

Circns  hndsonius. 

60. 

Passerella  scliistaeea. 

113. 

Aqnila  canadensis. 

61. 

Calamospiza  bicolor. 

114. 

Halisetas  leacocephalus. 

62. 

Calamospiza  melanocephala. 

115. 

Gatbartes  anra. 

63. 

Cyanospiza  ama?na. 

116. 

Zeuaidura  carolinensis. 

64. 

Pipilo  megalonyx. 

117. 

Tetrao  obscurus. 

65. 

Pipilo  chlornra. 

118. 

Ccntroe^rcus  uropbasia-nus. 

66. 

Passer     domesticns,     (intro- 

119. 

Pedioecetes  pbasianellus. 

duced.) 

120. 

Bouasa  umbellus,  var.  umbel 

67. 

Eremopbila  cornuta. 

loides. 

68. 

Dolicbonyx  oryzivorus. 

121. 

Ortyx    virginianus.      (Intro 

69. 

Molotbrns  pecoris. 

duced.) 

70. 

Agelaius  pbcBniceus. 

122. 

Lopbortyx  californicus.      (In 

71. 

Xantbrocephalus  icterocepha- 

troduced.) 

lus. 

123. 

Lopbortyx  gambelii. 

72. 

Sturnella  neglecta. 

124. 

T^igialitis  vociferus. 

73. 

Icterus  bullockii. 

125. 

/Rgialitis  nivosus. 

74. 

Scolecophagus  cyanocephalus. 

126. 

Gailiuago  Wilsonii. 

75, 

Corvus  carnivorus. 

127. 

Macrorbampbus  griseus. 

76. 

Corvns  arricricanus. 

128. 

Pelidna    alpina,    var    anieri 

77. 

Picicorvus  colunibianus. 

cana. 

T8. 

Gymnokitta  cyanocephala. 

129. 

Actodromua  luinutilla. 

79. 

Pica  hndsonica. 

130. 

Gambetta  melauoleuca. 

80. 

Cyanura  inacrolopba. 

131. 

Gam  bet  ta  flavipea. 

81. 

Cyaiiocitta  woodbousii. 

132. 

Triugoides  macularius. 

82. 

Perisoreus  canadensis. 

133. 

Actiturus  bartramius. 

83. 

Tyrannus  carolinensis. 

134. 

Numeuius  longirostris. 

84. 

Tyrannus  vorticaVvs. 

I  135, 

Sympbemia  semipalmata. 

85. 

Sayornis  sayns. 

\  Yi^ 

.  V\i^%,\<^^\\.'^  N^'^'^j^xvxx. 

86. 

Contopus  boreaWs. 

\\^' 

\ »  ^^\swxn\x^'s^\^  'js^^sNfe^vwftxsai^ 

GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 


715 


1«')8.  Himantopas  nigricollis. 
L'30.  Gras  cauadensis. 

140.  Ibisordii. 

141.  Ibis  alba. 

142.  Ardea  herodias. 

143.  Botaarus  lentiginosas. 

144.  Nyctiardea  grisea,  var.  nsevia. 

145.  Rallus  crepitans. 

146.  Porzana  Carolina. 

147.  Porzana  jamaicensis. 

148.  Falica  atnericana. 

149.  Gygnus  americanns. 

150.  Anser  hyperboreus. 

151.  Anser  gambelii. 

152.  Bemicla  canadensis. 

153.  Anas  boschas. 

154.  Dafila  acuta. 

155.  Nettiou  carolinen8is. 

156.  Qaerqaedula  cyanoptera. 

157.  Spatala  clypeata. 


158.  Chaulelasmas  stroperus. 

159.  Mareca  americana. 

160.  Aixsponsa. 

161.  Fulix  mania. 

162.  Fulix  affinis. 

163.  Aythya  americana. 

164.  Bacephala  albeola. 

165.  Erismatura  rubida. 

166.  Mergas  americanns. 

167.  Pelecanns  erythrorhynch  us. 

168.  Graculus  dilophus. 

169.  Larus  califomicus. 

170.  Larus  delawarensis. 

171.  Ghroicocephalus  Philadelphia. 

172.  Xema  sabinii. 

173.  Sterna  fosteri. 

174.  Golymbus  torquatus. 

175.  Podiceps  comutus. 

176.  Podilymbus  podiceps. 


4 
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COLEOPTERA. 


By  (xeo.  H.  Horn,  M.  D.,  Philadblphia. 

The  species  collected  daring  the  expedition  of  1872  are  very  few  in 
number,  and  add  scarcely  anything  to  our  knowledge  of  distribution, 
and  an  unusually  small  number  of  new  forms.  They  are  distributed  as 
follows : 


YELLOWSTONE  LAKE. 

Cincindela  12'guttata^  Dej. 
Carabus  tcedatuSj  Fab. 
Agabus,  n.  sp. 
Golymhetes  Mnotatus,  Harr. 
Gyrinus  picipeSj  Aub^. 
afflniSj  Aub6. 
Silpha  lapponiea^  Hbst. 
Canthon  simplex,  Lee. 
Diplotaxis  hrevicoUiSj  Lee. 
Melanophila  lonffipes.  Say. 
Anckistes  druryi,  Kby. 
AdeUyceraprofusUy  Gand. 
Ccelocnemis  dilaticollis,  Mann. 
Iphthimus  serratuSj  Mann. 
Tragosoma  harHsiij  Lee. 
Argaleus  nitens,  Lee. 
Criocephalus  protractus,  Lee. 

agrestis,  Kby. 
Haltica  himarginata,  Say. 

T^TON  BASIN. 

Cicindela  montana,  Lee. 


AmarapoUtaj  Lee. 
gibbuy  Lee. 
Harpalus  oblitusj  Lee. 
Diplotaxis  trisUSj  Kby. 
Silis,  n.  sp. 

Eleodes  humeraliSj  Lee. 
Canthuris  sphwricollis,  Say. 

SNAKE  EIVER. 

Platymis  deplanatus,  M^n. 
Nothopus  zabroides,  Lee. 
Harpalus  oblitusj  Lee. 
Amphizoa  lecanteij  Matth. 
Colymbetes  seminiger,  Lee. 

n.  sp. 
Dytiscus  confluenSj  Say. 
Amiceodera  mixtaj  Lee. 
Eleodes  tricostata.  Say. 
CantJiaris  nuttali,  Say. 

cyanipennis,  Lee. 
Epicauta  puncticolliSj  Mann. 

maculata,  Say. 
Chrysomela  philadelphica,  Linn. 


The  most  interesting  of  all  the  species  collected  is  Amphizoa  lecontei 
Matthews^  described  in  July,  1872,  by  Rev.  A.  Matthews,  in  a  pamphlet 
issued  by  B.  Janson,  of  London,  entitled  ''  Cistnla  Entomologica,"  p. 
121.'  It  diifers  from  our  well-known  A.  insolefiSj  Lee,  by  the  dorsum  of 
the  elytra  being  depressed  along  the  middle  from  near  the  base  to  the 
apex,  so  that  each  elytron  along  its  middle  appears  sabcostate.  Another 
species  has  been  described  by  the  same  author,  (p.  119,)  but  I  cannot 
see  any  character  by  which  it  can  be  separated  from  the  long  series  of 
A.  insolens  before  me.  It  has  been  naDied  Amphizoa  Josephu  The  two 
sexes  of  Amphizoa  do  not  differ  greatly  ;  the  antennae  of  the  male  are 
very  obsoletely  subserrate,  and  the  femal^  has  a  somewhat  broader  form 
of  body. 

Of  the  three  new  species  little  need  be  said  here.  Two  are  water- 
beetles,  and  the  family  is  now  in  process  of  revision.  The  Telephoride, 
iSiZw,  will  be  described,  with  many  other  new  forms,  in  a  forthcoming 
review  of  the  entire  group. 

It  is  rather  remarkable   that  no  representatives  of   the   families 
Histeridce,  Coccinellida^,  and   Ourculionidce  appear,  and  very  few  Te^ie- 
brionidcBj  although  the  region  has  on  other  occa^&vow^  ^veX^^^l  vssasji.^ 
representatives  of  all  these  families. 
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NOTES  ON  ORTHOPTERA. 

By  Gyrus  TnoitfAS,  Ph.  D. 

Although  the  collection  of  Orihaptera  made  last  season  was  not  so  large 
as  some  former  collections  made  by  the  sorvey,  yet  it  was  one  of  consid- 
erable interest,  as  it  contained  a  few  new  species,  and  assisted  in  determin- 
ing the  range  of  other  species  already  known.  The  collection  was  chiefly 
made  by  Messrs.  Garrington  and  Brown  ^  a  few* were  collected  by  Dr. 
Cortis.  One  very  important  bottle  of  spiecimens  was  collected  by  Dr. 
Haydeu  personally,  while  temporarily  separated  from  the  main  party 
in  Southern  Montana;  in  this  I  found  a  new  species  of  Platyphama^  the 
first  of  this  genus  found  in  the  United  States,  though  a  few  species  have 
been  obtained  from  Mexico.  It  also  contained  a  new  species  of  Chryao- 
chraorij  somewhat  peculiar  in  having  the  sides  of  the  pronotum  irregu- 
larly waved  and  slightly  converging  in  front. 

As  the  description*  of  the  new  species  are  given  in  my  '^  Synopsis  of 
the  Acrididae  of  North  America,"  which  is  now  in  course  of  publication, 
I  will  not  repeat  them  here,  but  will  only  add  such  notes  in  regard*  to 
colors,  habits,  localities,  &c.,  as  are  not  fully  given  in  that  work ;  and 
in  doing  this  I  shall  not  attempt  to  arrange  them  systematically. 

I  have  not  as  yet  made  a  thorough  examination  of  the  collection,  yet 
I  have  gone  over  it  sufficiently  to  satisfy  myself  that  there  are  no  new 
species  except  those  already  mentioned.  Although  this  is  the  case,  the 
collection  is  not  without  interest,  as  it  brings  to  view  forms  which  were 
not  seen  in  the  broad  intervening  space  ^tween  Southern  Wyoming 
and  the  borders  of  Montana.  It  also  reveals  the  interesting  fact  that 
(Edipoda  atrox,  Scudd.,  hitherto  found  only  in  California,  re-appears  in 
the  Yellowstone  Basin.  In  the  same  basin  we  again  meet  with JDecticus 
trilineatusj  Thos.,  which  haa  not  been  seen  west  of  the  dividing  range 
of  the  Eocky  Mountains.  The  ubiquitous  CaloptentM  spretus  is  seen  in 
nearly  every  bottle  of  the  collection  from  Ogden  northward. 

The  following  species  were  found  in  the  Yellowstone- Basin,  probably 
all  from  the  limits  of  the  National  Park:  CaVoptenus  spretuSj  Platyphama 
montana^  Pezotettix  ohesa^  Stenohothrus  curtipennia^  (Edipoda  atroxy  (E. 
undulata^  Dectictts  trilineatus. 

It  is  somewhat  singular  that  but  two  or  three  crickets  are  found  in 
the  entire  collection. 

The  collection  which  I  made  during  my  excursion  to  the  northwest  was 
comparatively  small,  as  I  did  not  attempt  to  collect  any  except  those 
species  or  varieties  which  appeared  to  be  new,  or  where  there  existed 
some  doubt  in  my  mind  as  to  the  coloring,  in  which  case  notes  were 
made  at  the  time  while  the  specimens  were  firesh.  As  before  stated,  I 
give  these  notes  without  any  attempt  to  arrange  the  species  systemat- 
ically. 

In  addition  to  the  collections  mentioned,  I  also  received,  specimens 
from  Jefferson  County,  Alabama,  collected  by  Dr.  G.  T.  Deason ;  from 
East  Tennessee,  through  Theophilus  Eogan,  esq.;  and  from  Mississippi, 
I  suppose  through  Mr.  D.  L.  Phares ;  also  from  the  Agricultural  Depart- 
ment a  very  valuable  collection  made  by  Professor  Glover,  in  Florida, 
some  years  ago. 

In  the  collection  from  Mississippi  I  ftnd  aNekrsYai^^^^jafc  ^^wass^^^^*^ 
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(Edipoda  discoidea,  Serv.  In  that  from  East  Tennessee  I  had  the  plea- 
sure of  fiudiug  the  first  speeiinen  of  Pyrgomorpha  I  have  seen ;  Uie 
si)ecies  is  des(jril)ed  in  my  Synopsis.  In  Professor  Glover's  collection  I 
found  a  new  species  of  TryxaliSj  the  first,  so  far  as  I  am  aware,  that  hsis 
been  found  in  the  United  States  ;  also  Stenacris  chlorizanSj  Walk.  I  at 
first  overlooked  Walker's  description,  and  placed  it  amonf^  the  cylindri- 
iral  Opomala  as  a  new  species.  If  this  genus  as  established  by  Walker 
be  retained,  it  will  be  necessary  to  remove  other  species  from  Opomala 
and  place  them  hei*e ;  and  the  position  of  the  eyes  will  then  be  the  only 
distinguishing  feature  of  Mesops. 

m 

(Edipoda  phoenicoptera^  Germ. 

I  met  with  this  species  (June  2L)  in  Southern  Dakota,  between  Yank- 
ton and  Springfield,  (Bon  Homme  County.)  The  wings,  though  usaally 
of  the  briglit  red  common  to  this  species,  are  frequently  yellowish,  with 
but  a  faint  reddish  tinge.  These  specimens  vary  slightly  from  the  asnal 
type  in  the  form  and  size  of  the  spots  of  the  elytra,  the  variation  being 
toward  (E.  coralUpes,  Hnld. 

(E.  discoideaj  Serv.;  (E.  rugosa^  Scndd.;  €E.  coraZ/ijp6«,Hald.;  (E.  Halde- 

manniij  Scudd. ;  (E.  paradoxa^  Thos. 

My  investigations  the  past  season  have  increased  my  donbt  in  respect 
to  the  distinction  of  these  species.  I  have  now  in  my  collection  speci- 
mens from  Mississippi,  Washington  City,  Illinois,  Nebraska,  Kansas, 
Dakota,  Colorado,  Wyoming,  and  Utah,  and  although  there  are  slight 
variations  in  the  markings  of  the  elytra,  the  rugosity  of  the  thorax,  and 
the  color  of  the  disk  of  the  wings,  yet  these  variations  fade  so  insensibly 
from  one  into  the  other  that  there  is  no  possibility  of  fixing  the  line  of 
distinction."  Locality  appears  to  have  something  to  do' with  these  varia- 
tions, but  does  not  govern  them  entirely.  For  example,  a  specimen  before 
ine,  from  Misvsissippi,  has  tlie  disk  or  basal  portion  of  the  wing  an  orange- 
red,  while  another,  by  the  side  of  it,  from  NebravSka,  ha.s  it  lemon-yellow 
with  splotclies  of  ora!ige-red.  Tin*  former  is  evidently  the  dhcoidea  of 
S<^rville,  and  the  latter  stands  about  midway  between  rugosa  and  coral- 
lipea.  When  we  examine  them  closely,  the  following  differences  are 
seen  :  taking  the  first  as  the  standard,  (both  females,)  the  latter  has  the 
pronotum  slightly  shortened,  and  more  wrinkled  and  rugose,  being 
slightly  tnbereulate,  the  posterior  femora  a  little  less  dilat4?d,  and 
the  contour  as  a  general  thing  more  full  and  rounded  ;  the  spots  on  the 
(ilytra  are  a  little  larger,  though  very  similar  in  form  and  position.  When 
we  remember  that  the  ibrmer  is  from  a  locality  of  rank  vegetation  and 
moist  atmosphere,  while  the  latter  is  from  a  locality  just  the  opposite, 
will  not  this  account  for  the  differences  in  the  pnmotum  f  If  thes<i 
stood  alone,  I  might  suppose  they  were  different  species;  but  piune^l 
close  beside  is  a  specimen  (a  female)  from  Southern  Illinois,  with  the  biwe 
of  the  wings  a  clear  bright  lemon-yellow  ;  the  pronotum,  though  a  little 
more  shortened,  yet  in  other  respects  is  mu(?h  like  the  specimen  from 
Mississi|)i)i,  the  spots  on  the  elytra  enlarged,  the  small  ones  apparently 
absorbed  into  the  larger,  the  spaces  also  comparatively  large,  yet  the 
specimen  is  smaller  than  either  of  the  others.  The  specimens  from 
Washington  corri»si)ond  very  closely  with  the  last,  (from  Illinois,)  but  are 
rather  smaller,  and  the  x>i*<>»<>tum  is  slightly  more  rugose  on  the  disk. 
Now,  if  we  pass  to  the  western  plains,  we  find  the  Haldemannii  of  Scudder 
and  corallipeH^  HaUl.,  wUuth  are  absolutely  so  closely  allied  that  they 
scarcely  constitute}  d\^oi\>v\\.  \AT\viW<i^^\\,  \ivi\\\^  vxw  \vcs\iv\tt*ibility  to  dis- 
tinguish alcohoUc  apevivmeu^  ^-s.e^vX.  N\\  <i^V\«i\\\^  vj-^s.vi'es.  "^^v^^  ^^^  vjjs. 
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larger  size  than  the  rugosa,  the  wings  yellow  at  base,  and  the  inside  of 
the  posterior  femora  generally  a  bright  coral-red,  the  pronotam  some- 
what^more  wrinkled  and  rugose  than  the  Nebraska  specimen,  (which  has« 
as  I  shoald  have  stated,  the  posterior  femora  orange-yellow  inside  and 
the  tibise  yellowish,  tinged  with  red ;)  the  spots  on  the  elytra  are  more 
broken  ap.  In  Utah,  we  meet  with  another  variety  which  resembles 
yeryclosely  the  oorallipes  except  that  the  wings  are  pale-red  at  base  and 
tiie  inside  of  the  posterior  femora  yellow. 

In  oonsideration  of  all  these  facts,  we  are  certainly  justified  in  think- 
ing it  highly  probable  that  these  are  but  varieties  of  the  same  species, 
the  differences  being  attributable  to  the  differences  of  climate  and  food, 
tiiose  in  the  moister  climate,  where  the  vegetation  is  ranker  and  where 
they  are  less  exposed  to  the  sun,  being  darker  and  <<  plumper"  than  those 
found  on  the  more  arid  plains  of  the  West. 

<E.  JUowaj  Thos. 

Female. — ^The  central  foveola  of  the  vertex  is  not  exactly  quadrilateral  j 
bat  somewhat  hexagonal.  Parts  of  the  mouth,  pectus,  and  venter  yel- 
lowish-white. Face,  dirty  brown ;  lateral  carinae  distinct,  reaching  the 
comers  of  the  face;  cheeks,  dusky  or  dark  brown;  from  the  upper 
margin  of  each  eye  a  pale  stripe  runs  back  to  the  pronotum ;  the  pos- 
terior part  of  the  occiput  fades,  backward,  from  dusky  to  yellow ;  pro- 
notam dusky  with  paler  spots.  The  angles  (or  longitudinal  corners 
when  folded)  of  the  elytra  are  marked  with  a  narrow  yellow  stripe ; 
the  upper  (posterior)  narrow  field  dusky;  rest  as  described  in  re- 
port of  1871.  Posterior  tibiad  bright  blue,  with  an  indistinct,  pale 
ring  below  the  knee ;  apex  black.  Tarsi  pale  yellow.  Wings  pellucid 
with  a  few  fuscous  dots  near  the  apex ;  nerves  and  nervules  of  the  apical 
portion  dusky;  rest  pale  or  white. 

Dimeimons, — Length,  .87  inch;  elytra,  .86  inch;  posterior  femora,  .52 
inch ;  posterior  tibise,  AG  inch ;  pronotum,  .20  inch. 

Taken  at  Lincoln,  Nebraska,  August  3. 

<E.  tenebrasa,  Bcudd.. 

Yar.  With  disk  of  the  pronotum  pale,  cinereous,  Tomanotvs  pseudo- 
nietanus^  Thos. 

AntennsB  fuscous,  and  considerably  flattened  toward  the  extremity. 
The  pale  portions  of  the  mouth  and  face  are  slightly  tinged  with  pale 
rafoas.  The  disk  or  basal  portion  of  the  wings  a  very  bright  brick-red. 
Posterior  femora  with  three  distinct  white  bands;  posterior  tibiae  black, 
with  a  white  ring  below  the  knee. 

Taken  at  Lincoln,  Nebraska,  August  3. 

(E.  verrueuUUa^  Eirb. 

In  the  southwestern  part  of  Minnesota,  (August  19,)  I  noticed  quite  a 
namber  of  individuals  of  this  species  sticking  to  the  weeds  along  the  road- 
side. Supposing  them  to  be  alive,  I  stopped  to  collect  some,  when,  to 
my  surprise,  I  found  they  were  all  dead;  again  and  again  I  repeated  the 
dxperiment,  but  with  the  same  result.  All  these  appeared  to  be  females; 
t^beir  colors  as  bright  as  though  living. 

StetMboihrue  maoulipennis  t  Scudd. 

Female. — ^Facedull,  rusty  yellow;  cheeks  and  sides  of  the  head  brown, 
larkest  immediately  back  of  the  upper  part  of  the  eye,  where  it  forms 
m  ill-deflned  stripe  which  runs  back  to  the  pronotum.  Occiput  and 
liak  of  the  pronotum  pale  brown. 

The  black  or  dark-brown  stripe  running  back  from  the  eye  continues 
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alonj^  the  upper  portion  of  the  side  of  the  pronotum,  passing  over  the 
lateral  eariuaB  upon  the  disk  of  the  post<^rior  lobe;  the  lateral  carinie 
y(»llowi.sh.  The  elytra  have  a  pale  stripe  along  the  lower  (or  ant<?rior) 
field,  near  the  margin ;  a  narrow  stripe  along  the  middle  field  is  marked 
with  black  or  dark  fnscons  spots,  fonr  or  ftv^e  in  number;  the  portion 
above  this  and  the  apical  third  semi-transparent,  distinctly  tinged  with 
reddish  purple.  Wings  transparent  but  tinged,  especially  the  front  and 
apical  portions,  with  reddish  purple ;  the  nerves  and  nervules  of  the  front 
portion  dusky.  Posterior  femora  pale  yellow;  a  narrow  dusky  Stripe 
along  the  upper  carina  (or  rib)  of  the  disk ;  two  pale  dusky  spots  ou  the 
inside  of  the  upper  carina.  The  posterior  tibia  has  the  lower  two-thirds 
of  the  under  surface  dusky,  the  rest  pale  yellow ;  spines  white  at  the 
immediate  base,  rest  black.    AntennjB  pale  rufous. 

The  pronotum  expands  but  moderately  on  the  posterior  lobe,  the 
lateral  carinie  curving  regularly  inward,  (though  moderately,)  the  closest 
aj)|)roximation  being  in  advance  of  the  middle;  posterior  margin  ob- 
tusely rounded;  no  entering  angle  on  the  posterior  lateral  margin, 
though  it  slightly  (very  slightly)  curves  inward  from  the  humeras  to 
the  lower  angle. 

The  sub-anal  plate  of  the  male  is  slightly  elongate,  fleshy,  entire,  and 
rounded  at  the  til). 

Dimensions. —  9  Length,  .75  inch;  elytra,  .60  inch;  posterior  femora,  .46 
inch;  posterior  tibijB,  .38  inch;  pronotum,  .13  inch.  S  Length,  .64 inch; 
elytra,  .52  inch;  ])osterior  femora,  .40  inch;  posterior  tibiae,  36  inch. 

Abundant  in  the  vicinity  of  Omaha,  Nebraska,  Augnst  1.  This  inde- 
pendent description,  taken  from  living  specimens,  is  given  here,  that  it 
may  be  used  as  a  means  of  comparison  with  S])ecimens  ftom  other  locali- 
ties, as  there  is  so  much  diflaculty  in  distinguishing  some  of  Mr.  Scndder's 
closely  allied  species,  if  in  fact  they  are  distinct,  which  is  a  matter  of 
some  doubt. 

Caloptenus  occiflcntalis?  Thos. 

Tn  the  Minnesota  portion  of  Jlod  River  Valley,  at  Glyndon,  on  the 
Korthern  J?aciljc  road,  and  near  Morris,  on  the  Saint  Paul  and  Pacific 
road,  1  found  a  small  variety  of  this  genus  quite  abundant,  which,  though 
dillering  slightly  IVom  occidentalism  api)ears  to  belong  to  that  species. 

^^)veola  ot*  the  vertex  elongate,  rounded  in  front;  frontal  costa  solid 
above  the  ocellus  and  slightly  sulcate  below  it,  with  a  row  of  punctures 
eiKjh  side.  The  pronotum  has  the  lateral  cariniie  tolerably  well  defined 
and  almost  right  angled,  especially  in  the  male.  Elytra  and  wings  about 
as  long  as  the  abdomen  in  the  female.  Posterior  femora  reach  the  tip 
ol  the  abdomen.  Antennae  extend  to  the  i)osterior  extremity  of  the 
])r<)n()tam.  Prosternal  spine  broadly  transverse  at  the  base.  The  cerci 
ot*  the  male  are  sliort  and  tnpering,  turning  up  very  slightly;  the  tip  of 
tlie  sub-anal  j)late  is  entire,  not  notched. 

Color  o/thr  liriiiff  insect, — The  face  is  sometimes  almost  milk-white,  with 
a  few  luteous  or  i)iiri)lish  dots  sprinkled  over  it ;  the  cheeks  are  pale,  but 
a  black  strii)e,  <iuite  narrow,  runs  down  the  sulcus  below  the  eye;  the 
nsual  black  sti  ijx^  behind  the  eye,  extending  upon  the  pronotum,  is  pres- 
ent, but  is  very  variable.  The  lateral  and  posterior  margins  of  the  pro- 
notum are  bordered  by  a  broad  pale,  i)uri)lish  band ;  a  very  naif ow 
white  stripe  extends  down  the  side  of  the  thorax  from  the  base  of  the 
elytra  to  the  insertion  of  the  posterior  l(»gs.  The  elytra  are  almost  uni- 
form in  color;  sv^motuues  a  few  dim  dots  can  be  seen  along  the  middle 
ilidd,  yet  maw'y  s,\>mw\<^\i*!»»  v\v\w\v\  Vv>\vv\n^>  Wx'iixw  ^^^v's^^otted  ^  the  general 
color  is  a  dark  •cV^\i>,*  \iYo\N\\,  nV\\v^^  Vvvv\\^\>A\vi\\V^ 
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blaish  cast  is  very  evanescent,  almost  wholly  disappearing  from  a  speci- 
men kept  for  ten  hours,  though  not  immersed  in  any  liquid.  The  exter- 
nal face  of  the  posterior  femora  is  crossed  by  three  oblique  dark  and 
two  intermediate  white  bands;  the  dark  bands  cross  over  to  the  upper 
margin  of  the  inner  fiice;  inner  face  and  under  side  yellow.  The  pos- 
terior tibiae  pale  greenish  blue,  generally  with  a  dark  ring  near  the  base ; 
spines  black.  Q^rsi  dark  above,  white  beneath.  Abdomen  dark,  mot- 
tled above ;  the  posterior  margins  of  the  segments  bluish  white;  venter 
yellowish  white. 
Length  about  .8  or  .9  of  an  inch.    July  5-11. 

C.  bivittatuSj  Say. 

This  species  is  very  variable,  both  in  color  and  size,  yet  it  is  easily  re- 
cognized in  almost  any  of  its  numerous  variations,,  and  it  is  only  the 
more  particular  investigation  that  causes  the  entomologist  to  doubt  the 
identity.  I  herewith  give  some  notes  in  regard  to  the  varieties  met 
with  the  past  summer  in  the  Northwest. 

Oinahaj  August  1. — Female^  living  si)ecimen.  Stripes  on  the  pronotum 
very  distinct,  rather  broad,  reddish  yellow,  the  intermediate  space  a 
velvety  black,  (or  dark  fuscous.)  The  gener^  color  of  the  sides  of  the 
insect,  a  purplish  red ;  the  face,  and  the  external  face  of  the  posterior 
femora,  the  same  color;  the  upper,  external  carina  of  the  posterior  fem- 
ora, shining  black ;  posterior  tibia)  deep  blue,  fading  at  the  apex  to  pale 
rufous ;  tarsi  rufous.  Elytra  slaty  brown,  with  a  few  dusky  spots  near 
the  base  on  the  disk.  Wings  transparent,  but  tinged  with  red ;  nerves 
and  nervules  along  the  front  margin  dusky ;  rest  colorless.  The  pos- 
terior femora  have  two  black  spots  on  the  upper  margin  of  the  internal 
face ;  the  spines  of  the  posterior  tibiae,  black.  These  specimens  were 
found  abundant  on  a  tall  weed  much  liise  hemp,  in  company  with  C.  dif- 
ferentialis  and  Acridium  emarginatum.  In  some  specimens  the  dark 
stripe  along  the  posterior  femora  occupies  the  upper  half  of  the  disk ; 
then  there  is  above  this  a  yellow  line,  between  the  upper  lateral  and 
dorsal  carinsB,  and  then  a  dark  stripe  along  the  upper  margin  of  the  in- 
ner face.  The  general  color  is  sometimes  a  dark  ashy  green,  which 
prevails  on  the  head,  sides,  and  beneath.  The  cerci  of  the  males  are 
broad,  extending  back  a  short  distance,  then  bend  suddenly  upward, 
leaving  a  rounded  protrusion  on  the  lower  edge.  Sub-anal  plate  obtuse 
and  entire  at  the  tip. 

In  Platte  bottoms  I  noticed  quite  a  number  of  individuals  of  this  spe- 
cies in  the  long  rank  grass,  with  the  general  color  a  bright  yellow, 
while  others  were  ashy  green,  yet  the  two  varieties  were  frequently 
seen  pairing.  This  yellow  variety  was  also  seen  at  Sioux  Falls,  Da- 
kota, August  25. 

0.  differentialis,  Thos. 

The  individuals  of  this  species  found  at  Omaha,  August  1,  in  com- 
pany with  the  previous  species,  had  the  antennae  red ;  general  color  of 
the  head. and  thorax,  pale  olive;  abdomen  and  pectus,  bright  yellow. 

Dimensions. — ^  Length,  1.2  inches ;  elytra,  1  inch  ;  posterior  fermora, 
.63 inch;  posterior  tibiae,  .58  inch;  pronotum,  .24  to  .26  inch. 

At  North  Platte  I  noticed  quite  a  number  of  the  dnrk  variety  of  this 
species,  with  bright  yellow  stripes.    This  variety  has  the  posterior  fem- 
ora marked  with  black  bands,  and  the  general  color  is  quite  dark,  al- 
most a  black.    These  were  found  congregated  on  a  large  weed  ^or^wv^^ 
profusely  in  the  Platte  bottoms,  and  were  olt<bTi  «»(ieiXi  \> wtm^  ^ VOol  ^"^^^ 
varieties. 
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Atridium  emarginatHMy  UhL 

jfa[e.-^Tak6xi  at  Omaha,  Aagast  L  Face  ffreenUh  jeDow ;  a  row  of 
distinct  black  panctnies  down  each  margin  of  the  frontal  ook^  and  a 
TOW  across  the  npper  part  of  the  clypens.  Palpi  and  anttmnts  bright 
yellow.  The  dorsal  stripe  on  the  head  and  pronotnm  bright  ydlow,  ez'- 
tending  forward  over  the  vertex  and  down  tne  front  neady  to  the  cen- 
tral ocellns ;  its  extension  on  the  suture  of  the  elytra  yellowish  white; 
it  is  bordered  each  side  by  a  broad,  dark  greenish  brown  stripe,  which 
fSades  on  the  sides  into  reddish  brown  on  the  elytra,  and  paler  greenish 
brown  on  the  pronotnm,  these  latter  colors  oocnpying  the  entire  sides. 
The  pronotnm  has  scattered  over  it  golden  dotes.  Wings  transparent, 
pale  greenish  yellow  at  base,  the  fix>nt  margin  and  apical  half  tingea 
with  pale  reddish  brown ;  nerves  and  nervules  corresponding  in  color 
with  the  parts.  Abdomen  with  a  dark  stripe  along  tibe  dorral  carina, 
sides  purplish  green,  each  segment  having  a  ring  of  black  dots  on  the 
posterior  margin.  The  cerci  very  brmtd,  somewhat  notched  at  the  apex, 
pale  purplish ;  sub-anal  plate  with  a  broad,  square  notch  at  tbe  Mex. 
The  elytra  have  no  spots  whatever  on  them.  Anterior  and  middle  legs 
greenish  externally,  striped  internally  with  black.  Posterior  ftmora 
pale  dull  green  or  olive  externally,  with  a  tow  of  black  dots  along  eadi 
margin  (rf  the  disk ;  iuternaA  face  fiili([inons  or  purplish ;  a  row  of  black 
dots  along  the  upper  margin.  Postenor  tibitt,  with  the  posterior  and 
inner  face  black,  exterior  flnce  greenish  purple,  becoming  black  above ; 
spines  white  at  base,  black  at  tips.  Pulvilli  remarkaUy  large,  oblong- 
ovate. 

Dimengians. — Length,  1.36  inches ;  elytra,  1.22  inches :  pronotam,  .32 
inch ;  posterior  femora,  .76  inch ;  postenor  tibiss,  .73  incn. 


This  and  the  two  preceding  species  appear  to  reside  chieflj^  on  high, 
rank  weeds,  not  being  properly  ground-locusts;  though  in  this  respect 
0.  hivittatus  varies  more  tiian  the  other  two^  as  it  appears  to  adapt 

itself  to  almost  any  situation. 

Opomala  bivittatay  Serv. 

I  met  with  this  species  at  Lincoln,  Nebraska,  also  at  Manhattan,  in 
Eausas. 

Female. — Head  and  thorax  rnfons,  except  the  stripes,  which  are  red- 
dish brown.  Elytra  semi-transparent,  light  brown  or  brownish,  slightly 
tinged  with  rnfous  on  the  upper  half,  near  the  base ;  a  short,  narrow, 
white  stripe  near  the  base,  along  the  lower  (front)  margin.  Wings  pel- 
lucid, with  a  faint  greenish-yellow  tinge ;  nerves  and  nervules  mostly 
dark.  Four  anterior  legs  rutbus ;  posterior  femora  rufous  above  and  on 
the  disk,  yellow  beneath  ;  posterior  tibiae  yellow.  Venter  and  pectus 
yellowish. 

Dimensions. — Length,  1.5  inches;  elytra,  1.13  inches;  pronotum,  .2j 
inch ;  x>osterior  femora,  .90  inch ;  posterior  tibisB,  1.1  inches.  August  3. 

Ommatolampis  viridis^  Thos. 

Syn.  Cahptenua  viridiSy  Thoe. 

Lincoln^  Nebraska^  August  5. — Among  the  orthoptera  met  with  at  this 
place,  I  noticed  this  species  quite  abundant  in  the  luxuriant  green  grass. 
I  am  now  tolerably  well  satisfied  that  it  belongs  to  Ommatolampis  of 
Bnrmeister,  and  have,  therefore,  placed  it  in  that  genus,  and  herewith 
give  a  full  description  from  living  specimens,  the  males  and  females 
exhibiting  scarcely  any  (\\ttet^\i<!ft^  \u  size  or  color. 

The  vertex,  oa  c\o^  exQLm\\vvi^o\i^^^\^'!^^^XA\^^ti^^^ 
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as  in  Aeridiumj  with  a  slight  central  depression ;  firontal  oosta  solcate ; 
sides  nearly  parallel  and  pnnctared ;  lateral  carinse  nearly  or  qoite  par- 
allel; eyes  as  heretofore  described.  Posterior  lobe  of  the  pronotum 
punctured.  Pectus  covered  with  minute  hairs.  Elytra  same  length  as 
abdomen.    Posterior  femora  reach  the  tip  of  the  abdomen. 

Color. — ^Bright  pea-green  throughout,  except  the  following  mark- 
ings: Antenusd  rufous  except  the  basal  joint,  which  is  green.  A 
small,  dusky  spot  between  the  eyes,  a  dark  spot  beneath  the  eyes, 
which  is  bordered  in  front  by  a  white  stripe.  A  narrow  white 
stripe  runs  along  the  upper  margin  of  each  eye,  and  extends  back- 
ward along  the  lateral  carina  of  the  pronotum.  A  median  dusky 
stripe  ruDS  along  the  disk  of  the  pronotum,  the  central  portion  pale 
and  sometimes  almost  white ;  a  black  stripe  extends  along  the  sides 
of  the  anterior  lobes  of  the  pronotum,  which  is  bordered  by  white ;  the 
lateral  margins  have  a  minute  white  line  along  them,  sometimes  inter- 
rupted by  black  punctures.  There  is  an  oblique  white  line  on  the  side 
of  the  mesothorax,  running  to  the  base  of  the  middle  leg;  a  similar  but 
larger  one  on  the  metathorax,  running  to  the  base  of  the  posterior  legs. 
These  lines  are  generally  shaded  in  front  with  black.  Elytra  semi-trans- 
parent, almost  uniform  green,  there  being  sometimes  a  pale  ashy-brown 
shade  on  the  upper  (posterior)  portion.  Wings  i)ellucid ;  when  living, 
the  front  margin  is  slightly  tinged  with  bluish  green,  and  the  posterior 
half  with  very  pale  rufous;  but  these  shades  are  often  very  dim  and 
evanescent.  The  posterior  femora  are  green,  except  a  rufous  band 
above  the  knee ;  the  upper  and  lower  carinsB  (or  ribs)  of  the  disk  have 
generally  a  threadlike  line  of  white  along  them,  and  the  upper  is  some- 
times bordered  above  with  a  pale  rufous  line.  Posterior  tibicB  green  ; 
spines  tipped  with  black ;  tarsi  green ;  the  pul villi  rufous. 

The  cross  incisions  of  the  pronotum  were  not  dark  in  these  specimens, 
as  mentioned  in  my  original  description,  which  was  taken  chiefly  from 
alcoholic  specimens. 

Dimemions. — Length,  1  to  1.10  inches;  elytra,  .76  inch;  posterior 
femora,  ,63  inch ;  posterior  tibisB,  .58  inch ;  pronotum,  .25  inch. 
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ODONATA  FROM  THE  YELLOWSTONE, 

By  Dr.  H.  Hagen. 
LESTES. 

L,  di^uncta,  Selys. 
Known  before  from  Brit.  America.    (A  few  specimens.) 

L.  congener,  Hag.  Syn.  N.  Amer.  Neurop.,  67,  5.    (A  male.) 

AGBION. 

Two  species,  but  not  well  enough  preserved  for  description  j  probably- 
described  species. 

GOMPHUS. 

G.  (Herpetogomphus)  vipirinus  t  Selys. 

The  species  is  described  by  Baron  De  Selys  Longchamps,  from  Mexico. 
The  specimen  is  not  so  preserved  as  to  be  sure  of  the  identity ;  at  least 
it  belongs  to  no  other  known  species.    (One  fragment.) 

Q.  coluhrinus  f  Selys.  Hag.  Syn.  K.  Amer.  Neurop.,  101,  7. 

Known  from  Hudson  Bay,  Brit.  America.  One  male,  in  poor  condi- 
tion, if  not  belonging  to  this  species  is  new  but  nearly  related. , 

A.  constrictaj  Say.  Hag.  Syn.  N.  Amer.  Neurop.,  123,  8. 

Common,  at  least  represented  by  many  specimens;  a  species  common 
everywhere  east  of  the  Mississippi  from  Canada  to  Maryland,  and 
hitherto  west  to  Wisconsin. 

A.  eremita,  Scudd.  Proc.  Bost.  Nat.  Hist.  Soc,  x,  213. 

Taken  in  abundance  at  Hermit  Lake,  White  Mountains,  N.  H.,  by 
Mr..Scudder,  and  also  common  in  Saskatchewan  and  Fort  Resolution, 
Great  Slave  Lake ;  taken  by  Mr.  Kennicott  and  Mr.  Scudder.  (One 
female.) 

A.  multicolor,  Hag.  Syn.  N.  Amer.  Neurop.,  121,  4. 

Known  before  only  from  the  Pecos  River,  W.  Texas ;  Cordova,  Mex- 
ico, and  the  Upper  Missouri;  a  decidedly  western  species.  (Few  speci- 
mens.) 

A.  projnnqua,  Scudd.  Proc.  Brit.  Nat.  Hist.  Soc,  x,  214. 

Fragments  of  one  male  and  female,  not  sufficient  to  identify  decidedly; 
probably  this  species.    Known  before  from  N.  England. 

LIBELLULA. 

L.  nodistictaj  Hag.  Syn.  N.  Amer.  Neurop.,  151,  3. 

Formerly  only  known  by  a  young  male  collected  in  Mexico  by  jNIr. 
Saussure.    (Male  and  female.) 
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L.  forensis,  Hag.  Syn.  N.  Amer.  Nearop.,  154,  9. 

Formerly  ouly  known  by  a  male  from  California,  in  the  Berlin  Moseom. 
(Male  and  female.) 

X.  saturatay  IThler.  Hag.  Syn.  19.  Amer.  Neorop.,  152,  4^ 

Known  before  from  California,  Cape  San  Lucas,  and  San  Diego,  and 
from  Mexico,  Cordova,  Tampico ;  a  decidedly  western  species.  (One 
fragment.) 

L.flavida,  Hag.  Syn.  N.  Amer.  Nenrop.,  156, 15. 
Ejiown  before  from  Pecos  Biver,  W.  Texas.    (One  fragment.) 

MESOTHEMIS. 

Jf.  HmplicicolliSj  Hag.  Syn.  N.  Amer.  Nenrop.,  170, 1. 

Common  throughoat  from  Massachnsetts  and  Illinois  to  Mexico, 
Florida,  and  Cuba.    (One  female.) 

M.  longipennis,  Burm.  Hag.  Syn.  K.  Amer.  Neorop.,  173,  7. 
Common  everywhere  as  the  foregoing  species.    (Male  and  female.) 

M.  corrupta,  Hag.  Syn.  N.  Amer.  Neurop.,  17J,  3. 
Known  from  Illinois,  W.  Texas,  Mexico.    (One  female.) 

Jlf.  compositaj  nov.  sp. 

Milk-white,  with  a  yellowish  tinge  on  the  head,  front,  month  parts ; 
three  transverse  shining  black  lines  behind  the  eyes;  lobe  of  the  pro- 
thorax  small,  rounded,  yellowish  white;  thorax  yellowish  white,  a  lit- 
tle bluish;  two  large  not  well-defined  brown  bands  on  the  mesothorax; 
two  oblique  black  lines  on  each  side,  and  a  third  one  between  them  Dot 
depassing  the  stigma;  abdomen  thickest  at  the  base,  black,  each  segment 
with  an  elongated  milk-white  spot  on  each  side,  and  another  similar  one 
on  thie  second  and  third  segments;  venter  covered  with  a  whitish  pow- 
der, the  second  and  third  segments  with  a  large  elongated  milk-white 
8i)ot;  appendices  black,  short,  cylindrical ;  the  tubercle  between  them 
white;  valvar  opening  with  a  rounded  excision;  feet  black,  femora 
white  behind;  wings  hyaline,  a  small  yellow  spot  at  the  base;  neuration 
black;  the  costa  milk-white;  the  pterostigma  large,  oblong,  black; 
fourteen  antecubitales ;  two  postcubitales ;  three  series  of  areoles  after 
the  triangle;  membrauula  white. 

Long.  Corp.,  47  mill.;  exp.  alar,  76  mill. 

The  species  is  related  to  M.  corrupta.    (One  female.) 

DIPLAX. 

D.  assimilata^  Hag.  Syn.  N.  Amer.  Neurop.,  174,  1. 

Known  from  the  northern  and  middle  parts  of  the  United  States. 
(One  fragment.) 

D.  scoticaj  Douov.  Hag.  Syn.  N.  Amer.  Neurop.,  179,  9. 

Common  in  Europe,  N.  Asia,  and  coUected  at  N.  Red  River  by  Mr. 
Kennieott.    (A  few  specimens.) 

D.  vioina^  Hag.  Syn.  N.  Amer.  Neurop.,  175,  4. 
Common  in  the  north  of  the  United  States.    (Several  specimens.) 

2>.,  spec.  nov. 

i^early  related  to  D.  rubicundula  Say,  but  different  by  the  genital 
pmts.    (Only  two  male^,  \mpe^\iee\,.^ 
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Species  not  belonging  to  Odonata. 

HETJBBINA. 

H.  Califomica,  Hag.  Syn.  B*.  Amer.  Neurop.,  59,  2. 

The  fragments  of  three  males  are  not  to  be  separated  from  the  type 
iu  my  collection.    (Bome  fragments.) 

POLTSTCBOHOTES. 

p.  punotattMj  Hag.  Syn.  K.  Amer.  Nenrop.,  206, 1. 

Very  common  everywhere  in  the  whole  United  States.  (Numerous 
specimens.) 

STATHMOPHOEUS. 

Spec. — Only  a  male  related  to  St.  Argusy  Harr.,  perhaps  distinct.  The 
ma  ie  of  St.  Argus  is  still  unknown. 

PTEBONAECYS. 

Pt.  Califomicaj  Hag.  Syn.  N.  Amer.  Neurop.,  16,  5. 
A  female ;  a  decidedly  western  species. 

MYBMELEOI^. 

M.  diversuSj  nov.  sp. 

Brown,  covered  with  grayish  powder ;  head  pale  yellowish  near  the 
mouth  and  the  eyes;  two  black  spots  on  the  clypeus;  front  largely 
shining  black,  brown  mat  behind  the  antennsB;  on  each  side  of  the  occiput 
a  yellow  spot,  and  near  the  middle  a  yellow  band,  attenuated  and  inter- 
rupted in  the  middle ;  antennae  short,  black,  annulated  finely  with  yellow, 
the  tips  enlarged  brownish;  palpi  yellow,  the  last  joint  black;  last  joint 
of  the  labial  palpi  longer,  ovoid,  black,  cylindrical  at  the  truncated  tip; 
prothorax  quadrangalar,  a  little  narrower  and  rounded  before,  dull  yel- 
lowish, with  two  interrupted  brown  lines  in  the  middle,  and  one  on  each 
side,  notreaehing  the  anterior  part;  thorax  and  abdomen  brown,  a  final 
yellowish  triangular  spot  on  the  segments;  legs  yellowish ;  femora  be- 
hind in  the  middle,  tibise  inside,  and  basal  joint  on  tip  black:  spurs  as  long 
as  the  first  joint;  wings  hyaline,  veins  yellow,  spotted  with  black  on  the 
radius,  and  most  of  the  small  furcations;  stigma  small,  whitish.  The 
species  belongs  to  the  genus  Myrmeleon^  and  is  related  to  the  M.  formic 
carium,  I  believe  a  specimen  in  very  bad  condition,  from  the  Pecos 
Elver,  W.  Texas,  belongs  here.    (Two  specimens.) 
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DESCRIPTIONS  OF  NEW  SPECIES  OF  MALLOPHAGA  COLLECTED 
BY  C.  H.  MERRIAM  WHILE  IN  THE  GOVERNMENT  GEOLOGICAL 
SURVEY  OF  THE  ROCKY  MOUNTAINS^  PROFESSOR  F.  V.  HAY- 
DEN,  UNITED  STATES  GEOLOGIST. 

By  a.  S.  Packard,  Jb.^  M.  D. 

Menopon  picicolaj  n.  sp.    (Fig.  68.) 

Body  slightly  more  than  twice  as  long  as  broad.  Head  lunate,  being 
much  shorter  Uian  wide,  well  rounded  in  froht,  with  a  lobe  on  each  side. 
Antennae  short  and  slender,  terminal  Fig-  5?. 

joint  nearly  twice  as  long  asi)enulti- 
mate.  Head  with  three  long  hairs 
from  posterior  division,  and  two 
oblique  dark  spots  in  the  middle. 
Prothorax  with  a  median  square 
area  half  as  wide  as  head,  with  two 
rings  on  each  side,  making  the  en- 
tire segment  three-fourths  as  wide 
as  head.  Abdomen  regularly  oval, 
two-thirds  as  wide  as  long,  terminal 
segment  large  and  broad.  Segments 
convex,  with  a  slight  ridge  crossing 
behind  the  middle  of  each  segment. 
Two  or  three  long  hairs  project  from 
hind  edge  of  each  segment,  and  nu 
merous  finer  hairs.  Legs  moderately 
long,  tibiae  long,  a  third  longer  than 
femora;  tarsi  with  second  joint  long 
and  slender,  ending  in  two  large 
claws.    Pale  horn  color. 

Length,  .08  inch.    Ten  specimens. 

From  Picoides  arcticus  and  P.  dor- 
salis^  (Nos.  236  and  237.)  August  26, 
1872,  at  Lower  Geyser  Basin,  Wyom- 
ing Territory.    This  is  more  closely 

allied  to  M.  citrinellw^  Denny,*  than  menopon  pindoLi. 

any  other  species  I  am  acquainted  with,  but  differs  in  the  shorter, 
broader  head.  The  form  of  the  prothorax  is  very  different,  being 
transversely  oval  instead  of  squarish,  as  in  if.  dtrinellce. 

Ooniodes  MerriamanuSj  n.  sp.    (Fig  50 ;  a,  male  antennae.) 

Head  about  as  broad  as  long,  full,  convex,  broad,  and  regularly 
rounded  in  front  of  insertion  of  antenuje.  Deeply  excavated  in  middle, 
receiving  basal  two-thirds  of  basfil  joint  of  antennae;  on  posterior  edge 
of  the  notch  a  prominence,  and  still  posteriorly  a  large  prominence, 
giving  a  square  appearance  to  head  posteriorly,  which  at  hinder  edge 
suddenly  contracts  where  it  is  articulated  to  prothorax.  Head  about 
two-thirds  as  wide  as  abdomen.  Prothorax  about  half  as  wide  as  head. 
Abdomen  ovate  or  pear-shaped,  being  broadest  just  before  the  end.    It 
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is  whitish,  corneous  on  tbe  edges.  AntennsB  recurved,  four-jointed, 
basal  very  large,  second  as  long  as  first  is  thick,  third  and  fourth  slender, 
Bubeqnal }  fourth  as  long  as  second  is  thick.  Legs  stout,  second  pair 
with  stout  spines  on  inner  side  of  tibiae ;  tarsal  joints  very  indistinct, 
short,  with  a  long  curved  claw. 

Length,  .10  inch.    One  specimen. 

From  Tetrao  Richardsoniy  (No.  219.)  Gcdlected  August  6,  1872,  at 
I^orth  Fork  of  Snake  River,  Idaho. 

It  is  very  different  from  O.  tetraanis  Denny,  and  closely  allied  to  6. 
Colchici  Denny,  especially  in  the  pyriform  shape  of  the  abdomen.  The 
head  in  one  species  is  rather  longer  and  more  produced  in  front  of  the 
antenme,  the  prothorax  is  rather  longer  and  broader,  and  the  mesothorax 
wider  and  shorter  in  proportion. 

Ooniodes  mephitidiSj  n.  sp.    (Fig.  60.) 

Head  short,  about  as  long  as  broad,  well  rounded  in  front,  with  a  nar- 
row curved  sinus  in  the  middle ;  widest  behind  the  middle,  with  well- 
Pig.  60. 

Fig.  59. 


OONIODKS  MEKRIAMANUS. 


OOmODES  MEnilTIDIS. 


marked  lateral  projections.  Two  dark  spots  on  each  side  of  the  sinus ; 
side  of  head  in  front  of  the  projections  lined  with  black.  A  transverse 
black  line  across  hind  edge  of  head,  ending  on  each  side  in  two  black 
points,  and  sending  obscure  prolongations  anteriorly.  Antennae  four- 
jointed  ;  basal  joint  very  large,  three  outer  ones  filiform,  third  consider- 
ably longer  than  second,  fourth  minute,  short.  Prothorax  corneous, 
slightly  narrower  but  distinct  from  raesothoracic  segments,  the  sides  of 
which  are  produced  hook-like  beyond  it.  Abdomen  large,  orbicular,  but 
little  longer  than  broad,  white.  Legs  white,  hind  tibia)  dilated  distally. 
with  several  long  spines  on  the  inner  side,  one  especially  large ;  several 
long  hairs  on  the  outer  side.  The  tarsal  joint  ends  in  a  curved  slender 
claw  as  long  as  itself,  seen  with  the  naked  eye;  head  and  thorax  appear 
pale  testaceous ;  abdomen  white. 

Length,  .06  inch.    Seven  s\Hicimcns. 

From  a  skunk  (i\Iex)Mti8^  co\\^v!,lQivi^\x^\\.^\,\^^\'^'\'l^'?w\.^\x&^         Easin^ 

Wyoming  Territovv. 
It  difiers  from  aiiy  »pedea  tigat^viL  \i^  X^^xsxi^  \\^>C«^^\^Q\s2^\\i.\x^^\^\,  ^'L 
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head,  and  short,  broad  lanate  mesothoracic  segment,  and  long  oval  form 

of  abdomen. 

XirmiM  buteonitorus,  n.  sp.     (Fig.  61.) 

A  very  large  species,  long  and  slender:  head  long,  oblong,  anbtrupe- 
zoidal,  half  as  wide  in  fh>nt  aa  at  base;  front  trnneate,  with  prominent 
roanded  lateral  wings  on  each  side  of  head,  behind  ioser-  Fig.  fli. 
tioD  of  antennee,  more  prominent  than  nsual.  Antennte 
jnst  reach  as  far  as  the  front  edge  of  head ;  fonr-jointed ; 
two  basal  joints  of  mnch  the  same  size  and  length,  two 
outer  mnch  smaller,  fourth  Blenderer,  and  a  third  longer 
than  tiLird.  A  large,  ronnd  inflated  swelling  on  nnder 
side,  jast  behind  the  month,  and  behind  the  single-jointed  ^ 
minute  labial  palpi,  apparently  forming  a  sucker  to  drawc 
mouth  near  to  altin  of  host.  Mental  region  behind  flat-  , 
tened,  rather  narrow.  Frotborax  small,  rounded  square,  I 
incised  on  each  aide ;  a  transverse  impressed  line  crossing  ' 
the  anterior  third,  and,  with  the  longitudinal  line,  dividing 
the  surface  into  four  square  spaces,  the  two  anterior  half 
as  long  as  two  posterior.  Abdomen,  including  meso  and 
metathorax,  regularly  ovallanceolate,  two  and  a  half  times  n 
as  long  as  wide,  with  fine  long  hairs  along  edge.  Legs  vorci. 
rather  large  and  long,  with  tarsi  on  three  hinder  pair  of  legs,  basal 
joints  much  swolten  and  enlarged,  with  a  white  swollen  disk-like  nnder- 
Burface  for  holding  on  to  skin  of  host ;  second  joint  remarkably  long  and 
slender.  Edge  of  bead  white,  and  whole  body  black,  front  edge  of  head 
white,  hind  edge  black,  a  dark  Bcatellate  spot  just  behind  the  middle 
of  the  bend ;  two  round  black  spots  under  base  of  head ;  two  black 
spots  projecting  inward  at  front  edge  of  mesothorax;  a  brown  stripe 
across  htnd  edge  of  each  abdominal  segment,  interrupted  on  anterior 
four  rings  by  median  line  of  the  body.  Joints  of  legs  ed^d  with  black 
brown. 

Specimens  vary  much  in  extent  and  intensity  of  dark  lines  and  spots, 
as  nsnal. 

Length  .40  inch.    Twelve  specimens. 

From  Buteo  StcatJimnii,  (No.  239.)   Collected  August  27, 1872,  at  Lower 
Geyser  Basin,  Wyoming  Territory. 

Differs  remarkably  in  form  aud  size  from  any  figured  by  Denny. 

I  have  in  describing  this  species  used,  for  compariKon,  a  specimen 
of  this  genus  trom  Goose  Lake,  Siskiyou  pjg,  ei. 

County,  Cal.,  (J.  HoUeman,)  in  which  the  head 
is  triangular,  and  the  tarsal  joints  not  dilated, 
and  second  joint  is  much  shorter  and  thicker. 
Its  host  not  indicated. 
Docophorus  symii,  a.  sp.    (Fig.  6S;  a,  ai 

tenna;  6,  hind  leg. 

Head  a  little  longer  than  broad,  being 
little  longer  than  usual  j  two-thirds  as  wide 
as  abdomen.  Mouth  cavity  deeply  excavated. 
Trabecule  small,  acutely  pointed,  projecting 
slightly  beyond  the  head.  Two  oblique 
chitinons  bands  diverge  fVom  base  of  bend 
to  opper  side  of  base  of  trabeculie ;  antennso 
slender,  of  the  nsual  form ;  flve-Jointed ; 
fourth  joint  much  shorter  than  fifth.  Pro-' 
thorax  trapezoidal,  half  as  wide  as  head;  me- 
sothomrwjrfefprojectingcoDsiderablybesond 
tbe  aaeceediug  aegmeat}  edge  DioEebu\giDg  Txi(»n«««a«v 
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tlum  others.    Abdomen  regrularly  oval,  but  little  broader  than  long, 
with  the  usual  triaiijjuhir  pale  homy  pieces  on  each  side  of  segments, 
with  a  lew  lon;^  hairs,  especially  toward  end  of  body. 
Length,  .09  inch.  Four  specimens. 

Lives  on  Syrnium  nebidosum,  (  $  Xo.  55,  private  collection.)  Collected 
November  24,  1872,  at  Locust  Grove,  New  York,  by  C.  H.  Merriam. 

Of  the  species  figured  by  Denny,  it  approaches  nearest  in  the  form 
and  shape  of  the  head  to  I),  testudinarins,  (Children,)  Back's  Naixative, 
&c.  It  is  <il1ied  in  form  to  2).  ostralegi  Denny,  but  the  prothorax  is 
shorter ;  and  to  />.  icierodes  Nitzsch  but  the  head  is  much  broader.  From 
D.  communis 'Sitzach^it  differs  considerably,  the  head  being  shorter  and 
broader,  and  the  trabecular  much  smaller,  judging  from  Denny's  figures. 


DESCRIPTION  OF  NEW  PARASITIC  WORMS   FOUND   IN  THE 

BRAIN  AND  OTHER  PARTS  OF  BIRDS. 

Bt  a.  S.  Packard,  Jr.,  M.  D. 

Among  the  zoological  specimens  collected  by  Mr.  0.  H.  Merriam,  in 
explorations  under  Professor  Haydenin  the  summer  of  1872,  were  speci- 
mens of  an  apparently  undescribed  worm  found  "  under  the  eyes^  of  a 
hawk.^  In  describing  this  worm,  we  had  occasion  to  compare  it  with  an 
undescribed  species  of  the  same  genus  of  worm  in  tl^e  museum  of  the 
Peabody  Academy  of  Science,  and  found  by  Mr.  Walker  in  the  brain  of 
the  night-hawk, 

Indeed,  one  of  the  most  obscure  subjects  in  zoology  is  the  history  and 
development  of  animal  parasites,  and  especially  those  which  take  up 
their  abode  in  the  brain  of  different  animals.  Professor  Wyman  has 
described,  in  the  *'  Proceedings  of  the  Boston  Society  of  Natural  History^ 
for  October  7, 1868,*  a  species  of  round  worm  in  the  brain  of  seventeen 
out  of  nineteen  specimens  of  the  Anhinga,  or  snake-bird,  shot  in  Florida, 
thus  proving  that  "  their  presence  in  the  cranial  cavity  might  be  called 
the  normal  condition  of  this  bird."  He  remarks  that  "  parasites  have 
occasionally  been  found  infesting  the  brain  or  its  membranes  in  man 
and  animals,  but  far  less  frequently  than  in  the  other  regions  of  the 
body.  The  number  of  species  thus  far  observed  is  quite  small,  and  are 
chiefly  referable  to  the  genera  Twnia,  Filaria,  Trichina^  and  Diplosto- 
mum,  and  conlined  almost  wholly  to  man  and  domesticated  animals, 
such  as  the  sheep,  reindeer,  dromedary,  horse,  and  ox  ;  and,  among  wild 
animals,  to  the  chamois,  roebuck,  and  a  few  others.  That  they  have 
not  been  more  frequently  seen  in  the  wild  species  is,  without  doubt,  due 
to  the  fact  that  the  brains  of  these  have  been  so  seldom  examined  for 
the  purpose  of  detecting  them."  Tliese  worms,  "which  correspond 
very  nearly,  if  not  identical,  with  the  Eustrongylua  papillosus,  Diesing," 
were  found  in  every  instance  coiled  up  on  the  back  of  the  cerebellum, 
their  number  varying  from  two  to  eight.  The  male  is  only  half  as  thick 
as  the  female,  and  the  end  of  its  body  is  always  more  closely  coiled  than 
in  the  female. 

This  worm  is  viviparous,  the  young  hatching  in  the  oviduct.  Their 
earlier  stages  are  unknown,  but  the  analogy  of  the  Gordiaceous  and 
other  worms  leads  to  the  supposition  that  the  parasit^^  of  the  brain  of 
the  Anhinga  is  one  of  the  migratory  kinds,  and  that  a  part  of  its  life,  at 
least,  is  passed  in  a  locality  quite  different  from  that  in  which  it  was 
detected.  The  manner  in  which  the  transfer  of  the  embryo  is  effected, 
outwardly  to  some  other  animal,  or  the  water,  and  then  back  to  another 
Anhinga,  is  wholly  unknown. 

EmtrongyliLS  huteonis,  n.  sp. 

This  thread-worm  seems  to  agree  generically  with  the  species  of  Em- 
tronyglus,  said  by  Professor  Wyman  to  ''correspond  very  nearly,  if  not 
identical,  with  the  Eustronyglus  papillosus  Biesing,  found  in  the  brain 
of  the  Anhinga  bird  of  Florida.  Our  species  is,  however,  much  shorter 
and  thicker. 

•  An  abstract,  with  figures,  of  this  interosting  paper  may  «»^3ao  \i^  ^wix>A>  va.  ^Cvsr^ 
"  American  Naturalist,"  vol.  2,  p.  41, 1669. 
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Jfate.— (Fig.  63.  a,  magnified  ten  times.)    Body  cyliodrioal,  rather 
short  and  thick ;  head  cyUDdrical,  pointed,  conical,  much  slenderer  thut 


the  other  end.  I  can  perceive  no  papillse  around  the  end  of  the  head. 
Eud  of  the  body  rather  more  incurved  than  in  the  female,  blantly 
conical ;  penis  forming  a  single  spiculuni,  a  little  curved,  and  inclosed  in 
a  bivalved  sheath,  one  valve  being  truncate  and  the  other  pointed,  and 
reaching  uearer  tlie  eud  of  the  peuis  than  the  truncate  valve. 

Length  .10  inch.    Two  individuals. 

Femak. — (Fig.  G3,  b,  magnitied  ten  times.)  Over  twice  as  large  as 
the  male;  tlic  body  short  and  thick;  the  head  subacutely  conical,  with  no 
papilliB  that  I  can  see;  end  of  the  body  obtuse;  extreme  tip  slightly 
mucronate. 

Length  oue  inch.    Two  individuals. 

Four  S)ic<;imens,  taken  from  "  under  the  eyes  of  Buteo  Sjcainaoni,  {No. 
209,)  collected  September  15, 1872,  at  Snake  River,  Wyoming  Territory," 
by  (J.  H.  Mcrriam. 
Eitstrongylus  chordeilis,  n.  sp.  (Fig.  64,  magnified  ten  times.) 

An  outline  figure  of  a  worm,  gcnerically  identical  with  E.  buteonia,  is 
intraduced  in  order  to  bring  out  more  clearly  the  specific  characters  of 
the  latter  specica  Two  females  were  taken  by  Mr.  0.  A.  Walker  "from 
the  brain  of  the  night-hawk,  (Cliordeilis  Yirginianv*,)  shot  in  June,  at 
Campton,  New  Hampshire,  and  presented  to  tbe  museum  of  the  Peabody 
Academy  of  Science,  at  Salem,  Massachusetts.  It  is  a  much  slenderer 
form  than  E.  buteoim,  but  much  shorter  and  thicker  than  the  species 
described  and  figured  by  Professor  Wyman.  Both  ends  of  the  body  are 
much  alike,  the  anal  end  being  much  more  pointed  than  in  E.  buleonis, 
and  the  anterior  eud  oS  ftiftXroi^j  \e^ Xa^w^Sn^, 

Length  .70  inch. 
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5^0TE. — ^We  would  invite  the  special  attention  of  the  members  of  the 
survey  and  other  traveling  and  collecting  parties  to  the  preservation  in 
alcohol  of  the  parasites  of  birds,  mammals,  snakes,  lizards,  and  frogs. 
Search  for  them  in  the  brain,  under  the  skin,  and  in  the  intestines,  lungs, 
and  liver  of  all  these  animals.  Also  look  for  various  bot-fly  larvae  under 
the  skin  of  the  buffalo,  deer,  elk,  squirrels,  and  all  sorts  of  mammals. 

The  beaver  in  Europe  is  tenanted  by  a  singular  flattened  parasite, 
somewhat  flea-like,  the  discovery  of  which  is  to  be  looked  for  in  this 
country.  Moreover,  hair-worms  (Gordius),  and  the  intestinal  worms  of 
the  Indians  are  much  desired. 

47  G  s 


td 


DESCRIPTION  OF  NEW  INSECTS. 


By  a.  S.  Packard,  Jr.,  M.  B. 


DIPTEBOUS  LABVA  FOUND  IN    THE  OIZZABD  OF    PIGOIDES  ABCTIOUS. 


Fig.  65,  a,  dorsal,  6,  ventral  view  of  larva;  c,  end  of  body;  d,  side 
view  of  end  of  body ;  e,  dorsal  view  of  end  of  body ;  /,  head,  greatly 
magnified. 

Body  white,  cylindrical,  a  little  flattened,  with  twelve  segments  excla- 
sive  of  head,  the  segments  moderately  convex.  Head  very  minute, 
sunken  in  the  small  pro-  p.     ^ 


<a 


t> 


DIPTEROUS  LARVA. 


thoracic  segment,  (which 
is  much  smaller  than  the      *^ 
second    or    mesothoracic    T-^k 
segment ;)    subtriaugular  f^'^'\ 
in  form,  a  little  longer  |  j 

than  broad;  a  transverse  — ^ ' 

suture  just  in  front  of  in- 
sertion of  antenuse  indi- 
cates the  posterior  edge 
of  the  cly|)eus.  Antenu® 
cylindrical,  two-jointed, 
tlie  second  joint  longer 
than  basal,  and  rather 
slenderer,  its  tip  reaching 
as  far  as  the  end  of  the 
head. 

Terminal  segment  of  the 
body  jnuch  smaller  and 
narrower  than  the  penultimate,  bearing  two  large,  stout,  upcurved 
corneous  hooks,  with  adjoining  bases;  nine  stigmata,  one  on  prothorax 
and  one  on  first  eight  abdominal  segments,  round  minute,  corneous,  the 
ninth  round,  with  around  area  on  one  side. 

Length  .35  inch;  135  si)ecimens  taken  ^'from  the  gizzard  of  Picaides 
arcticusy  (No.  230,)  Lower  Geyser  Basin,  August  20,  1872,  by  C.  II. 
Merriam.''  Some  of  these  larvae  were  half  grown.  Most  of  them  were 
perfectly  preserved ;  a  few  had  been  partially  digested.  With  them 
were  associated  a  part  of  the  body  of  a  Ceramhycid  larva,  and  a  portion 
of  the  elytra  of  a  Scolytus-like  beetle,  so  that  they  most  have  come  from 
under  the  bark  of  some  tree. 

This  larva,  remarkable  for  its  large  size,  its  minute  head,  and  terminal 
upcurved  hooks,  like  those  of  many  coleopterous  larvae  living  under 
bark,  seems  to  be  related  to  the  young  of  the  CecidomyiadcB^  or  perhaps  a 
closely  allied  group,  from  the  two-jointed  autennse,  the  general  form  of 
the  minute  head,  and  the  presence  of  nine  stigmata.  Several  Cecidomyia 
larvsB  have  a  pair  of  anal  appendages,  though  not  so  marked  as  in  tU^ 
present  form. 


Fig.  67. 
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ABiCHNIDA. 

Ixodes  hotU  Biloy.  (Packard,  in  First  Report  Peabody  Academy  of 
Science,  1869,  Fig.  66,  fnlly  gorged  indiridnal,  natural  size,  and  au- 
oUicr  emptj-,  enlarged :  Fig.  67,  mouth-parts  much  enlarged.) 
A  reddish  coriaceous  flattened  species,  with  the  body  oblong  ovftl, 
contracted  just  behind  the  middle;  head  short  and  broad,  not  spmed 
behind,  with  twodeep, round 
pits;  palpi  nnd  beak  together 
onnBually  short;  palpi  long 
and  slender;  labium   short 
and  broad,  densely  spined 
beneath;  above,  the  mandi- 
bles are  smooth,   with  ter- 
minal hooks ;  thoracic  shield 
distinct,    one-third    longer 
than  wide,  smooth  and  ik>1- 
ished,  convex,  with  the  1y- 
rate  mesial  convexity  very 
distinct.    The  whole  body 
is  sparsely  covered  with  mi- 
nute hairs.     Legs  long  and 
Blender,  pale  testaceous  red ; 
coxie  not  spined. 
Length  of  body,  .15  of  an 
inch ;  width,  .09  of  an  inch. 

This  species,  which  occurs  in  great  abundance  at  times  on  cattle  in 
the  West,  and  Texas  and  Central  America,  was  also  detected  by  Mr. 
Illeniam  on  a  porcupine,  [Erethizon  epixanthw,)  August  10,  1872,  at 
Henry's  Lake,  Idaho  Territory;  and  on  L?pm  Bairdii,  (No.  47,)  col- 
lected September  15,  1872,  at  Snake  Kiver,  Wyoming  Territory. 

Arijn.i  Amerk^ina,  n.  sp.  (Fig.  68.) 
Tliougli  our  specimens  arc  from  Texas,  (Bclfragc,)  yot  this  interesting 
genus,  whicli  has  not  been  known  before  to 
iiilialiit  America,  is  associated  with  Ixodvt 
borin,  having  been  received  in  a  lot  of 
IjixleH  taken  from  cattle. 

Body  very  flat  and  thin,  oval,  with  the 
''  head  and    mouth-parts  concealed    by   the 
o\errcaching  dorsal   portion   of  the  bo<ly, 
nhich  is  bent  upward  around  the  margin, 
though   the  edge  is  not  revolnte.    Jiotly 
ibove  covcix-'d  with   very  nuiuerons  little 
round  pits,  large  in  the  middle  nnd  becom- 
ing smaller   on  the  edge.    There  are  two 
lirge,  conspicuous  oval  pits  on  middle  of 
.  the  anterior  third  of  body ;  just  in  front  of 
y  the  middle  a  transverse  curved  row  of  six 
■^  '^mailer  pits,  three  on  each  side.     Behind 
are  six  prominent  pits,  three  on  each  sid4>. 
On  posterior  third  of  the  body  ai'e  rows  of 
AS        «  "  »N*  these  punctures  radiating  outward.     The 

odfi^c  of  the  hm\%  i^  ro\ighl\  t^  xnulated.    Jlargin  of  body  beueatli  pitted 
ns  iboM      Smoot\»WU\tvnX\w\e'^*w\'\w\  Wc  Vw*.-!..    Palpi  long  and 


Fig.  68. 
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and  stoat,  hind  pair  just  reaching  edge  of  body.  Claws  long  and  curved, 
as  usual. 

Length,  .26  inch ;  breadth,  .15  inch. 

It  is  nearly  allied  in  form  to  Argas  Persicus,  (see  Plate  33,  Fig.  6,  D., 
Insectes  Aptferes,  Walkenaer  et  Gervais,)  but  diners  in  the  edge  of  body 
being  more  finely  granulated,  and  in  the  pits  posteriorly  being  arranged 
in  radiating  lines.  The  Persian  Argas  is  extremely  troublesome  to 
travelers  in  the  East,  and  the  American  species  is  noticed  here  as  it 
was  found  among  a  number  of  Ixodes  bovis  taken  by  Mr.  G.  W.  Belfrage 
from  cattle  in  Texas. 


INSECTS  INHABITING  GREAT  SALT  LAKE  AND  OTHER  SALINE 

OR  ALKALINE  LAKES  IN  THE  WEST. 

By  a.  S.  Packard,  Jr.,  M.  D. 

The  subject  of  brine-inhabiting  insects  is  one  of  very  considerable 
interest,  both  in  a  physiological  and  zoo-geographical  point  of  view,  as 
well  as  from  its  bearings  on  qaestions  relating  to  the  earlier  geological 
history  of  the  American  continent. 

Professor  A.  E.  Verrill  has  found  the  larvae  of  Chironomus  oceanictiSj 
Pack.,  living  at  the  enormous  depth  of  120  feet  in  the  sea  at  Eastport, 
Maine.  We  have  also  found  the  same  insect  between  tide-marks,  in 
Maine  and  Massachusetts,  and  have,  in  company  with  Professors  Moebius 
and  Kupflfer,  dredged  a  very  similar  species  at  the  depth  of  three  or  four 
fathoms,  in  the  bay  of  Kiel,  on  the  shores  of  the  Baltic  Sea.  Thus  an 
air-breathing  insect,  whose  congeners  live  in  fresh-water  pools,  is  capa- 
ble of  living  at  considerable  depth  in  the  sea 

Now,  exceedingly  few  insects  which  pass  their  life  in  fresh  water  are 
found  living  in  the  sea;  on  the  other  hand,  we  know  of  many  more 
marine  genera  of  shrimps,  &c.,  (Crustacea,)  which  live  in  fresh  water; 
such  are  species  of  Palsemon  and  allies,  and  Gammarns;  several  species 
of  the  former  genus  are  found  living  in  bodies  of  fresh  water,  both  in 
the  Southern  States  and  in  Italy.  All  the  fresh- water  forms  of  life  have 
probably  come  from  saltwater  ancestors,  as,  in  the  early  geological  ages 
there  were  no  large  bodies  of  fresh- water;  and  as  in  the  present  day, 
both  in  the  great  lakes  of  America  (Lakes  Superior  and  Michigan)  and 
the  deep  lakes  of  Sweden,  which  were  formerly  arms  of  the  sea,  we  find 
marine  Crustacea  in  the  water,  at  the  bottom,  while  the  surface-water 
contains  Iresh-water  forms. 

As  extremely  interesting  in  this  connection,  I  will  translate,  from  an 
able  memoir  of  Professor  F.  Plateau,*  some  conclusions  from  his  ex- 
tended studies  of  the  action  of  the  sea  on  fresh-water  insects  and  Crus- 
tacea, and  of  fresh  water  on  marine  Crustacea. 

ARTICULATES  LIVING  IN  FRESH  WATER. 

1.  Sea- water  has  but  a  very  feeble  influence,  or  none,  on  aquatic  Col* 
eoptera  (beetles)  or  Hemiptera,  (bugs,)  in  the  perfect  state ;  this  influ- 
ence is  perhaps  a  little  greater  for  the  larvae. 

2.  Sea-water  injures  such  fresh-water  articulates  as  have  a  thin  skin, 
or  branchiae,  and  these  effects  are,  in  general,  the  more  marked  a^  the 
extent  of  tHe  thin  skin  is  greater. 

3.  The  fresh-water  articulates  which  can  live  with  impunity  in  sea- 
TUkter,  are  those  in  which  there  is  no  absorption  of  salt  water  by  the 
skin ;  those  which  die  in  a  comparatively  short  time,  have  absorbed 
chloride  of  sodium  and  magnesium. 

4.  The  injurious  salts  contained  in  sea  water,  are  the  chlorides  of  so- 
dium and  of  magnesium ;  the  influence  of  sulphates  may  be  regarded  as 
nothing. 

5.  The  difference  in  density  which  exists  between  fresh  and  salt  water 
does  not  explain  the  death  of  fresh-water  articulates  in  salt  water. 

•  Reclierches  Physico-Chemiqaes  Bar  lea  Articu\6^  Aq](i&l\i\>\«&.   'arvsL-xji^^!^  V5\^* 
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6.  When  fresh-water  articulates  pass  by  a  very  slow  transition  from 
fresh  into  salt  water,  and  when,  (luring  this  transition,  reproduction  has 
taken  place,  the  new  generation  resists  much  longer  the  action  of  8al^ 
water  than  the  ordinary  individuals  of  the  species. 

MABmE  CRUSTACEA. 

7.  The  most  common  Crustacea  of  our  shores  die  in  fresh  water,  after 
a  time,  varying  with  each  species,  but  not  passing  beyond  nine  hours. 

8.  Marine  Crustacea  plunged  in  fresh  water  lose  the  salts  (especially 
the  chloride  of  sodium)  with  which  their  tissues  are  impregnated. 

9.  In  the  greater  number  of  cases  the  presence  of  chloride  of  sodium 
is  a  part  of  the  indispensable  conditions  of  the  existence  of  marine  Crus- 
tacea.   This  salt  seems  to  be  the  sole  necessity. 

10.  Small  individuals,  and  those  which,  having  just  moulted,  have  the 
teguments  thin,  resist  less  than  the  others  the  influence  of  liquids  of 
exceptionable  composition. 

11.  The  difference  between  the  densities  of  sea  and  fresh  water  can- 
not be  considered  as  the  cause  of  the  death  of  nuurine  Crustacea  in  fresh 
water. 

12.  (Applicable  to  the  two  groups.)  The  principle  of  endosmose  ex- 
plains the  absorption  of  salt  by  the  thin  tegument  or  branchial  surfaces 
of  fresh-water  articulates  placed  in  sea-water;  the  diffusion  of  gases 
and  dialysis,  operating  with  more  energy  for  the  chlorides  of  sodium 
and  magnesium  than  for  the  sulphate  of  magnesium,  showing  in  virtoe  of 
which  cause  that  the  chlorides  alone  of  sea- water  are  absorb^.  Finally, 
dialysis  explains  how  marine  Crustacea,  when  placed  in  fresh  water, 
lose  in  this  liquid  the  salts  with  which  they  were  impregnated. 

So  much  has  been  said  about  the  absence  of  life  in  the  Great  Salt 
Lake,  that  an  erroneous  impression  may  prevail  as  to  the  life  of  that, 
and  similar  though  smaller  lakes.  With  a  view  of  imparting  what 
knowledge  we  now  have  as  to  this  subject,  in  order  to  earnestly  call  the 
attention  of  those  who  live  near  the  shores  of  Great  Salt  Lake,  and 
travelers  and  collectors  to  this  subject,  I  will  give  a  brief  account  of 
what  is  known  regarding  articulate  life  in  these  saline  waters. 

In  1852  Mr.  T.  K.  Pealo  prepared  for  Stansbury's  '* Report  on  the 
Valley  of  the  Great  Salt  Lake  of  Utah,"  p.  370,  an  account  of  the  insect- 
life  of  the  lake.  He  states  that  in  a  mass  of  exuviae  of  insects  brought 
from  the  shores  of  the  Great  Salt  Lake,  there  was  an  abundance  of  the 
larvic  and  exuviie  of  the  pupie  of  Chironomus,  and  fragments  of  other 
tii)iili(lje. 

Afterward  Mr.  S.  A.  Briggs,  of  Chicago,  noticed  and  figured  in 
*^  Science  Gossip,"  (London,)  a  creature  whose  zoological  position  he 
did  not  know.     It  was  the  larva  of  a  species  of  Ephydra. 

This  pui)je-case  was  afterward  described  by  me  under  the  name  Ephydra 
gracilis,*  The  specimens  were  collected  by  Mr.  Sereno  Watson.  Oth(|[ 
specimens  of  the  larvao,  as  well  as  pupae  and  adult  flies,  were  eoUectea 
by  ^Ir.  S.  A.  Garman,  and  also  by  Mr.  J.  A.  Allen,  and  are  in  the  Museum 
of  Comparative  Zoology  at  Cambridge,  and  will  be  described  hereafter. 
The  Epliydra  sometimes  occurs  in  large  quantities. 

I  have  also  received  from  Mr.  Garman  two  specimens  of  Corixa  taken 
by  him  from  the  lake. 

Undoubtedly  other  insects  will  be  found  in  Salt  Lake,  and  we  trust 
some  one  of  the  readers  of  this  article  will  make  a  careful  examination 


*  AmencaTi  3ovlxai3\  oi  ^Q.\e,\iQ.vi  ^^^i  ^\."^^^vJwia»T^  A^"^* 
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of  the  shores  of  the  lake,  and  carefully  preserve  and  forward  to  the 
gffice  of  the  survey  every  trace  of  life  he  may  find. 

In  proof  of  this  supposition,  I  may  state  that  the  late  lamented  Pro- 
fessor Torrey,  in  1870,  made  an  exceedingly  interesting  collection  of 
insects  in  the  brine  of  Clear  Lake,  California.  This  collection  comprised 
two  aquatic  beetles,  (Laccophilus  decipienSy  Lee.,  and  Berosm  punctatisHi- 
mu8,)  and  the  early  stages  of  three  flies,  t.  e.j  a  species  of  TanypuSj 
StratiomySy  and  JEphydra  Cdlifornica  Pack. 

This  last  species  lives  in  the  "excessively  salt,  but  also  strongly  alka- 
line" Lake  Mono,  in  California.  The  late  Mr.  Horace  Mann,  jr..,  remarked 
that  the  Indians  about  Mono  Lake  eat  the  pupse-cases  of  Ephydra  in 
large  quantities. 

Two  hemipterous  insects  also  inhabit  Clear  Lake,  t.  e.,  a  Oerris-like 
form,  Hydrotrechus  robmius  Uhler,  and  Corixa  decolor  Uhler. 

The  genus  Ephydra  is  also  an  inhabitant  of  salt- vats  and  of  the  shores 
of  the  ocean.    The  larvee  live  on  decaying  organic  matter. 

Wet  now  come  to  that  strange  crustacean  or  shrimp-like  creature,  the 
Artemiaj  an  animal  found  in  different  parts  of  the  world  in  salt-vats, 
i?aline  pools  and  lakes.  The  family  to  which  it  belongs  is,  par  excellence^ 
a  fresh- water  group,  and  though  the  respiratory  surface  of  the  false 
gills  presents  an  enormous  extent,  and  one  judging  by  the  principles 
advanced  by  Plateau,  as  quoted  above,  (section  2,)  would  think  this  to 
be  the  last  animal  to  be  readily  adapted  to  a  saline  life,  yet  it  flourishes 
in  immense  numbers  in  the  densest  and  strongest  brine. 

The  brine  crustacean  of  Salt  Lake  was  first  described  by  Professor 
A.  E.  Verrill,  in  the  American  Journal  of  Science  and  Arts,  November, 
1869,  under  the  name  of  Artemia  fertilis.  It  was  collected  at  Salt  Lake 
by  Messrs.  Sereno  Watson,  D.  C.  Eaton,  and  S.  A.  Briggs.  The  former 
alludes  to  its  occurrence  in  vast  numbers. 

Mr.  S.  W.  Garman,  who  has  specially  observed  this  creature  while  alive 
in  the  lake,  writes  the  following  notice  of  its  habits  to  the  American 
l^aturalist  for  December,  1872.  "A  peculiarity  of  the  little  crustacean 
(Artemia  fertilitOy  Verrill)  living  in  the  waters  of  Salt  Lake,  which  ought 
to  be  noticed,  is  that  of  its  congregating  in  masses  of  strange  appear- 
ance in  the  water.  When  the  masses  are  small  they  sometimes  stretch 
out  so  as  to  have  the  form  of  a  serpent.  All  other  times  they  represent 
rings,  globes,  and  various  irregular  figures.  A  gentle  breeze  does  not 
affect  the  water  filled  by  Artemiae,  so  that  while  the  water  on  all  sides 
of  these  dense  congregations  is  slightly  ruffled,  that  which  they  occupy 
remains  as  if  covered  by  oil,  thus  indicating  the  figure  of  the  mass.  My 
attention  was  called  to  them  by  seeing  on  the  surface  the  figure  of  a  great 
serpent  in  one  place  and  in  another  what  appeared  to  be  a  small  stream 
of  comparatively  still  water  flowing  out  through  the  lake.  Though  I 
waded  out  to  and  through  these  immense  bodies,  I  could  not  positively 
ascertain  that  the  individuals  were  traveling  in  a  common  direction ; 
|jhe  time  was  too  short  to  determine  this,  yet  I  think  it  is  the  facf 

It  is  apparent  that  a  study  of  the  habits  of  this  animal  is  much  to  be 
desired,  and  collections  of  the  eggs,  young,  and  both  sexes  in  large 
quantities  and  preserved  in  strong  alcohol^  are  greatly  needed  for  the  fiir- 
fher  elucidation  of  its  mode  of  life  and  structure. 

We  have  shown  that  the  animal  life  of  the  great  Salt  Lake  is,  we  had 
almost  said,  abundant,  and  the  idea  of  Professor  JBaird,  if  carried  out, 
of  stocking  this  lake  with  fish,  is  not  an  impracticable  one  so  far  as  na- 
tural food  for  such  fish  is  concerned. 
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OTHER  FRESH- WATER  CRCTSTACEA  ALLIED  TO  ARTEMLA.^ 

There  are  certain  other  remarkable  cmstacea  foond  living  in  pools 
which  are  apt  to  dry  np  late  in  the  snmnier,  which  are  allied  to  the 
Artemia,  and  are  locally  abundant  in  the  far  West.  This  notice  is 
inserted  to  call  the  attention  of  travellers  and  collectors,  as  well  as 
members  of  the  survey,  to  them. 

First,  the  shelled  cmstacea,  or  lAmiuidia  and  Estheria.  These  are 
singular  Crustacea,  which  are  protected  by  a  valve-like  expansion  of  the 
back,  so  that  the  body  is  inclosed  by  two  shells,  and  the  creature  bears 
a  most  remarkable  likeness  to  the  bivalves  of  pools  and  streams,  (Cifclas.) 
In  Texas  a  species  of  Limnadi  (L.  Texana  Pack.)  is  quite  common,  ac- 
cording to  Mr.  Belfrage,  in  Western  Texas  in  the  early  spring.  It  occurs 
in  muddy  pools  made  after  rains,  and  wholly  disappears  with  the  first 
drying  of  the  pools.  <^As  far  as  I  have  seen,  they  are  only  found  in  the 
woody  bottom-lands  and  always  near  creeks."  It  may  also  be  looked 
for  in  Colorado,  Kansas,  and  Montana,  and  probably  Arizona. 

With  these  bivalved  cmstacea  occur  usually  in  great  numbers,  when 
found  at  all,  Artemia-like  animals,  the  Branchipus,  specimens  of  which 
are  most  desirable  to  compare  with  the  brine  crustacean.  But  the 
most  interesting  of  all  these  phyllopod  crustaceans  is  theApuSjRn  anim^ 
found  abundantly  at  times  in  pools  in  Kansas,  and  Texas,  and  Mexico, 
and  the  plains  of  the  Rocky  Mountains.  In  collecting  the  Apus,  large 
numbers  of  the  young  and  old  are  desired,  preserved  in  strong  alcohol, 
and  the  exact  date  and  locality  should  be  inserted  in  the  bottle,  written 
on  a  piece  of  firm  paper,  in  pencil  or  ink. 

These  animals  are  about  an  inch  long;  a  round  shield,  bearing  simple 
and  compound  eyes,  protects  the  front  part  of  jthe  body,  while  the  hinder 
portion  is  long  and  narrow,  consisting  of  many  segments,  bearing  beneath 
leaf-like  gills.  The  body  ends  in  two  long  feelers,  much  like  those  arising 
from  the  head.  They  have  been  fourul  by  Von  Siebold  to  be  partheno- 
genous,  i,  c,  the  females  produce  young  from  eggs  without  union  with 
the  other  sex. 

North  America  is  richer  than  any  other  quarter  of  the  globe  in  species, 
though  it  is  a  remarkable  fact  that  none  are  known  to  exist  east  of  the 
Mississippi  liiver. 


BOTANY. 

By  John  M.  Coulter, 

Washington,  D.  0.,  April  15,  1873. 

Sm :  I  have  the  honor  of  presenting  to  you  my  report  upon  the  bota- 
nical specimens  collect/Cd  this  last  summer. 

I  have  separated  the  botany  of  the  region  I  traversed  into  three 
divisions,  sufficiently  distinct,  in  my  opinion,  to  form  as  many  separate 
florae,  and  have  given  their  different  conditions  of  soil  and  climate. 

I  have  included  in  my  notes  upon  the  mountain-iiora  a  short  table  of 
timber-lines,  showing  the  variation  in  the  height  of  the  timber-line, 
depending  on  the  latitude  and  the  presence  of  elevated  plateaus  or  large 
bodies  of  water.  The  latitude  is  given  with  each  peak,  but  the  other 
conditions  are  so  well  known  it  was  thought  unnecessary  to  include 
them. 

I  have  also  added  three  tables  comparing  the  flora  of  the  western 
slope  of  the  Bocky  Mountains,  between  latitudes  43^  and  46^,  with  that 
of  the  eastern  slope.  The  tables  were  compiled  from  the  collections  of 
1871  and  of  this  last  season,  and  are  necessarily  imperfect,  though  they 
will  serve  to  give  some  idea  of  the  distribution  of  phenogamous  vegeta- 
tion on  both  slopes  of  the  dividing-ridge. 

Of  grasses,  about  sixty  species  were  obtained ;  of  mosses,  fifty-three 
species ;  of  lichens,  sixty-six  species,  including  varieties,  of  which  one 
is  probably  new  to  science,  and  two  new  to  the  continent.  Among  the 
few  Fungi  collected,  two  new  species  have  been  described  by  Charles 
H,  Peck,  esq.  There  probably  will  be  in  the  whole  collection  nearly 
1,200  si>ecies  of  plants. 

I  wish  here  to  express  my  thanks  for  the  many  favors  I  have  received 
from  botanists.  To  Professor  Thomas  C.  Porter  were  intrusted  all  the 
doubtful  specimens  and  new  species  of  Phenogamia,  and  I  am  under 
the  greatest  obligation  to  him  for  his  prompt  attention  and  ready 
response,  as  well  as  for  the  great  interest  he  has  always  shown  in  my 
work.  He  very  kindly  consented  to  make  a  re-examination  of  my  whole 
collection  of  Phenogamia,  except  the  Conifercej  and  to  correct  the  mis- 
takes of  inexperience. 

Through  the  kindness  of  Dr.  George  Vasey,  I  have  had  access  to  all 
the  collections  at  the  Agricultural  Department,  which  proved  of  infinite 
service.  I  would  thank  him  also  for  the  interest  he  took  in  my  work, 
and  for  the  valuable  assistance  he  repeatedly  rendered  me. 

Thanks  are  due  also  to  Henry  Willey,  esq.,  Charles  H.  Peck,  Leo 
Lesquereux,  S.  T.  Olney,  George  Thurber,  and  others  for  the  determina- 
tion of  those  species  to  which  they  have  devoted  special  attention. 

The  study  of  western  flora  is  an  immense  field  open  now  to  all  lovers 
of  botany,  and  many  rich  harvests  are  waiting  to  be  reaped  by  the  in- 
dustrious collector.  Hoping  that  under  your  auspices  in  the  future, 
as  in  the  past,  much  information  may  be  added  to  our  comparatively 
meager  knowledge  of  western  botany, 

I  am,  very  respectfully,  your  obedient  servant, 

JOHN  M.  COULTER. 

Dr.  F.  V.  Hayden, 

United  /States  Oeologist 
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The  plants  catalogued  in  the  present  volume  were  all  collected  during 
the  season  of  1872.  I  was  attached  to  the  party  under  command  of 
On  plain  Stevenson,  and  remained  with  it  through  the  whole  summer, 
Up  to  the  Fire  Hole  Basin,  Philo  J.  Beveridge  acted  as  my  assistant, 
and  proved  himself  an  active,  earnest  worker.  Most  of  the  collection 
was  pressed  by  him,  and  the  care  he  always  took  has  made  handsome 
specimens. 

In  the  party  under  the  immediate  direction  of  Dr.  Hayden,  Mr.  Wal- 
ter Piatt  took  charge  of  the  botanical  collections,  and  rendered  good 
service  in  the  region  he  traversed.  Although  the  plants  common  to 
the  mountain  ranges  and  valleys  along  the  Yellowstone  are  not  essen- 
tially different  from  those  found  along  Snake  River,  yet  it  is  interesting 
to  note  the  fact  of  their  exist<5nce  on  both  the  eastern  and  western 
water-sheds.  A  slight  difference  can  be  traced,  but  by  no  means  suffi- 
ciently great  to  justify  making  two  distinct  floras,  one  of  the  eastern, 
the  other  of  the  western  slope. 

Collections  were  commenced  in  the  last  of  May  at  Ogden,  Utah, 
where  our  permanent  camp  was  located  until  the  last  of  June.  During 
this  time  a  line  opportunity  was  afforded  for  studying  the  local  flora  of 
the  plain  bordering  on  Great  Salt  Lake,  as  well  as  that  part  of  the 
Wahsatch  range  of  mountains,  near  which  Ogdlen  is  situated.  The  flora 
of  this  great  basin  has  been  so  thoroughly  examined  and  described  by 
Sereno  Watson  in  his  final  report  that  very  little  can  be  said  in  addi- 
tion. Several  trips  were  made  to  the  shoi*es  of  Great  Salt  Lake,  and 
collections  were  obtained  of  the  flora  of  that  peculiar  region.  During 
our  stay  of  a  month  over  three  hundred  species  were  collected,  repre- 
senting fully  the  June  vegetation  of  that  locality.  Eepresentatives 
were  obtained  from  four  different  conditions  of  soil  and  temperature, 
viz,  the  borders  of  Salt  Liake  and  its  neighboring  alkaline  marshes; 
the  common  sandy  sage-brush  plain,  somewhat  enriched  hero  by  the 
iirif]jation  universally  practiced  in  Utali ;  the  alluvial  deposits  along 
(>;i:(len  and  Weber  IvivcTs  ;  and  the  mountains  of  the  Wahsatch  Range. 
On  the  latter  very  few  alpine  plants  were  discovered,  for  a  sub-alpine 
flora  clothes  almost  entirely  the  highest  peaks, 

From  Ogden  coUections  were  made  in  the  latter  part  of  June  along 
the  stage-route  to  Fort  Hall ;  in  July  from  Fort  Uall  to  the  Teton  Basin 
and  western  slopes  of  the  Teton  Itange ,  in  August,  up  Uenry's  Fork  to 
Henry's  Lake,  across  the  ^^Tyghee*'  Pass  and  into  the  Fire-Hole  Ba- 
sins. After  this  date  the  flowering  season  liad  about  passed,  and  only  a 
lew  species  not  before  collected  were  noticed.  Collections  were  made 
in  Hepteniber  and  the  first  of  October  down  the  South  Fork  of  Snake 
River,  principally  of  plants  in  an  advanced  state  of  fruitage.  On  Oc- 
tol)er  11  we  closed  our  collections  at  Fort  Hall,  having  been  about  five 
months  in  the  field. 

1  would  divide  the  plants  collected  into  three  separate  and  distinct 
tioras,  viz: 

I.  The  fiora  of  the  plains  from  Ogden,  Utah,  to  the  Teton  Basin. 

II.  The  flora  of  the  Teton  Range  and  Mountains  along  the  Yellow- 
stone. 

III.  The  fiora  of  theGeVvser  Basins. 

Although  a  few  flowers  are  common  to  all  these  divisions,  as  can  be 
s(vn  in  the  following  catalogue,  yet  the  main  features  are  very  distinct. 

I .  The  Flora  of  the  plains  is  exactly  what  has  been  so  often  seen  and 
described  on  all  the  vast  ''sage-brush"  deserts  of  the  West.  It  is  pecu- 
liar to  this  dry,  sauAy  \e^YO\\,^^vitmviVi\i\\vviY^.laKunant  than  one  wonld 
imaijiue  from  the  luvUit^  ol  W\^  ^vA\.    M.  Wi^  ^'^.\£i^  Mws^v-  \^\isivy5»\ssfc^  vj.^- 
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tremely  monotonous,  as  a  few  species  exhaust  the  number,  and  you  can 
observe  but  an  endless  display  of  individuals.  As  justly  remarked  by 
C.  C.  Parry,  in  bis  "Botany  of  the  Mexican  Boundary,''  "the  peculiari- 
ties of  the  scenery  of  a  country  depend  upon  its  vegetable  productions." 
Thus  one  who  has  ever  traveled  across  these  sand  deserts  will  not  fail 
to  picture  them  in  his  memory,  connected  with  the  universally  prevalent 
gray  or  dull  olive  color  of  the  herbage.  Hence,  owing  to  the  immense 
number  of  individuals  represented  by  only  a  few  species,  the  scenery  of 
the  country  has  an  unpleasant  sameness.  The  extensive  plains  exhibit 
a  monotonous  succession  of  the  same  forms,  and  the  botanist,  knowing 
exactly  what  to  expect,  loses  the  zeal  he  would  i>ossess  in  a  more  varied 
region.  Occasionally,  where  a  stream  has  made  a  richer  soil,  there  is  a 
change  from  desert  to  valley  flora,  and  the  more  brilliant  hues  of  the 
vegetation,  from  the  delicately  tinted  petals  to  the  rich  green  leaves,  is 
a  wonderful  rest  to  the  eyes  and  awakens  new  zeal. 

On  all  these  plains  an  entire  absence  of  trees  is  noted,  except  a  few  of 
stunted  growth  along  the  larger  streams ;  while  the  mountain-ranges 
are  sparingly  timbered  with  Coniferm  from  base  to  summit,  intermixed 
along  some  of  the  foot-hills  with  "  bitter  cotton  wood.''  UiK)n  the  plains 
around  Ogden  a  variation  in  the  flora  is  noted  as  we  near  Great  Salt 
Lake.  The  higher  types  seem  unable  to  exist  in  the  strongly  alkaline 
soil,  and  give  place  to  the  ChenopodMcece,  This  family  is  well  represented 
here,  as  is  common  along  all  bodies  of  salt  water,  not  so  much  by 
the  number  of  species  as  by  the  immense  display  of  individuals.  Small 
Polygonums  and  Euphorbias  also  mat  the  ground  in  places,  but  are  by 
no  means  so  abundant  as  the  Chenopods,  chiefly  represented  by  the 
genus  Obione.  Whei*ever  the  soil  is  largely  charged. with  alkali  the 
^^ gTeskse-\^ood^  {Sarcobatus  vermiculatus)  IB  very  abundant.  In  almost 
the  same  situations  were  always  found  the  HaloHtachys  occidentalism  Sali- 
cornia  herbacea^  and  Uurotm  ianata,  as  well  as  numerous  other  cheno- 
podiaceous  plants. 

Farther  back,  toward  the  mountains,  the  higher  types  appear  again, 
and  with  a  greater  richness  of  color  than  seems  possible  in  such  soil. 
Of  course  the  Artemesias  are  common  everywhere,  and  especially  A. 
tridentata^  completely  covering  the  plains  and  far  up  the  mountain 
slopes.  Among  the  shrubby  Artemisias  can  be  seen  the  beautiful  Calo- 
cluyrtus  NuttaUii^  the  "Sego"  of  the  Mormons,  numerous  PAZoxcir  and 
Gilios,  brilliant-flowered  Cacti,  several  species  of  Eriogonum^  chiefly  E, 
ovalifolmnij  E.  heracleaideSj  and  E.  umbellattimj  several  species  of  CSno- 
thera.  Astragalus^  PhaceliUj  and  many  others  equally  important  that 
might  be  mentioned.  Along  the  water-courses  may  be  seen  two  bright 
Mimuli,  M.  Letcisii  and  M.  Itttem,  several  labiate  plants,  two  species 
of  rose,  JR.  fraxinxfolia  and  2?.  blanda,  many  Ranunculacew,  the  two 
brilliant  Capparidacece,  Cleome  aurea  and  Gleome  integrifoUa,  several 
Onagracew^  &c. 

All  of  these  orders  are  far  surpassed  by  the  Composite,  both  in  the 
great  variety  of  species  and  the  immense  display  of  individuals.  Se- 
reno  Watson  estimates  that  they  comprise  one-seventh  of  western  col- 
lections, and  he  by  ho  means  overestimates  them. 

II.  The  flora  of  the  mountain-ranges.    The  plants  collected  from  the 
Wahsatch  Mountains,  near  Ogden,  are,  for  the  most  part,  sub-alpine,  and 
almost  identical  with  those  collected  at  equal  altitudes  on  the  Teton 
Eange,  and  seem  to  be  identical  with  those  common  to  every  raAvs^<Ji:,\w 
the  Northwest.    But  the  T6tous  rise  so  \nv\ii\\  \\\^\v^ii,  ^w^i  '^^'^  "^^"^^^"^^ 
constantlj  to  such  mevere  cold  from  snow  auA  ^^Nm^Si^^^^X^^^^^^^^^^f^ 
feet^  I  gathered  a  flora  such  as  I  saw  uowAiet^  e\^e>  o\i  X\^<i  Xvv\>.     a-V^*^  " 
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eDtly  de1ic<^te  plants  were  seen  blooming  through  the  snow,  and  vegeta- 
tion, though  limited  in  species,  seems  abundant  antil  within  three  hun- 
dred feet  of  the  summit  of  Mount  Hay  den,  where  all  plant-life  ceases, 
except  a  few  lichens  clinging  to  a  bare  rock,  which  is  swept  continually 
by  tierce  winds.  A  fine  field  was  presented  here  for  the  collection  of 
truly  alpine  plants,  and  no  opportunity  was  lost  for  obtaining  an^^thing 
peculiar  to  this  great  elevation,  unusually  exposed,  as  it  is,  to  tempests. 
All  the  alpine  plants  are  noted  in  the  catiilogue,  and  the  elevations 
given  at  which  they  were  collected.  The  T^ton  Eange  is  heavily  tim- 
bered with  Coni/ercej  chiefLy  Pinus  ponderasay  to  an  altitude  of  11,000 
feet,  this  being  the  average  timber-line  of  the  whole  range.  The  maxi- 
mum growth  is  at  an  altitude  between  8,000  and  10,000  feet.  A  marked 
ditl'ereuce  is  observed,  however,  between  the  western  and  eastern  slopes, 
the  latter  being  much  more  densely  timbered  than  the  former,  and  the 
trees  much  larger  and  less  twisted  and  gnarled.  This  seems  to  result 
from  the  fact  that  on  the  eastern  side  the  T6tons  rise  almost  sheer  out 
of  the  plains,  presenting  an  enormous  perpendicular  wall,  behind  which 
the  trees  of  the  eastern  slope  are  completely  sheltered ;  while,  on  the 
west,  the  peaks  are  rounded  down  into  the  plains  by  the  foot-hills,  and 
this  whole,  broad,  sloping  side  is  exposed  to  every  blast  from  the  north 
and  west. 

One  noticeable  feature  in  the  tree-life  on  the  mountains  is  the  abmpt- 
ness  with  which  it  terminates  at  the  average  height  of  11,000  feet.  Tall, 
straight  Coniferce  are  seen  growing  to  the  very  edge  of  this  line,  and 
one  step  takes  us  from  a  forest  to  a  bleak,  open  waste,  where  not  a  tree 
can  live,  except  a  few  stunted  and  twisted  forms  that  have  been  bent 
out  of  all  shape  by  the  superincumbent  mass  of  snow  that  rests  upon 
them  during  the  winter.  These  stunted  forms,  sometimes  even  with 
their  tops  matted  close  to  the  ground,  are  always  found  growing  behind 
some  wall  of  rock  or  steep  bank,  where  the  winter  snows  accumulate  in 
immense  drifts  and  completely  cover  and  protect  them  during  the  blight- 
ing winters  of  that  high  altitude.  According  to  Parry  "the  so-called 
timber-line  marks  the  extreme  point  of  minimum  winter  temperature, 
below  which  no  exposed  phienoganious  vegetation  can  exist.''  All  life 
above  this  limit  is  buried  by  the  deep  winter  snows,  and  thus  protected ; 
hence  in  this  truly  alpine  region  many  plants  are  found  that  are  com- 
mon at  mncli  lower  altitudes.  The  flowering  season  is  necessarily  short, 
and  we  were  fortunate  in  being  upon  the  Tetons  in  the  very  midst  of  it, 
during  the  last  part  of  July. 

I  have  said  that  all  pluenogamous  life  ceases  within  300  feet  of  the  sum- 
mit of  Mount  IJayden,  which  is  about  13,800  feet  above  the  level  of  the  sea. 
Tliis  is  owing  to  the  great  sharpness  of  the  peak  not  allowing  the 
snow  to  rest  upon  it,  but  to  accumulate  in  great  banks  upon  its  lower 
sl()i)es.  Hence  there  is  no  protection  for  plants  during  the  long  winters 
above  this  bank,  and  we  pass  suddenly  from  a  bright,  varied  alpine 
ve;jfetation  to  bleak,  lichen-covered  rocks,  just  as,  2,000  feet  below,  we 
passed  suddenly  from  forest  grow^th  to  a  low,  matted  vegetation.  It  is 
noticeable  that  the  timber-line  becomes  lower  as  we  advance,  farther 
north  in  almost  a  fixed  proportion  to  the  latitude.  The  altitude  of  this 
line  was  accMirately  measured  by  Mr.  Henry  Gannett  upon  every  mount- 
ain he  ascended,  and  I  insert  below  a  table  containing  the  altitude  of 
this  line  ni)on  several  peaks,  together  with  their  approximate  latitudes. 
We  were  unfortunate  in  obtaining  no  accurate  measurement  upon  the 
Tetons,  and  heuco  thvi  altitude  of  the  timber-line  upon  this  isolated 
range  is  but  apv>TOx\iiVt\te. 

The  timberUuea  Vw  CoVot^o  ^xe  m^^W^  i^^^s^  ^^w:^'''^.  ^^as5?ix^\s^^\^j&. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 


751 


I  inclado  also  a  few  peaks  on  other  continents,  for  the  sake  of  comparison, 
the  latitudes  of  which  are  approximate,  as  their  positions  are  well 
known.  The  table  is  arranged  iiccording  to  the  latitudes,  commencing 
at  the  northernmost  point  and  running  south. 


Name. 


on  Bridger's  Peak,  HontaDa 

on  MouDt  Delauo.  Moutana 

on  Ward's  Peak,  Moutana 

on  Moant  Blackmore,  Montana 

on  second  cailon  of  Madison  River,  Montana  . 

on  Electric  Peak^  Wyoming 

on  mount  near  Henry's  Lalce,  Idaho 

on  Mount  Washburn,  Wyoming 


Timber-line 
Timber-line 
Timber-line 
Timber-line 
Timber-line 
Timber-liue 
Timber-line 
Timber-liue 

Timber-liue  on  Mount  Washington,  New  Hampshire, 

Timber-liue  on  Cascade  Range,  Oregon 

Timber-liue  on  Mount  Haydeu,  T6ton  Range 

Timber-liue  on  Wind  River  Monutains 

Timber-liue  on  Monut  Shasta,  California 

Timber-liue  on  Gilbert's  Peak,  in  the  Uintas 

Timber-line  on  Long's  Peak,  Colorado 

Timber-liue  on  Audubon's  Peak,  Colorado 

Timber-liue  on  Mount  Engelmann,  Colorado 

Timber-liue  on  Berthond's  Pass,  Colorado 

Timber-liue  on  Gray's  Peak,  Colorado 

Timber-liue  on  Pike's  Peak,  Colorado 

Colorado  in  general 


Timber-liue  in 

Timber-liue  on  San  Francisco  Mount,  Arizona 


FOREIGN  PEAKS. 


Latitude. 


Ele- 
vation. 


45 
45 
45 
45 
45 
44 
44 
44 


47 
3-2 
30 
26 
00 
58 
55 
48 


44      00 

44    av. 
43      44 


43 
41 
40 
40 
40 


00 
15 
50 
20 
00 


39 
39 
38 


50 
45 
53 


Timber-line  on  Alps 

Timber-line  on  ^tna 

Timber-liue  ou  Himalayas. 
Timber-line  on  Tenerifie... 


Timber-liue  ou  Andes,  in  Sonth  America. 
Timber-line  on  Andes,  in  Mexico 


35      30 


47  to  44  00 
37      48 
28  to  30  00 
27      45 


9, 002 
8, 7.S4 
9, 1'yCi 
9, 5,' 0 
9,/ 54 
9, 442 
9,3(>H 
9,  WO 

5,  m) 

to  5,200 

7,000 

11,000 

10,  K^i) 
H,  000 

11,  KX) 
lO.oOW 
11,325 
11,518 
11,810 
11,(543 
12, 040 
11.(300 

to  12, 000 
11,547 


6,500 
6,  (500 

11,800 
7. 300 

11,  (MX) 
^  12.0(M) 

12, 800 


It  will  be  seen  that  there  is  a  very  regular  increase  in  the  elevation 
of  the  timber-line  ixs  the  latitade  decreases,  subject  of  course  to  varia- 
tions when  in  the  neighborhood  of  high  tablelands  or  seas.  As  we 
approach  the  sea  the  timber-line  rapidly  sinks,  until  it  is  rarely  over 
7,(K)0  feet  in  elevation,  while,  upon  the  mountain-peaks  that  rise  above 
elevated  plateaus,  it  reaches  an  elevation  of  nearly  13,000  feet. 

This  immense  extent  of  high  land  of  course  raises  the  temperature, 
and,  by  allowing  the  height  of  the  timber-line  to  depend  u\)oii  the 
mean  anntiul  temperature  of  the  place,  the  difiference  between  the  height 
of  the  line  near  table-lands  and  seas  is  accounted  for. 

The  Wahsatch  Eange,  near  Ogden,  is  almost  entii'ely  destitute  of 
trees,  their  place  being  supplied  by  tangled  shrubs.  Occasionally  a 
small,  stunted  pine  is  met  with,  and  the  common  juniper,  (J.  occidental^.) 
The  most  common  shrub  is  the  Ceanotkus  velutinttSy  forming  patches  so 
tangled  as  to  be  almost  impassable  to  the  climber.  T\\^  .Cevc^c^T^>]^ 
ledtfoliu^,  or  '^  mountain  mahogany,''  waa  a\^o  uoXaSi  \\i  <i«^^\^^^'3^^^ 
abumJauce  to  the  height  of  7,5(K)  feet. 
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1 11.  The  flora  of  the  Fire-Hole  Basin  is  distinct,  from  the  fact  that  it  is 
a  region  so  covered  with  hot  springs  and  geysers,  giving  in  the  gerser- 
ite,  scattered  everywhere,  an  unnatnral  soil,  and  creating  an  artificial 
warmth.  The  geyserite  is  a  'bleak,  barren  waste,  supporting  only  plants 
j»ecuHar  to  itself,  and  seeming  to  kill  everything  of  a  different  nature. 
A  great  number  of  the  hot  springs  have  made  deposits  until  they  have 
almost  closed  themselves  up.  On  top  of  this  a  soil  has  collected,  the 
spring  underneath  keeps  it  warm,  and  the  luxuriant  growth  of  a  regular 
hot-bed  is  the  result.  The  plants  that  grow  in  such  situations  are  not 
all  of  them  different  in  species  from  those  that  grow  in  the  valleys  near 
by,  but  they  spring  up  much  ranker  and  attain  two  or  three  times  their 
usual  size.  To  some  plants  of  common  species  the  soil  gives  such  a  dis- 
colored appearance  as  to  make  them  at  first  scarcely  recognizable.  For 
instance,  take  the  Gentians  that  are  represented  here  so  profusely.  O. 
detonsa,  O.  affiniSy  and  O.  Amarella  were  repeatedly  met  with  disguised 
by  perfectly  black  stems  and  veins,  leaves  unusually  dark,  and  petals 
with  the  black  appearance  common  to  dried  specimens.  This  was  the 
case  only  in  the  immediate  neighborhood  of  the  hot  springs.  Elsewhere 
they  retained  their  original  coloring,  though  growing  much  ranker  than 
1  ever  saw  them. 

The  plants  growing  on  the  geyserite  are  chiefly  of  the  composite 
family^  represented  by  the  genera  SolidagOj  Senecioj  Chccnactis^  Linosy- 
rh,  Antcnnaria^  and  Achillea,  In  some  of  the  hot  springs  in  both  Upi)er 
and  Lower  Geyser  Basins  an  Alga  was  discovered  growing,  but  it  came 
East  in  such  a  condition  that  its  species  could  not  be  determined.  Also 
in  the  Lower  Basin  were  found  some  orange-colored  cont'ervoid  specimens, 
concerning  which  Charles  H.  Peck,  esq.,  to  whom  they  were  sent,  re- 
marks, "I  believe  the3vhave  been  doscril)ed  under  the  name  Conferva 
aurantiacaj  but  it  is  now  generally  regarded  as  the  primary  stsite  of  some 
plant  of  higher  order,  moss  or  fern.'' 

In  all  this  western  region  the  botanist  notices  the  absence  of  one  great 
group  of  plants.  The  Ferns  are  almost  unrepresented  here,  owing  to 
the  great  dryness  of  the  climate.  Being  fond  of  dark,  damp  plact*s, 
they  are  seldom  found  in  this  elevated  region,  where  the  air  is  dry  ami 
jmre.  Occasionally,  in  some  dark  and  unusually  damp  canon,  a  few 
stunted  forms  were  found,  and  then  in  no  great  abundance.  Two  locali- 
ties only  were  noted  where  Ferns  were  found  in  anv  size  and  abundance: 
once  in  the  new  Geyser  Basin,  discovered  on  Shoshone  Lake,  being 
there  the  hot-bed  growth  before  mentioned;  and  next  under  the  shadow 
of  the  Trtons,  on  the  eastern  slope,  where  a  mountain-stream  had  made 
a  rich  deposit,  and  no  sunlight  could  come  on  account  of  the  immense 
growth  of  Coniferw,  But  seven  genera  were  found,  including  ten  s[>e- 
cies,  viz,  one  FteriH^  two  PeUwaft,  one  Cn/pfofframme^  two  AspidiumSf 
one-  CysfopferiSj  one  Boirychium^  and  two  WoodsiaH,  Of  these  the  Cv«- 
iopterh  fragilis  was  by  far  the  most  abundant.  Botryclilum  lumirwidts^ 
var.  ohliquum,,  was  found  only  in  the  Geyser  Basin. 

.Mosses  were  very  abundant,  both  along  the  cold  streams  of  dark 
canons  and  also  upon  the  bare  rocks  of  the  mountain  tops.  A  consiiler- 
able  collection  was  made,  numbering  lifty-two  species.  Some  were  easily 
determined  by  comi)aring  with  dried  and  labeled  specimens,  but  the 
doubtful  ones  were  sent  to  Leo  Lesqnereux,  esq.,  Columbus,  Ohio,  who 
has  done*  them  full  justice.  It  will  be  noticed  that  some  were  unable 
to  be  determined  on  account  of  having  no  fruit,  especially  si)ecimens  of 
the  genus  Brynm,  The  order  used  in  cataloguing  them  is  that  of  the 
^^  Musci  7:^oreali-Americam^  vil  ^\\\\\\v\\\\>  v\\\\  \a^^^>^v\:^»\\k. 

Lichens  werecolmuo\\o\\\^i^^'o\v^A^^\vlXQVlVQK.^^5.vi,^^i\^^^  ^^^<^ 
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of  the  peaks  seemed  perfectly  covered  with  them,  hardly-  a  square  iuch 
being  seen  that  did  not  bear  some  brilliantl3*-coloreil  specimen.  Tliey 
seemed  to  grow  in  greater  abundance  and  more  biilliancy  of  color  on 
basaltic  rock  than  on  granite.  Specimens  were  obtained  mostly  late  in 
tbe  season,  and  rather  a  large  collection  was  secured.  They  were  sent 
to  Henry  Willey,  esq.,  New  Bedford,  Massachusetts,  and  he  deserves 
greatcredit  for  the  prompt  and  accurate  manner  in  which  he  worked  them 
up.  The  number  of  species  collected,  including  their  several  varieties, 
is  sixty-seven,  all  of  wbicli  are  mounted  and  labeled. 

Fungi  occurred  in  considerable  abundance,  but  as  no  conveniences 
for  preserving  them  were  provided,  but  a  small  collection  could  be  made. 
They  were  sent  to  Charles  H.  Peck,  Albany,  New  York,  who  has  done 
more  than  could  be  expected  with  the  very  indifferent  material  sent  to 
him.  The  fleshy  fungi  are  hard  subjects  to  deal  with  in  the  field,  and 
8eYei:al  expedients  were  resorted  to  for  preserving  them.  An  attempt 
was  made  to  preserve  them  by  pressing  sections,  but  it  was  found  im- 
possible to  keep  them  from  gluing  themselves  to  the  paper  suitable  for 
pressing  flowers,  and  thus  ruining  specimens.  The  very  few  that  I 
did  succeed  in  bringing  home  in  this  manner  could  not  be  determined. 
The  list  of  fungi  therefore  is  rather  small,  although  containing  two  new 
species.  This  is  a  group  that  has  never  been  thoroughly  examined  in 
the  West,  and  I  have  no  doubt  that  a  close  scientific  investigation 
would  disclose  hundreds  of  species  new  to  science.  A  wide  and  an  in- 
teresting field  is  here  laid  open  to  the  mycologist. 

For  the  convenience  of  those  interested  in  comparing  the  flora  of  the 
eastern  and  western  slopes,  I  add  here  three  tables  compiled  from  the 
collections  made  in  1871  and  1872.  Having  but  the  work  of  two  seasons 
as  material,  the  tables  are,  to  a  certain  extent,  necessarily  imperfect,  and 
future  collections  will  make  many  corrections,  but  tliey  will  serve  to 
shew  the  general  distinctions.  None  of  the  plants  peculiar  to  the  Great 
Salt  Lake  Basin  are  included.  No  attempt  was  made  to  include  the 
Gryptogamia,  as  they  are  not  sufiicieutly  known.  It  will  be  remembered 
that  collections  were  made  on  the  Eocky  Mountain  slopes  between  lati- 
tude 43<>  and  46o. 

PU2BKOOAMIA  FOUND  ON  BOTH  SLOPES. 


Clematis  verticinaris. 
DoQglasii. 
lignsticifona. 
Anemone  mnltifida. 
Thaliotrom  FcDcUeri. 
RanonoaloB  aqnatULay 

var.  trichophyUus. 
var.  Bta^alis. 
Cymbalana. 
repeoB. 
nivalis, 

var.  Eflcbsoboltzii. 
Flammala. 
var.  reptanB. 
Caltha  leptoeepala. 
TroUioB  laxQB. 
Aquile^ia  coBrolea. 

flavesoens. 
Delphinium  MenzieBU. 
elatnm. 
var.  (f )  oeddentale. 
Aconitnm  naeatom. 
Act»a  spieata. 
Berberia  Aqnlfoliom. 

48  a  8 


Nnpbar  advena. 
Arabia  Drammondii, 
var.  alpiua. 
CardamiDe  pauclHecta. 
Erysimum  asporum. 

obeirantboideB. 
Sisymbriam  cauesceus. 
juuceum. 
Smelowskia  calycina. 
Stanloya  vlridinora. 
Pbysaria  didymocarpa. 
Draba  alpina. 

nemorosa, 
var.  latea. 
Viola  Nattallii. 
Silene  acaiilis. 

Menziesii. 
LychniR  Dmmmondii. 
Stellaria  longipeB. 
Arenaria  lateriflora. 
coD^esta. 
arotiea. 
Claytonia  Caroliniana, 

var.  lanceolata. 


754 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 


Claytonia  Chamissonis. 
Talinum  pygmeeam. 
SphsBralcea  acerifulia. 
LiQum  peronnu. 
Geranium  Richardsonii. 

Fremontii. 
Lupinas  polyphyllus. 
csDspitosus. 
loQCophyllus. 
laxitlonis. 
oniatus. 
Trifolium  longipes. 
Haydeul. 
Glycyirhiza  Icpidota. 
Hodysarum  boreale. 
Astragalus  bypoglottis. 
campestris. 
Oxytropis  Laiuborti. 
Tbermopsis  fabacea. 
Spiraea  betnlsefolia. 
Genm  triflornm. 
strictnio* 
Ivesia  Gordoni. 
Poteiitilla  fruticosa. 
millegraDa. 
Anserina. 
diVersifolia. 
clandnlosa. 
Norvegica. 
Rnbns  Nntkauus. 

strigosus. 
Amelancbier  Canadunsis^ 

var.  alnifolia. 
Ribes  bracteosum. 

yiscosissimnm. 
lacustre. 
Saxifraga  nivalis. 

broncbialis. 
op[)ositifulla. 
hieracifolia. 
punctata. 
Janiesii. 
Tellima  parviilora. 
Mitella  peutandra. 
Heucbera  parvifolia. 
ParnusHia  liuibriata. 
Epilobium  panicnlatum. 
tetragon  uin. 
Gayopbytuiu  dittusuni. 

raceiuosuiD. 
Oilnotbera  triloba. 

bcterantba. 
biennis. 
Menteelia  lajvicaulis. 
Bnpleurum  ranunculoides. 
C'arum  Guirdneri. 
Osmori'biza  nuda. 
Siuni  august ifolium. 
My  rib  is  occidcn  talis. 
Cymontorus  fccniculaceus. 
Horaclcuni  lanatus. 
Cornus  pubi'8cei>6. 
Sympboricari)U8  montanus. 

occidoD  talis. 
Lonicera  involucrata. 
Galium  boreale. 
Aparine. 
triiidum. 
Vab'riana  edviWs. 
MacbairantUeva  caneacewa. 


Aster  inte^rifoliu8. 
glaeialis. 
adsceudens. 
salsugiuosas. 
multilioras. 
elegans. 
Haydeni. 
Erigeron  Bellidiastram. 
glabellum. 
corymbosam. 
macranthum. 
TowDsendia  scapigera. 
Solidago  gigantea. 

Yirga-aurea^ 
var.  multiradiata. 
LiDosyris  viscidiflora. 
Aplopappas  acaulis. 
Grindelia  squarrosa. 
Chrysopsis  villosa. 
Iva  axillaris. 
Hellanthus  lenticularis. 
Holianthella  uuiflora. 
Heliomeris  mnltiflora. 
CbsBDactis  DouglaaiL 
Babia  leucophyTla. 
Actinella  grandiflora. 
Amida  birsuta. 
AcbiUea  Millefoliam. 
Artemisia  Ludoviciana. 
discolor, 
tridentata. 
draconcaloides. 
Gnapbaliam  lat«o-albam, 

var.  Sprengelii. 
Anteunaria  alpina. 

maigaritacea. 
Carpatbica, 

var.  pulcberrima. 
dioica. 
racemosa. 
Senecio  Andinus. 
lugens. 
aureus, 
triaugularis. 
bydropbilus. 
Arnica  cordifolia. 

Cbaniissonis. 
Arnica  uugustifolia. 
Tctradymia  canei*cens. 
Cirsium  foliolosum. 

Drummondii. 
Stepbanomeria  exigna. 
♦  Hierucium  Seonleri. 
Crepis  occiden  talis. 

acuminata. 
Macrorrbyncus  troximoides. 

glaucus. 
Mulgedium  pulcliellum. 
Porterella  carnulosa. 
Campanula  rotundifolia^ 

var.  linifolia. 
Arctostapbylos  Uva-Ursi. 
Ledum  glandulosum. 
Bryantbus  ompetriformis. 
Pyrola  cblorantba. 
rotund  ilbli  a, 
var.  incarnata. 
\  secunda. 
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Pterospora  ADdromedea.^ 
Mouotropa  Hypopitys. 
Dodecatheon  Mcndia. 
Andro6ace  septentrioDaliti. 
Lysimacbia  ciliata. 
Aphyllon  fascieulatum. 
Collinsia  parviflora. 
Pentstemon  confertus, 

var.  coBnileo-parpureas. 
deustos. 
Mi  mains  Lcwisii. 

lllttillS. 

VeroDica  alpiua. 

serpyllifolia. 
AmericaDa. 
CastiUeia  pallida. 
Pedicularis  Groenlandica. 
racemosa. 
bracteosa. 
Ortbocarpus  latens. 
Eiinaaus  Frcmoutii. 
Verbena  bracteosa. 
Mentha  Canadensis, 

var.  glabrata. 
Dracocepbalnm  parviflomm. 
Bmnella  vulgaris. 
Stachys  palnstris. 
Meitensia  Sibirica. 

alpina. 
Eobinoepemium  deflexum, 

var.  floribundnm. 
Eritrichinm  villosum, 

var.  aretioides. 
leiocarpum. 
crassisepalum. 
Phacelia  circinata. 

serioea. 
Phlox  longifolia. 
Collomia  linearis. 
Gilia  congesta, 

var.  crebrifolia. 
pnngeus, 
var.  squarrosa. 
Polemoniuui  confertum. 
coemlenm. 
Frasera  speciosa. 
Grentiana  affinis. 

detonsa. 
Apocynniii  cannabinnm. 
Chenopodinm  album. 

hybridnm. 
Blitnm  capitatum. 
Monolepis  chenopodiodes. 


Obione  canescons. 
Auiarantus  albus. 
Eriogonum  ovalifolinm. 
umbellatura. 
heracleoides. 
microtbecum. 
Oxyria  disyna. 
Rumex  salicifolius. 
Polygonum  aniphibiuni, 

var.  terrestre. 
teuno. 
Bistorta, 
var.  oblongifolium. 
Sbepherdia  Canadensis. 
Comandra  pallida. 
Arceuthobium  Americannm. 
Euphorbia  serpyllifolia. 
Botula  occidentalis. 
glandulosa. 
Alnus  incana. 
Salix  arctica. 
longifolia. 
coraata. 
Popnlus  tremuloides. 
balsamifera, 
var.  angustifolia. 
Pinns  flexilis. 
contorta, 
var.  latifolia. 
Abies  Douglasii. 

Engelmanni. 
Juniperns  occidentalis. 
Lemna  trisulca. 
Sparganium  simplex. 
Potamogeton  perfoliatns, 

var.  lanceolatns. 
Habenaria  hyperborea. 

dilatata. 
Spiranthes  Bomanzofflana. 
Iris  tenax. 

Sisyrinchinm  Bermndiana. 
Zygadenus  Nnttallii. 

glaucus. 
Streptopns  amplexifolins. 
Smilacina  racemosa. 

stellata. 
Calochortns  Nnttallii. 

enry  carpus. 
Lloydia  serotina. 
Milla  grand  iflora. 
Allium  brevistylum. 
stellatum. 


PHJENOOAMIi  FOUND  ONLY  ON  THB  EASTERN  SLOPE. 


Ranxmculns  Nelsonii. 
Nasturtium  obtusum. 
Cardamine  hirsuta. 
Arabia  hirsuta. 

Drummondii. 

perfoliata. 
Thelypodium  integrifolium. 
Yesicaria  alpina. 
Draba  glacialis. 

nemorosa. 
Lepidium  intermedium. 
Ylola  Canadensis. 

canina, 
var.  sylvestris. 
Cleome  integrifolia. 


Silene  Douglasii. 
antirrhina. 
Arenaria  Fendleri. 
Stellaria  crassifolia. 

borealis. 
Cerastium  arvense. 

vulgatnm. 
var.  BenriDgianiim. 

nutans. 
Sagina  LinnsBi. 
Paronychia  sessiliflora. 
Spraguea  umbellata. 
Claytonia  linearis. 
Lewisia  rediviva. 
Malvastrum  Munroanum. 
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Malvastrum  coccinenm. 
Geranium  CaroliniaDiim. 
Rhus  aromatica, 

vasi  trilobata. 
Acer  glabrum. 
Astragalus  diphysus. 
CanadeuBis, 

yar.  Mortoni. 
Kentrophyta. 
alpinns. 
tegetarius. 
carvocarpos. 
oroboidesi 

var.  Americanns. 
frigiduB. 
bisalcatns. 
paucifloms. 
Oxytropis  multiceps. 
Lathyrus  palostris. 
*Spirsea  csespitosa. 
Cercocarpus  ledifoliua. 
Sibbaldia  procumbeus. 
Chamserbodos  ereota. 
Poteutilla  palcherrima. 

Feunaylvaoioa, 
var.  strigosa. 
fissa. 
Nuttallii. 
Cratffigus  saDguiuea. 
Ribes  uirtellum. 

oxycanthoides. 
prostratum. 
cerenm. 
Saxifraga  oawpitosa. 
Heuchera  cyliDdrioa. 
Pamassia  parviflora. 
palnstris. 
Sedum  stoBopetalum. 

rbodauthum. 
Kpilobium  au^ustifolium. 
sunruticosnm. 
alpiiium. 
G:lnotbera  albicuulis. 
murgioata) 
var.  purpurea. 
Qiiura  coccinea. 
Meutzelia  ornatus. 
Cymoi)torus  alpinus. 
Thaspium  trifoliatum. 
Coruus  Canadeusis. 
Liimapa  borealis. 
Galium  triflorum. 
Liutriii  punctata. 
Astor  Eugelmauui. 

falcatus. 
Towusjendia  graiidiflora. 
spatbulata. 
Erigeron  acre. 

compositum. 
ca36pit08um. 
cauesccus. 
Diplopappus  alpinuB. 
Solidajjjo  nemoralis. 
LinovSyris  Howardli. 
Aplopappus  lanoeolatus. 
iuuloides. 
caespitosus. 
Rudbeckia  lacmiata. 
Heliautbus  NuUaVUi. 


Heliautbus  petiolaiis. 
Hymenopappus  teuaifolius. 
Heleuium  autumuale. 
Artemisia  tritida. 
caMa. 
valgaris. 
biennis, 
frigida. 

KiohardBonlana. 
Arnica  longifolia. 
Senecio  canns. 

Fremontii. 
Cirsinm  ondolatum. 

diseolor. 
Echinais  carlinoides, 

var.  nutans. 
Calais  nutans. 
Hieracium  albiflomm. 
Lygodesraia  spinosa. 
juncea. 
Crepis  mncinata. 
Andersonii. 
Taraxacum  Dens-leonis. 
Gkdllardia  aristata. 
Mulgeduim  leacophssam. 
Yaccinium  Myrtiilus. 
Kalmia  glanca, 

var.  micropbylla. 
Plantago  eriopoda. 
Primula  farinosa. 
Androsace  filiformis. 
Pboliposa  Ludoviciana. 
Pentstemon  glancus, 

var.  stenosepalos. 
Menziesii. 
cristatus. 
attenuatus. 
Limosella  aqnatica. 
Syntbyris  pinuatilida. 
Castilieia  affiuis, 

var.  miuor. 
Veronica  scutellata. 
Verbena  biistata. 
Lycopus  Virgiuicus. 
Monarda  fiHtulosa. 
Lopbantbus  urticiefolius. 
Eritriebium  glomeratum. 
Echinospermum  Kedowski, 

var.  uccidentale. 
Myosotis  sylvatica, 

var.  alpestris. 
Hydropbyllum  capitatum. 
Pbacelia  Menziesii. 
Frankliuii. 
Nemopbila  parviflora. 
Phlox  Douglasii, 

var.  diffusa. 
Gilia  pusilla. 

iini  flora. 
Polemouium  croruleum, 

var.  tbliosissimnm. 
Gentiana  Amarella, 

var.  stricta. 
Apocyuum  audrosiemifolium. 
Aceratea  decumbeus. 
Oxybaphus  augustifolius. 
Abrouia  fragraus. 
ly  BUtum  polymorpbum. 
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Salicomia  lierbacea. 
Eriogouum  oTalifoliam, 

var.  toniiis. 
PolygoDum  Yiviparam. 
Eaphorbia  elyptosperma. 
aictyosperma. 
Eaphorbia  montana. 
Urtica  gracilis. 
Alnns  viridis. 
Pin  us  moDoph^lla. 
Abies  MeDziesii. 
Jnniperas  commanis. 


Lemna  minor. 
Potamogeton  rufescens. 

peotinatoA. 
Triglochin  maritimum. 
Xerophyllum  teoax. 
Prosartes  trachycarpa. 
Fritillaria  padica. 

atropnrpurea. 
Erythroninm  grandifloram. 
Allium  SchosQoprasom. 
bisceptrum. 


PHJBNOOAMIA  FOUND  OKLY  ON  THE  WESTERN  SLOPE. 


Clcinatis  ligasticifolia. 

var.  brevinora. 
alpina, 
var.  Ochotensia. 
Ranuncnlns  afflnis. 

adoneus. 
Delphiuinm  scopulorum. 
Pseonia  Brownii. 
Dicentra  uniflora. 
Nasturtium  curvisiliqua. 
palustre, 
var.  hispidnm. 
Cardamine  oligosperma. 
Arabia  retrofract«. 
Vesicoria  arctica. 
Draba  steliata. 

aurea. 
Lepidium  montanom. 
Barbarea  vulgaris. 
Viola  cucullata. 
Cleome  aurea. 
Arenaria  verna. 

pun^ens. 
Hypericum  Scouleri. 
Lupinns  pusillns. 

parvifloruB. 
Trifolium  Kiugii. 
Hedysarum  Mackenzii. 
Astragalus  pictus. 
Geyeri. 
Oxytropis  nana. 
Spiral  dumosa. 

betula^folia, 
var.  rosea. 
Millefolium. 
Geum  macrophyllum. 
Potentiila  arguta. 

diversifolia, 
var.  multiseota. 
Fragaria  vesca. 

Virginiana. 
Rosa  blanda. 

fraxinifolia. 
Purshia  tridentata. 
Dry  as  octopctala. 
Tellinia  teuoUa. 
Mitella  triiida. 
Sedum  Rhodiola. 
CBnothora  marginata. 
scapoidea. 
Andina. 
Gnura  parviflora. 
Lythrum  alatum. 
Angelica  Breweri. 
Slum  liueare. 


Cicuta  roacnlata. 
Conioselinum  Canadense*. 
Lonicera  Utahensis. 
Valeriana  dioica, 

var.  sylvatica. 
Eupatorium  purpnream. 
Aster  pulchellus. 

Sayi. 
Townsendia  strigoea. 
Erigeron  filifolium. 

grandiflorum. 
Solidago  Guiradonis, 

var.  spectabilis. 
elongata. 

Linosyris  Howardii, 

var.  Netradensis. 
Aplopappus  suffimticosos. 

nniflorus. 
Balsamorrhiza  Hookeri. 

sagittata. 

Rudbeckia  occiden  talis. 
Helianthella  multicaalis. 
Layia  glandulosa. 
Gnaphulium  microcephalum. 
Antennaria  Carpathica. 
Arnica  latifolia. 
Senecio  Fendleri. 
subnudns. 
Stephanomeria  panicolata. 
Malacothrix  sonohoides. 
Crepis  nana. 
Vaccinium  ovalifoliam. 

Myrtilloides. 

nliginosum. 

Pyrola  apbylla. 

picta. 
Kalmia  glauca. 
Plantago  Patagonica, 

var.  gnaphalioides. 
Glaux  maritima. 
Aphyllon  uniflorum. 
PhelipsBa  eriantbera. 
Utricularia  vulgaris. 
Pentstemon  acuminatus. 

glaucns. 

glaber. 

coufertus. 

cyananthns. 

Menziesii, 
var.  Lewisii. 

Mimulas  moscbatus. 
floribundus. 
lute\3La, 
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Verouica  Anagallis. 
X)eregrina. 
Synthyris  aipiua. 
Castilleia  flava. 

parviflora. 
Podicalaris  Sudctica. 
Orthocarpus  Toliuiei. 
Cordy  Ian  t  li  U8  ramosns. 
Scutellaria  galericulata. 
Pliyso8t«gia  parviilora. 
Merteusia  brovistyla. 
Litho8permuiu  pilosam. 
Eritrichium  nugustifoliam. 
Calitbruicum. 
Coldenia  Nutt<allii. 
Piptocalyx  circum»ciB8ii8. 
Hydrophylluui  capltatum^ 

var.  alpiuom. 
Phacelia  Ivesiana. 
Nama  demissa. 
Phlox  canesceus. 
ciespitosa. 
Collomia  linearis, 

var.  subulata. 
Gilia  aggrcgata. 
iutertexta. 
leptomena. 
floccosa. 
pusilla, 
var.  Culifomiea. 
Nicotiana  attenuata. 
Geutiaua  simplex. 
Amarella. 
caiycostt. 
Asclepias  speciosa. 
Cheuupodium  album, 

var.  leptophyllum. 


Obione  argentea. 
Eurotia  lanata. 
Grayia  polygaloides. 
Eriogonum  Kiugii. 
cernuum, 

var.  tenue. 
flavum. 
c»spito6um. 
Rnmex  maritimus. 
pauoifolius. 
venosus. 
Polygonum  Bistorta, 

var.  linearifoliam. 
Ceratophyllnm  demersnm. 
Urtica  dioica, 

var.  occidentalU. 
Parietaria  Peunsylvanica. 
Salix  reticulata, 
aittica, 

var.  Brownil. 
glauca. 
Salix  cordata, 

var.  an^stata. 
amygdaloides. 
PinuB  iHinderosa. 
Abies  graudis. 
amabilis. 
Jnuiperus  Virginiana. 
Typha  latifolia. 
Sagittaria  variabilis. 
Habenaria  foDtida. 
Goodyera  Menziesii. 
Corallorbiza  multiflora. 
Veratrum  album. 
Cauiassia  esculenta. 
Alluim  acuminatum, 
cemuum. 


K  AN  UNCUL  ACE-^. 


Clematis  UgusticifoUa,  Nutt. — Port  Neuf  Caiion,  Idaho  Territory, 
July. 

Clematis  U</iistici/ollaj  Xutt.,  var.  hrevijlora^  T.  &  G. —  Blackfoot 
River,  Idaho  Territory, el uly;  near  Brighain  City,  Utah  Territory,  .Fune. 

Clematis  verticillariSjD.  C,  (C  Columbiana^  T.  &  G.,  Atrayene  Ameri- 
cana, Siina.) — Teton  Mountain's,  elevation  11,000  feet,  July. 

Clematis  Douglasii,  Hook.,  (C.  Wyethii,  ^utt.)  —  Teton  Mountains, 
elevation  10,000*  feet,  July  ;  Snako  Eiver  Valley ;  Fort  Ellis,  Montana 
Territory. 

Clematis  alpina,  Mill.,  var.  Ochotensis^  Gray. — Teton  Mountains,  eleva- 
tion 10,000  feet,  July. 

Antmone  multijida,  D.  C. — Mountains  near  Clark's  Fork,  Wyoming 
Territory,  elevation  0,000  I'eet,  August;  Snake  Kiver  Valley,  July; 
Fort  Ellis,  ]\Iontana  Territory.  At  this  last  locality  both  red  and  white 
iiowers  were  collected. 

Anemone  mult fjida,  D,  0,,\ixv.\  "  Dwarf,  G-S';  divisions  of  the  leaves 
lance-ovate,  becoming  glabrous;  petals  5  to  0,  deep  red;  heads  of  car- 
pels globose;  carpels  woolly  below,  smooth  above;  style  recurved." 
Professor  Porter. — Teton  Hange  at  10,000  feet  altitude,  July  24. 

Thalietrum  Fendleri,  Engelm. — Red  Mountain,  elevation  9,000  feet, 
September;  Teton  Range,  elevation  10,000  feet,  July;  Fort  Ellis,  Mon- 
tana Territory  •,  lleuT>5's  ¥otk  ol  ^uvvkii  River. 

Myosunis  aVistatus,  Beii\.\i.^  <^\io\i^i.  ;SQ»\\\,^^^\.,^^^^Si%^^--.^^aR.VBu.ttes^ 
June. 
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RanunculiLS  aquatilis^  L.  var.  trkihophyUus^  Gbaix. — Near  Ogden, 
Utah  Territory,  J Que ;  Heart  Lake^  September;  Snake  River  Valley, 
August. 

Ranunculus  aquatilis^  L.,  var.  atagnaliSj  D.  0. — Divide  between  Marsb 
and  Malade  Valleys,  June. 

RanuTiculus  Flammula^  L.,  var.  reptanSj  Gray. — Henry^s  Fork  of  Snake 
River,  August ;  Teton  Basin,  July;  Trail  Greek  Mountains,  September. 

Ranunculus  Cymbalariaj  Pursh. — Near  Ogden,  Utah  Territory,  May ; 
Fort  Ellis,  Montana  Territory,  July;  Henry's  Lake,  Idaho  Territory, 
August. 

Ranunculus  affinis^  R.  Br. — T6ton  Mountains,  elevation  10,000  feet, 
July. 

Ranunculus  nivalis^  R.  Br.,  var.  Uschscholtziij  S.  Watson. — Upper 
T6ton  Caiiou,  July. 

Ranunculus  repensj  L. — Near  Ogden,  Utah  Territory,  June ;  Henry's 
Fork  of  Snake  River,  August ;  T^ton  River,  July. 

Ranunculus  ^nacranthus,  Scheele,  {R.  repensj  var.  nuuyranthusy  Gray.) — 
Ogden  Canon,  Utah  Territory,  June. 

Ranunculus  adoneusj  Gray,  (En.  Hall  and  Harbour's  Plants,  p.  5G.) — 
Henry's  Lake,  Idaho  Territory,  August. 

.  Ranunculus  Nelsonii^  Gray,  (Proc.  Am.  Acad.,  May,  1872,  p.  351.) — 
Yellowstone  Lake,  1871. 

Oaltlm  leptosepalaj  D.  0. — ^T6ton  Mountains,  elevation  11,600  feet, 
July. 

Trollius  laxus,  Salisb. — ^T6ton  Mountains,  elevation  12,000  feet,  July; 
Trail  River  Mountains,  September. 

Aquilcgia  cceruleaj  James. — ^T6ton  Mountains,  elevation  8  to  10,000  feet. 
Flowers  were  noted  of  four  distinct  colors  with  all  their  intermediate 
shades,  viz,  white,  blue,  pink,  and  buff;  July. 

Aquilegia  flavescens^  S.  Watson,  (Clarence  King's  Rep.,  vol.  v,  p.  10.) — 
Ogden  Canon,  Utah  Territory,  June;  Yellowstone  Lake,  August;  Trail 
River  Mountains,  September;  mountains  near  Henry's  Lake. 

Delphinium  elatumjh.^xav.  (!)  ocddentalc,  S.  Watson. — ^T^ton Foot-hills, 
July. 

Delphinium  Menziesiij  D.  0. — Near  Ogden,  Utah  Territory,  May; 
T6ton  Mountains,  elevation  10,000  feet,  July. 

Delphinium  scopulorumj  Gray,  (PlantaB  Wrightianse,  2,  p.  9.) — ^T<$ton 
Foot-hills,  August  3. 

Aconitum  nasuium^  Fisch. — ^Yellowstone  Lake,  Angust;  Upper  Gey- 
ser Basin,  September ;  T^ton  Caiion,  July. 

Actoea  spicataj  L.,  var.  arguta^  Torr. — Upper  T^ton  Canon,  July. 

PcBonia  Browniij  Dougl. — Snake  River  Valley,  July.  Every  specimen 
found  had  but  two  carpels  instead  of  3-5.  The  seeds  are  eaten  by  the 
Bois6  Indians  as  beans. 

BEBBEBIDAOE^. 

Berberis  Aquifolium^  Pursh. — Plains  and  foot-hills  near  Ogden,  Utah 
Territory,  June;  Lower  Fire-Hole  Basin,  August,  in  fruit. 

NYMPHAOEJE. 

Nuphar  advena^  Ait. — Henry's  Fork  of  Snake  River,  July;  Lower 
Falls  of  the  Yellowstone,  August  4. 

« 

PAPAVEBAGEJE. 

Argemone  Mexicana^  L.,  var.  Msfpida^,  Toxt*-— "S^^x^i^^'asajL^xy^O^^-^^ 
Territory,  June  25. 
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FX7MARIAGEJB. 

Dicentra  uniffora,,  Kellogg  ined.,  (by  Professor  Thomas  C.  Porter.)  Dwarf, 
3-5';  scape  l-liowered,  furnished  with  cue  or  two  linear  bracts;  flowers 
6-7''  long,  apparently  purple;  sepals  oblong,  obtuse,  3-4''  long,  deep 
purple;  outer  petals  contracted  in  the  middle,  the  lower  half  with  short 
rounded  spurs,  the  upper  hooded  part  oblong  and  widely  recurved, 
spreading;  inner  petals  abruptly  expanded  above  the  claw  into  sharp 
triangular  wings,  not  crested.  Summit  of  a  mountain  near  Ogden, 
Utah  Territory,  and  in  the  T6ton  Range  at  10,000  feet  altitude.  Mr. 
Coulter  says,  '^It  grows  on  the  mountain  tops  where  the  snow 
has  just  melted,  or  even  rarely  in  the  snow  itself.  No  leaves  or  any 
trace  of  them  were  found,  although  the  plant  was  collected  boUi  in  June 
and  August.  1  had  described  this  plant  as  a  new  species,  and  named 
it  D.  nivalis^  when  I  learned  from  Dr.  Gray  that  it  had  been  discovered 
in  the  Sierra  Nevada,  as  early  as  1870,  by  Mr.  Kellogg,  who  was  about 
publishing  it  as  D.  uniflorcu 

CRXJOIFER^. 

Nasturtium   officinale^    Br. — Weber   Eiver,    Utah   Territory,    Jane. 
Doubtless  introduced. 
Nasturtium  curvisiliqua^  Ndtt.  MSS. — ^Henry's  Lake,  Idaho  Territory, 

August. 

Nasturtium  ohtusum^  Nutt. — Growing  in  the  spray  of  the  lower  Mis 
of  the  Yellowstone,  August. 

Nasturtium  palustrcy  D.  G.,  var.  hispidum^  Gray. — Great  Salt  Lake, 
June. 

Barharea  vulgaris^  E.  Br. — Snake  River  Valley,  August. 

Arabis  Brummondii,  Gray. — Near  Ogden,  Utah  Territory,  Jane. 

Arabis  Drummondii^  Gray,  var.  alpina^  S.  Watson. — Mountains  near 
Henry's  Lake,  Idaho  Territory,  August. 

Arabis  retrofracta^  Graham. — Near  Ogden,  Utah  Territory,  June;  Te- 
ton Basin,  July  21;  Shoshone  Lake,  September;  Bed  Mountain,  eleva- 
tion 10,000  feet ;  a  very  dwarf  form. 

Streptanthiis  cordatus,  Nutt. — Near  Ogden,  Utah  Territory,  June. 

Cardamine  hirsuta,  L. — Yellowstone  Lake,  August. 

Car damine  panel secta^  Beuth. — Teton  Canon,  July. 

Cardamine  oUgosjierma,  Nutt. — Teton  Mountains,  elevation  10,000  feet, 
July. 

Vesicaria  arcticaj  Bichards. — T6ton  Mountains,  elevation  10,000  feet, 
July. 

Physaria  didymocarpa^  Gray. — T6ton  Mountains,  elevation  12,000  feet, 
July. 

Draha  aurea^  Valil. — Teton  Mountains,  elevation  12,000  feet,  July. 

Braba  alpirni,  L. — Mountains  near  Henry's  Lake,  Idaho  Territory, 
August. 

Draba  aJpina^  L.,  var.,  S.  Watson,  (near  D.  glacialis,  var.  ^,  Hook.) — 
T6ton  j\Iountains.  elevation  12,000  feet,  July. 

Braba  gUwialift^  Adams,  (B.  alpina,  var.  (f)  S.  Watson.) — Mountains 
near  Ogden,  Utah  Territory,  elevation  9,500  feet,  June. 

Braba  stellata,  Jacq.,  (Watson  in  Clarence  King's  Bep.,  vol.  v,  p.  21.) — 
Teton  Mountains,  elevation  11,000  feet,  July. 

tSisymbriumjunccumj  Bieb. — A  form  (?)— Snake  Biver  Valley,  July. 

ASLsymbriiim  vancsccns^  Nutt.— Weber  Biver,  Utah  Territory,  .June; 
very  viiri;ibk\    '^A\\-X^'\V\  olLWie\*vx\i-\3\.^^?    \<ivy\^y^\\. 
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Smeloicskia  calycina,  £.  Meyer. — ^T^tou  Mountains,  elevation  12,000 
feet,  July 5  moautains  along  Clark's  Fork,  Wyoming  Territory,  elevation 
9,000  feet. 

Erysimum  cheiranthoides^  L. — Snake  River  Valley,  July. 

Erysimum  asperum,  D.  C. — Near  Ogden,  Utah  Territory,  May  j  T6ton 
Mountains,  elevation  10,000  feet,  July. 

Stanleya  viridiflora^  Nutt. — Port  Neuf  Canon,  Idaho  Territory,  July ; 
Snake  River  Vailey. 

Thelypodium  NuttaXlii^  S.  Watson,  [Streptanikus  sayittoitusy  Natt.) — 
Near  Ogden,  Utah  Territory,  June^  divide  between  Marsh  and  Malade 
Valleys;  Yellowstone  Lake,  August. 

Brassica  Sinapistrum,  Boissier. — Fort  Hall,  Idaho,  July.  Doubtless 
introduced. 

Lepidium  sativuMj  L. — Flowers  rose-«olored.  Weber  River,  Utah  Ter- 
ritory, June.    Probably  introduced. 

Lepidium  montanum^  Nutt. — Malade  Valley,  Utah  Territory,  June: 
Snake  River  Valley,  July.  Very  abundant.  A  dwarf  form  was  fouixl 
near  Fort  Hall,  Idaho. 

Thlaspi  cochieariforme,  D.  C,  (T.  alpestrcj  L.,  Watson  in  Clarence 
King's  Rep.,  vol.  v,  p.  31.) — Mountains  near  Ogden,  Utah  Territory,  ele- 
vation 9,000  feet,  June. 

Raphanus  sativus^  L. — ^Plains  near  Ogden,  Utah  Territory,  June. 
Just  beginning  to  run  wild. 

VIOLAOEiB. 

Viola  canina^  L.,  var.  sylveatrie,  Regel. — Upper  Geyser  Basin,  Sep- 
tember. 

Viola  Canadensis^  L. — Union  Pans,  Gallatin  River,  September. 

Viola  Nuttalliiy  Pursh. — Little  Cottonwood  Cafion,  Utah  Territory, 
June;  Clark's  Fork,  Wyoming  Territory,  elevation  9,000  feet;  Trail 
Creek  Mountains,  September;  T6ton  Range, elevation  10,000  feet,  July. 

Viola  Nutialliij  Pursh.  var.  venosa,  S.  Watson.  ^Clarence  King's  Rep., 
vo).  V,  p.  35.) — Mountains  near  Ogden,  Utah  Territory,  June. 

G4PPABIDAGEJS. 

Cleome  integrifoUa^  T.  &  G. — Great  Salt  Lake,  June. 
Cleome  aurea^  Nutt. — Ogden  Caiiou,  Utah  Territory,  June;  Snake 
River  Valley,  July.    Very  abundant. 

OABYOPHYLLAGEiB. 

Saponaria  raccarwi, L.,  {^Vaccaria  vulgariSylLaQt) — ^Near  Ogden,  Utah 
Territory,  June;  Fort  Ellis,  Montana,  July. 

SileneacauliSy  L. — Teton  Mountains,  elevation  12,000  feet,  July  29. 

Siletie  Douglasiij  Hook. — Yellowstone  Lake,  August. 

Silene  DougloAii^  Hook,  var.  (f)  (S.  Watson^  in  Clarence  King's  Rep., 
vol.  V,  p.  30.) — Fort  Ellis,  Montana  Territory. 

Silene  Menziesii,  Hook. — Wooded  canon  of  T6ton  River,  July. 

Lychnis  Drummondiij  S.  Watson,  {Silene  Drummondiij  Hook.) — Upper 
Caiion  of  the  Madison,  August ;  Yellowstone  Lake ;  Heart  Lake,  Sep- 
tember ;  Snake  River  Valley,  July. 

Cerastium  nutans,  Raf. — Gallatin  Cafion,  Montana'  Territory,  Sep- 
tember. 

Cerastium    vulgatum,  L.  var.  Behringianum^  Gtvjii^,-— ^QiwcL\aASiA   TiR»s^ 
Clark's  Fork,  Wyomiag  Territory;  elevation  9,t^Wi  i^t,,  J&k.\v%x^s^»* 
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Cerastium  arvense^  L. — Lower  Fire- Hole  Basin,  Au^st. 

Gerastium  arvense^  L.  var. — ^Yellowstone  Lake,  Augnst 

Stellaria  longipeSj  Goklie. — Ogden  Canon,  Utah  Territory,  Jane; 
Henry's  Fork  of  Snake  River,  July. 

Arenaria  congesta^  Nntt.— Shoshone  Lake,  September ;  T^ton  Basin, 
July ;  Snake  River  Valley,  August. 

Arenaria  pungens^  Nutt — T6ton  Mountains ;  elevation  11,(>00  feet, 
July. 

Arenaria  verna^  L. — ^Trail  Greek  Mountains,  September;  T6ton  Mount- 
ains, elevation  12,000  feet. 

Arenaria  arctica^  Stev. — Red  Mountain ;  elevation  10,000  feet,  Sep- 
tember. 

Arenaria  laterifloraj  L. — ^Trail  River.  Mountains,  September ;  T6tou 
Mountains,  elevation  11,500  feet,- July ;  Snake  River  Valley,  August. 

Sagina  Linncei,  Prest. — Lower  Fire- Hole  Basin,  August 

POBTULAGAOEJS. 

Talinum  pygmamnij  Gray. — ^Tower  Falls,  August ;  Red  Mountain ;  ele- 
vation 10,000  feet,  September. 

Claytonia  Caroliniaruij  Michx.,  var.  lanceolata,  S.  Watson.  (C  lanceo- 
,lataj  Pursh.) — Mountains  near  Ogden,  Utah  Territory,  June;  Upper 
T6ton  Cafion,  elevation  10,000  feet,  July. 

Claytonia  linearis^  Hook. — Mountains  along  Clark's  Fork,  elevation 
9,000  feet,  August. 

Claytonia  perfoliata,  Don. — Mountains  near  Ogden,  Utah  Territory, 
elevation  10,000  fe6t,  June.  A  quantity  of  good  specimens  were  col- 
lected, but  were  unaccountably  lost. 

Claytonia  ChamisHonis^  Esch.  and  Ledeb. — Henry's  Lake,  Idaho  Terri- 
tory, August ;  Yellowstone  Lake ;  Spray  flower  of  the  lower  falls  of  the 
Yellowstone,  August;  Snake  River  Valley,  July;  Little  Cottonwood 
Cafion,  UtJih  Territory,  June  21. 

S2)ragu€(i  umbellata,  Torr. — Tower  Falls,  August  2;  Upper  Geyser 
Basin  near  hot  springs. 

Lewisia  rcdiviva,  Ph. — Fort  Ellis,  Montana. 

• 

HYPERIOACEiE. 

Hypericnm  Scouleri^  Hook. — Swamp  near  Ogden,  Utah  Territory,  June 
18;  Snake  liiver  Valley,  July. 

MALVACEAE. 

Stdalcea  malvcvflora^  Gray.  [Sidia^  D.  G.) — Ogdeu  Cafion,  Utah  Terri- 
tory, June  IT);  Malade  Valley,  Utah. 

Malvastrum  coccineum^  Gray. — Near  0;i:den,  Utah  Territory,  May  31. 

Malvastnini  Munroamnn,  Gray. — Divide  between  Marsh  and  Malade 
Valleys,  June  20. 

Sphwralcm  acerifolia.  Nutt. — Ogden  Cafion,  Utah  Territory,  June; 
T6tou  Basin,  July,  Jackson's  Lake,  September. 

Malva  rotiindi/oUay  L. — ^Xear  Ogden,  Utah  Territory,  June ;  doubtless 
introduced.  , 

LINAGE-^. 

Linum  pcrenncj  L. — Ogden  Canon,  Utah  Territory,  June;  Teton  Mount-  ' 
ains,  elevation  10,V>Q^  ^^^l^  ^vil^  -^  Trail  Creek  Mountains,  September;  J 
near  Jackson's  Li-akft,  m  tT\x\X,.  1 
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Linum  Kingiij  Watson,  var.  sedoidcSj  Porter. — Uintah  Moantains, 
Wyoming  Territory,  August ;  Dr.  Joseph  Leidy, 

GERANIACE^. 

Oeranium  Bichardsonii,  Fiscb.  &  Mey. — Near  Ogden,  Utah  Territory, 
May ;  North  Fork  of  Snake  Eiver,  July. 

Geranium  Carolinianum,  L. — Near  Ogden,  Utah  Territory,  June. 

Geranium  Fremontiu  Torr.  var. — ^Two  forms,  probably  varieties  Of  G. 
Fremontiij  were  found  near  Henry's  Lake,  Idaho. 

\ 

OELASTRINE^. 

Pachystima  myrsinites^  Raf.  ( Oreaphilu  myrtifolia^  Nutt.) — Near  Ogden, 
Utah  Territory,  June. 

RHAMNAGEiB. 

Ceanothus  velutinusj  Dougl. — Mountains  near  Ogden^  Utah  Territory, 
June. 

SAFINDAGE^. 

Acer  glahrum,  Torr.  {A,  tripartitum^  Nutt.) — Near  Ogden,  Utah  Terri- 
tory, June ;  mountains  along  Clark's  Fork,  Wyoming  Territory,  eleva- 
tion 8,000  feet. 

ANAOARDIACEiE. 

The  following  two  species  were  noted,  but  as  specimens  have  been 
brought  in  before,  and  they  are  unpleasant  subjects  to  handle,  they  were 
not  collected. 

Rhus  toxicodendron^  L. — Near  Ogden,  Utah  Territory,  June. 

Rhus  glabra^  L. — Near  Ogden,  Utah  Territory,  June;  JFort  Hall,  Idaho 
Territory,  July. 

LEGUMINOS^. 

Lupimts  pusilhis,  Pursh. — Blackfoot  River,  Idaho,  July  13. 

Lupinusparviflorus^  Nutt. — Divide  between  Marsh  and  Malade  Valleys, 
June;  Teton  Basin,  July. 

Lupinus  sericeusj  Pursh. — Ogden  Gallon,  Utah  Territory,  June.    . 

Lupinus  cwspifosus^  Nutt. — Uenry's  Fork  of  Snake  River,  July. 

Lupinus  ornatusy  Dougl. — Teton  Basin,  July;  Henry's  Fork  of  Snake 
River,  August. 

Lupinus  polyphylltiSy  Lindl. — Upper  T^ton  Gallon,  July  28;  near 
Brigham  City,  Utah,  June. 

Lupinus  leucophyllus,  Lindl. — Port  Neuf  Ganon,  Idaho,  July;  T6ton 
Basin,  August. 

Lupinus  laxiflorus^  Dougl. — ^Trail  Greek  Mountains,  September. 

M&dicago  sativa^  L.— Near  Ogden,  Utah,  June;  Fort  Hall,  Idaho. 
Doubtless  escaped. 

Trifotlum  longipes^  Nutt. — Plains  near  Ogden,  Utah,  June;  T6ton 
Basin,  July. 

Trifolium  Parryij  Gray. — Brigham  Gallon,  Utah,  June.   "Ei^  le^'assv^ 
stiped,  stipe  elongated,  equaling  in  length  tVx^  «i^V,\fcfc^^l\X\fc^'^^s-^ 
Professor  Porter, 
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Trifolium  variegatum,  Nutt« — Near  Ogden,  Utah,  June;  Little  Cotton- 
wood Caiion,  Utah,  June. 

Trifolium  Uaydeni^  Porter.  (Hayden's  report  for  1871.) — Moantains 
Dear  Henry's  Lake,  Idaho,  August. 

Psaralea  Imweolata^  Pursh. — Plains  near  Ogden,  Utah,  June. 

Antrdgalus  Carmdeims^  L. — Port  Nenf  Caiion,  Idaho,  July. 

Astragalus  CaimdensiSj  L.  var.  Mortoni^  S.  Watson. — Port  Nenf  Canon, 
Idaho,  July. 

Astragalus  hypoglottiSj  L. — Snake  Biver  Valley,  July ;  near  Fort  Ellis, 
Montana,  July. 

Astragalus  UtahensiSj  T.  and  G.  (Gray's  Eev.  1.  c.,  213.) — Ogden,  Utah 
July. 

Astragalus  Oeyerij  Gray. — Blackfoot  River,  Idaho,  July. 

Astragalus  t4igetarius^  S.  Watson. — Near  Fort  £llis,  Montana,  July^ 
Snake  River  Valley,  August. 

Astragalus  campestris^  Gray. — ^Near  Fort  Ellis,  Montana,  July;  T^ton 
Basin ;  mountains  near  Henry's  Lake,  Idaho,  August;  Grand  Canon  of 
the  Yellowstone ;  Clark's  Fork,  Wyoming.  Very  variable  in  the  breadth 
of  the  leaves. 

Astragalus  junceus^  Gray,  {A.  diversifoliusj  Gray.) — ^Near  Ogden,  Utah, 
June ;  Snake  River  Valley,  July. 

Astragalus  alpinus,  L. — Yellowstone  Lake,  August. 

Astragahis  pictus,  Gray. — Snake  River  Plains,  July.  Occurs  in  great 
abundance. 

Oxytropi^  nana^  Nutt. — In  fruit.    Henry's  Fork  of  Snake  River.  July. 

Oxytrojm  Lamberti^  Pursh. — In  fruit.    Snake  River  Valley,  Jaiy. 

Olycyrrhiza  l^pidota^  Nutt. — Sand  Creek,  Idaho,  October. 

Hedysarum  Mackenzii^  Rich. — Near  Ogden,  Utah,  June. 

Hedysariim  borealcj  Nutt. — Bear  River,  Utah^  June;  Trail  Creek 
Mountains,  September;  T^ton  Mountains,  elevation,  10,000  feet,  July; 
\lelIowstoue  Luke,  August;  remarkably  glabrous. 

Vicia  Americana^  Mulil. — Swamp  near  Ogden,  Utah,  June;  Divide 
between  Marsh  and  Malade  Valleys,  near  Brigham  City,  Utah. 

Lathyrufi  polyphylhift,  Nutt. — Plains  near  Ogden,  Utah,  June. 

Lathy rus  paluHtriH^  L. — Near  O^den,  Utah,  iVIay. 

Lathyrm  paliiHtriH^  L.,  Form. — Near  Blaektoot  River,  Idaho,  July, 

Lathy  r  us  pa  lust  r  is,  L.,  var.  myrtifolius^  Gray. — Near  Ogden,  Utah, 
June.    The  8i)eciiuen  was  collected,  but  unfortunately  lost. 

riHum  arreuse^  L.  Accidental.  — Port  Neuf  Caiion,  Idaho. 

Thcrmopnis  fabacca,  D.  C. — Divide  between  Marsh  and  Malade  Val- 
leys, June. 

ROSACEA. 

Prunus  demissa,  TValp. — Divide  between  Marsh  and  Malade  Valleys, 
June. 

iSpiraM  dumosa,  Nutt. —  (S,  aricvfoUa,  var.  discolor,  T.  and  G.) — Twin 
Buttes,  on  Henry's  Fork  of  Snake  River,  July. 

Spir(va  opuU/olia,  L. — Ogden  Canon,  Utah,  June. 

Spira'a  opuUfolia,  L.  var.  pauciflora,  Hook. — Mountains  near  Ogden, 
Utah,  June. 

tSpirwa  bctuUvMla,  Pallas.— Teton  Mountains,  elevation  11,000  feet, 
July.  ^  ' 

Spiraea  betulwfolia^  Pallas,  var.  rosea,  Gray. — Shoshone  Lake,  Septem- 
ber ;  mountains  wear  HeiiT'^'*^  \i^V.^^  V<kLVLQ^  August. 

Spirwa  MilicfoXmm^ Tore,    ^^ .^.^,^^\i.^^<^\/v? ^^.'^^^^V. vi\    ^^iJlke 
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River  Valley,  Idaho,  John  M.  Coulter;  Ophir,  Southern  Utah,  E.  8. 
BlackicelL 

Bvbus  NtttkanuSj  Moc. — Ogden  Cauon,  Utah,  Jane }  T^ton  Mountains, 
elevation  10,000  feet,  tluly. 

Bubus  strigosmj  Miohx. — Madison  Elver,  August;  Yellowstone  Lake; 
T^ton  Basin,  July. 

Furshia  tndentata^  D.  G. — ^Divide  between  Marsh  and  Malade  Yalleys, 
June. 

Gercocarpua  ledifolim^  Nutt.  '^  Mountain  mahogany." — Mountains  near 
Ogden,  Utah,  June. 

Drydas  octopttala,  L. — T^ton  Mountains,  elevation  12,000  feet^  July. 

OeuM  strictuniy  Ait. — Near  Fort  Ellis,  Montana,  July. 

Oeum  niacrophyllumj  Willd. — Divide  between  Marsh  and  Malade  Val- 
leys, June ;  Titou  River,  July. 

Oeum  triflorum,  Pnrsh.  —  Mountains  near  Henry's  Lake,  August; 
mountains  along  the  Yellowstone,  elevation  8-10,000  feet;  T6tou  !&»sin, 
July. 

Fragaria  Virginiana^  Ehrh. — Mountains  near  Henry's  Lake,  Idaho, 
August ;  T6ton  Basin,  July. 

^agaria  vesea,  L. — Ogden  Caiion,  Utah,  June ;  T6ton  Basin,  July. 

Fotentilla  Norvegicaj  L.,  a  form  approaching  P.  rivularis. — From  Boss 
Fork  to  Fort  Hall,  Idaho,  July. 

Fotentilla  Norvegica^  L. — Malade  Valley,  Utah,  June  27. 

Fotentilla  millegrana^  Eugelm. — Port  Neuf  Caiion,  Idaho,  July ;  foot- 
hills of  the  T^ton  Range,  August. 

Fotentilla  diversifolia^  Lehm. — Yellowstone  Lake,  August. 

Fotentilla  diversifoliaj  Lehm.,  var.  multisectay  S.  Watson.  (Clarence 
King's  Rep.,  vol.  v,  p.  Siy.) — T^ton  Mountains,  elevation  11,500  feet, 
July. 

Fotentilla  puleherrimaj  Lehm.— Near  Ogden,  Utah,  June. 

Fotentilla  graciliSj  Dougl.-.-Divide  between  Marsh  and  Malade  Val- 
leys, June ;  Fort  Ellis,  Montana.    • 

Fotentilla  gracilis j  DougL,  var.  JktbelUformiSj  Nutt.— Henry^s  Fork  of 
Snake  River,  July. 

Fotentilla  Anaerinaj  L. — ISear  Ogden,  Utah,  May. 

Fotentilla  fruticosan  L. — Malade  Valley,  Utah,  June ;  Henry%  Lake, 
Idaho,  August;  Yellowstone  River,  elevation  6,400  feet;  T^ton  Basin, 
July. 

Fotentilla  glandulom^  L. — Upper  T6ton  Cafion,  July ;  Henry's  Fork  of 
Snake  River,  August. 

Fotentilla  arguta^  Pursh. — Divide  between  Marsh  and  Malade  Valleys, 
June. 

Iveaia  Oordoni,  T.  and  G. — ^Red  Mountain,  elevation  10,000  feet,  Sep- 
tember ;  T^ton  Range,  elevation  10,000  feet,  July. 

Bosa  blanda,  Ait. — Divide  between  Marsh  and  Malade  Valleys,  June ; 
Fall  River,  Idaho,  July. 

Bosafraainifolia^  Bork. — ^T^ton  River,  July  23.  Collected  in  fruit  but 
not  in  flower. 

Cratasgm  rivularis^  Nutt.  (!)  (Watson,  in  Clarence  King's  Rep.^  vol.  v, 
p.  92.) — Near  Ogden,  Utah,  June. 

Cratcegus  sanguitieaj  Pallas,  var.  DouglaHiy  T.  and  G. — ^Fort  Ellis,  Mon- 
tana, July. 

Amelanchier  Canadensis^  T.  and  G.,  var.  alnifolia^  T.  and  G. — ^Divide 
between  Marsh  and  Malade  Valleys,  June ;  T6ton  MQ\SL\i\jdk\i^^^<^^^^ix^^ 
10,000  feet,  July. 
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SAXIFRAGACEJ5. 

tiaxifraga  oppositi/olia^  L. — T6tou  Mouutains,  elevation  12,000  feet, 
July. 

Saxi/raga  bronchialut,  L. — Moantains  near  Heniy^s  Lake,  Idaho,  An- 
gust. 

tkucifraga  punctata^  L. — Yellowstone  Biver,  July  ;  Upper  Teton  Gafion. 

Saxifraga  nitalufj  L. — Mountains  near  Henry's  Lake,  Idaho,  Aagust ; 
\j\)\yeT  Teton  Caiion,  July;  Clark's  Fork,  Wyoming. 

tiaxifraga  hieracifoliaj  Waldst.  and  Kit. — T^ton  Basin,  Jnly. 

Saxi/raga  Jamesiiy  DougL — Teton  Alonntains,  elevation  11,000  feet, 
July. 

Tellima  parviflora,  Hook. — T6ton  Canon,  Jnly. 

Tellima  tenella,  Benth.  and  Hook. — Near  Ogden,  Utah,  June ;  T^ton 
Mountains,  elevation  10,000  feet,  July. 

Mitella  pentandruy  Hook. — Upper  Teton  Gafion,  July. 

Mitella  trifida^  Graham. — Upper  T^ton  Canon,  July. 

Heuchera  rubescens^  Torr. — Near  Ogden,  Utah,  June. 

Heuchera  cylindrical  Dougl. — Hot  springs  along  the  Yellowstone,  ele- 
vation 6,200  feet,  September^  Grand  Caiion  of  the  Yellowstone,  August ; 
Lower  Fire-Hole  Basin. 

Heixhera  parvifolia^  Nutt. — Ogden  Canon,  Utah,  June ;  divide  be- 
tween Marsh  and  Malade  Valleys ;  T^ton  Basin,  July.  A  very  dwarf 
form  was  found  at  Fort  Ellis,  Montana. 

Parnassia  parviflora^  D.  C. — Lower  Fire-Hole  Basin,  August. 

ParnasHia  fimhriata^  Banks. — ^T6ton  Canon,  July;  spray  Hower  of  the 
Great  Falls  of  the  Yellowstone,  August  ]  headwaters  of  Snake  Biver, 
September. 

Ribes  lacustre,  Poir. — Upper  T6ton  Canon,  July. 

Ribes  lacufftrej  Poir.,  var.,  .an  Alpine  form,  (Watson,  in  Clarence 
King's  liep.,  vol.  v,  p.  1)9.)  (R.  setosurn,  Dougl.)  Teton  Mountains,  ele- 
vation 11,500  feet,  July. 

Ribes  viffCosiHHimum^  Pursh. — Upper  T^ton  Caiion,  July;  mountains 
near  Henry's  Lake,  Idaho,  August. 

Ribes  bracteosum^  Dougl. — T6ton  Caiiou,  August. 

CRASSULAOE^. 

Sedum  Rhodiola,  D.  C. — Mountains  near  Henry's  Lake,  Idaho,  August ; 
Teton  Mountains,  elevation  12,000  feet,  Jnly. 

Sedum  rliodanthum^  Gray. — Tower  Falls,  August;  Upper  Falls  of  the 
Y"ellowstone. 

Sedum  stenopetnlum^  Pursh. — Mountains  near  Ogden,  Utah,  June ; 
Fire-Hole  River,  August. 

Sedum  debile,  IS.  Watson. — Mountains  near  Ogden,  Utab,  June. 

HALOKAGEJE. 

lUyriophyllum  vertieillatum,  L. — Henry's  Fork  of  Snake  River,  August. 
Hippuris  vuhjaris,  L. — Near  Ogden,  Utah,  June;  common  on  Henry's 
•Fork  of  Snake  River,  July. 

ONAGRACE^. 

Epihbium  aiijitsti/oUum^li,-— T>*\\\^<i\i^V^^fe\\^laxah  and  Malade  Val- 
leys, June. 
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Epilobium  9uffrutioo8um,  'N'utt. — Monntains  near  Ogden,  Utah,  June. 

Epilobium  tetragonum^  L. — Near  Brigham  City,  Utah,  June ;  T6ton 
Cauon,  July ;  Snake  River  Valley,  August. 

Epilobium  panieulatum,  Nutt. — Plains  ne^r  Ogden,  Utah,  June :  T6ton 
foot-hills,  August;  Snake  Biver  Valley,  July;  mountains  near  Henry's 
Lake,  Idaho. 

Zauschneria  Galifornica^  Presl. — Mountains  near  Ogden,  Utah,  June. 

Clarkia  rhoniboidea^  Dougl. — Mountains  near  Ogden,  Utah,  June. 

Oayophytum  ramosissimumj  T.  and  G. — Near  Ogden,  Utah,  June. 

Oayophytum  racemosum^  T.  and  G. — ^T6ton  foot-hills,  August. 

Oayophytum  diffusumj  T.  and  G. — ^T6ton  foot-hills,  August. 

(Enothera  biennis,  L, — Snake  River  Valley,  July. 

(Enothera  albicaulis,  Nutt. — ^Near  Ogden,  Utah,  June. 

(Enothera  albicaulisj  Nutt,  var.  NuUalliiy  Engelm. — ^Divide  between 
Marsh  and  Mahide  Valleys,  June  29 ;  Yellowstone  River,  August. 

(Enothera  triloba,  Nutt. — Ogden  Gafion,  Utah,  June  15 ;  Port  Neuf 
Gafiou,  Idaho,  July  2;  Henry's  Fork  of  Snake  River,  July  18;  Yellow- 
stone Lake,  August  23. 

(Enothera  marginata,  Nutt. — ^Port  Neuf  Valley,  Idaho,  July  1. 

(Enothera  marginata,  Nutt.,  var.  purpurea,  S.  Watson. — Hot  springs 
along  the  Yellowstone,  elevation  6,700  feet,  September  29. 

(Enothera  scapoidea,  Nutt. — Snake  River  Valley,  July  16. 

(Enothera  heterantha,  Nutt. — T6ton  Basin,  July  11. 

(Enothera  Andina,  Nutt. — Twin  Buttes  on  Henry's  Fork  of  Snake 
River,  Idaho,  July  16. 

Qaura  biennis,  L. — ^Port  Neuf  Gafion,  Idaho,  July  1. 

Oaura  parviflora^  Dougl. — ^Port  Neuf  Gafion,  Idiho,  July  2;  Snake 
Biver  Valley,  July  19. 

Oaura  coccinea,  Nutt. — Between  Boteler's  Ranch  and  Fort  Ellis,  Mon- 
tana, July  21. 

LTTHBAOE^. 

Lythrum  alatum,  Pursh. — ^Mountains  near  Henry's  Lake,  Idaho,  Au- 
gust 9. 

loasaokzb:. 

Mentzelia  alhicaulis,  Dougl.,  var.  integri/olia,  S.  Watson. — ^Port  Neuf 
Gallon,  Idaho,  July  2. 

Mentzelia  UevicauliSy  T.  and  G. — Mountains  along  the  Yellowstone ; 
Twin  Buttes  on  Henry's  Pork  of  Snake  River,  July  25. 

TJMBELLIFEBiB. 

Bupleurum  ranuneuloides,  L. — Henry's  Lake,  Idaho,  August  9;  a 
taller  form  from  Union  Pass,  Gallatin  River,  September  12.  (See  cata- 
logue in  Hayden's  Rep.  for  1871.) 

Cicuta  maculata,  L. — ^Port  Neuf  Gaiion,  Idaho,  July  2  ;♦  Snake  River 
Valley. 

Carum  Oairdneri,  Benth.  and  Hook. — ^T6ton  River,  July ;  Snake  River 
Plains,  August ;  Fall  River,  Idaho,  July  19.  A  common  article  of  food 
among  the  Indians  of  Idaho  and  Wyoming,  who  call  it  ^^  yamp."  It  is 
very  palatable  and  nutritious,  having  somewhat  the  flavot  q^  ^*sk::^^\». 

Slum  augustifolium,  L. — Malade  Valley,  XJtaAi,  3xx\i<^ 

/Stum  lineare,  Michx. — Port  Neuf  Canon,  l&a\io,  JvsX'S* 
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Osmorrhi^a  nudOj  Torr. — ^Near  Ogden^  Utah,  Jane;  Upper  TAton 
Canon,  Jnly. 

Myrrhis  occidentaliSy  Benth.  and  Hook. — Snake  Biver  Valley^  Jaly. 

Cymopterus  fceniculaeeuij  }^att. — Moantains  near  Ogden,  Utah,  eleva- 
tion 10,000  feet,  June. 

Cymopterus  longvpes^  S.  Watson. — ^I^Tear  Ogden,  Utah,  May  to  Jone, 
1871. 

Thaspium  tri/oliatumj  Gray. — Union  Pass,  Gallatin  Biver,  September. 

Angelica  Brewerij  Gray. — Swamps  in  Snake  Biver  Valley,  Jaly, 

Conioselinum  Canadense,  T.  and  G. — Upper  T^ton  Canon,  Jaly. 

Peucedanum  simplexj  Nntt. — Mountains  near  Ogden,  Utah,  elevation 
9,000  feet,  June. 

Ferula  multifida^  Gray,  {LeptotCBnia^  Nntt.) — Ogden  Cafion,  Utah,  Jane. 

Heracleum  lanatum^  Michx. — Upper  T6ton  CafLon,  July. 

GORNAOBiB. 

Gomus  Canadensis^  L. — Madison  Biver  Canon,  August. 
Camus  pubescenSy  Nntt. — Swamps  on  T^ton  Biver,  July. 

OAPRIFOLIACaLS:. 

Linncea  borealisj  Gronov. — Lower  Fire-Hole  Basin,  August;  Yellow- 
stone Biver;  Gibbon's  Fork  of  Madison  Biver. 

Symphoricarpus  montuntiSj  H.  B.  K. — Ogden  Caiion,  Utah,  June;  Yel- 
lowstone Biver,  August;  Snake  Biver  Valley,  July ;  T6ton  Canon. 

Symphoricarpus  ocddentaliSj  B.  Br. — Snake  Biver  Valley,  July. 

Lonicera  involucrata^  Banks. — Ogden  Caiion,  Utah,  June;  Tower 
Falls ;  T^ton  Mountains,  elevation  10,000  feet,  July. 

Lonicera  Utahensis,  S.  Watson. — Upper  T^ton  Canon,  July. 

Samhucus  racemosa^  L.,  var.  puhens^  S.  Watson,  {S.»pubens,  Michx.) — 
Little  Cottonwood  Caiion,  Utah,  June;  Upper  Teton  Caiion,  July. 

Samhucus  glauca,  Nutt. — ^Near  Ogden,  Utah,  June. 

RUBIACEiE. 

Galium  Aparine,  L. — Ogden  Caiion,  Utah  Territory,  June;  along  the 
Yellowstone,  elevation  6,400  feet. 

Galium  mulUflorum^  Kellogg,  {G.  hypotrichium^  Gray.) — ^Near  Ogden, 
Utah,  June. 

Galium  trifidum^  L. — Henry's  Fork  of  Snake  Biver,  August. 

Galium  horeale,  L. — Divide  between  Marsh  and  Malade  Valleys,  June; 
Henry's  Fork  of  Snake  Biver,  July. 

VALERIANACE^. 

Valeriana  dioica^  L.,  var.  sylvatiea,  S.  Watson. — Near  Ogden,  Utah, 
June;  Bed  Mountain,  elevation  9,000  feet,  September. 

Valeriana  eduliSj  Nutt. — Teton  Mountains,  elevation,  11,600  feet; 
July;  near  Henry's  Lake,  Idaho,  August. 

Flectritis  congesta,  D.  C. — Plains  near  Ogden,  Utah  Territory,  Jane. 

COMPOSITE. 

Eupatorium  purpureum^  L. — Snake  Biver  Valley,  July. 
Aster  integrifolius^  ^vxt,t,.— l^^^ftw  ^^^w^.^  ^AaL^x^s.^*-^  Haxiry's  Fork  of 
Snake  Biver;  Upper  Cmoia.ol\Xi^^^*^^9»w^. 
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Aster  adscendensj  Lindl. — Upper  Gteyser  Basin,  August. 

Aster  adscendetis,  Lindl.,  van  Parryij  S.  Watson. — ^T6ton  Basin,  July; 
Trail  Creek  Mountains,  September. 

Aster  multiflo}'us,  Ait. — Shoshone  Lake,  September. 

Aster  gladali^j  Nutt — ^Trail  Creek  Mountains,  September;  T^toii 
Mountains,  elevation  11,000  feet,  July. 

Aster  pulchellus,  D.  C.  Eaton.— T^ton  Mountains,  elevation  12,000 
feet,  July. 

Aster  salsuginosuSy  Bich. — ^T6ton  Mountains,  elevation  12,000  feet, 
July. 

Aster  salsuginosuSj  Bich.,  var.  B.,  T.  and  G. — Upper  T^ton  Cafiou, 
July. 

Aster  Haydenij  Porter,  (Hayden's  Beport  for  1871.) — Shoshone  Lake, 
September. 

Aster  Sayij  Nutt,  (Gray  in  Proc.  Am.  Acad.,  May,  1872,  p.  389;  Hall's 
Oregon  Coll.,  246.)— T6ton  Bange,  elevation  10,000  feet,  July. 

Aster  elegamj  T.  and  G. — Fall  Biver,  Idaho,  July ;  T6ton  Mountains, 
elevation  10,000  feet. 

Aster  Engelmanniy  Gray,  (A,  elegans^  var.  Engehnanni^  D.  C.  Eaton.) — 
Madison  Biver  CaHon,  August;  T^ton  Bange,  elevation  10,000  feet, 
July. 

Totcnsendia  scapigera,  D.  C.  Eaton. — Union  Pass,  Gallatin  Biver, 
July;  T^ton  Mountains,  elevation  10,000  feet. 

Townsendm  strigosa,  Nutt — Snake  Biver  Valley,  Idaho,  July. 

Toumsetvdia  grandiflora^  Nutt. — From  Boteler's  Banch  to  the  Yellow- 
stone, July. 

Machccranthera  canescens^  Nutt. — Madison  Canon,  August;  T^ton 
Basin,  July.    Several  forms  were  found. 

Erigeron grandiflorumyB.ook.. — ^T6ton  Mountains, elevation  10,000 feet, 
July.    A  very  dwarf  form  was  found  at  Shoshone  Lake,  September. 

Erigero7i  acre^  L. — Mountains  along  Clark's  Fork,  Wyoming,  elevation 
9,000  feet,  August. 

Erigeron  Bellidimtrum^  Nutt. — Near  Ogden,  Utah,  June;  Boss  Fork 
to  Fort  Hall,  Idaho,  July ;  Snake  Biver  Valley. 

Erigeron  mcLoranthum,  Nutt — Wooded  Canon  of  T6ton  Biver,  July. 
Very  variable  in  size. 

Erigeron  glabellmij  Nutt — Near  Ogden,  Utah,  June;  T6ton  Basin, 
July  :  Upper  Teton  Canon. 

Erigeron  corymbosumj  Nutt — Divide  between  Marsh  and  Malade  Val- 
leys, June ;  Lower  Fire-Hole  Basin,  August 

Erigeron  fiXifolium^  Nutt. — Henry's  Lake,  Idaho,  August ;  from  Boss 
Fork  to  Fort  Hall,  Idaho,  July. 

Solidago  Virga-aurea^  L. — Xi^ton  foot-hills,  August. 

Soiidago  Virga-aurea,  L.,  var.  multiradiataj  T.  andG. — Mountains  near 
Henry's  Lake,  Idaho,  August;  Yellowstone  Lake. 

Solidago  Virgaaurea,  L..  var.  Alpine  form,  554  of  Watson's  collection. 
(Clarence  King's  Bep.,  vol.  v,  p.  154.) — Bed  Mountain,  elevation  10,000 
feet,  September. 

Solidago  GuiradoniSj  Gray,  var.  spectabiliSj  S.  Wat^n,  (Clarence 
King's  Kep.,  vol.  v,  p.  154.) — ^T6ton  Basin,  August 

Solidago  nemoralis,  T.  and  G. — Headwaters  of  Madison  Biver,  Sep- 
tember. 

Solidago  elongata,  Nutt — ^Teton  foot-hills,  August. 

Solidago  gigantea.  Ait. — T^ton  foot-hills,  August;  Yellov9tev!kfe\jaS«.<e^\ 
Henry's  Fork  of  Snake  Biver. 

49  a  s 
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Solidago  gigantea,  Ait. — A  form,  562  of  Watson's  collection.  (Clarence 
King's  Rep.,  vol.  v,  p.  156.) — Port  Nenf  Canon,  Idaho,  Jnly. 

Linosyris  graveolens^  T.  and  G. — Lower  Fire-Hole  Basin,  Angnst. 

Linosyria  viscidiflora^  T.  and  G. — ^Near  Brigham  City,  Utah,  Jnne. 

Linosyris  viscidiflora,  T.  and  G.,  var.  serrulatOj  Torr.  (Stansb.  Bep., 
Ed.  2,  p.  389.) — Near  Bringham  City,  Utah,  Jane. 

TAnosyris  viscidifloraj  T.  and  G.,  var.  loH/bliOj  D.  C.  Eaton. — ^Leaves 
from  2-3'  long.    Mountains  along  Malade  Valley,  Idaho. 

Linosyris  viscidiflorOj  T.  and  G.,  var.  puberuUiy  D.  C.  Eaton. — Fall 
River,  Idaho,  July. 

Linosyris  visc^idifloroj  T.  and  G.  <<  A  form  8  flowered,"  Professor  Por- 
ter.— Twin  Buttes  on  Henry's  Fork  of  Snake  River,  July. 

Aplopappus  suffrutioosuSj  'Gray.  (Mdcronema  suffrutieosa^  Natt.) 
(Proc.  Am.  Acad.,  6,  542.)— Snake  River  Valley,  July. 

Aplopappus  lanceolatuSf  T.  and  G. — Around  the  hot  springs  in  both 
geyser  basins,  August. 

Aplopappm  CLcaulis^  Gray. — Mountains  near  Henry's  Lake,  Idaho  Ter- 
ritory, August. 

Aplopappus  Nuttalliij  T.  and  G. — ^Near  Fort  Bridger,  Wyoming,  Angnst, 
I>r,  Joseph  Leidy. 

Aplopappus  uniflorusj  T.  and  G.  A  form  with  the  radical  leaves  en- 
tire or  nearly  so.    Henry's  Lake,  Idaho,  Angnst  8. 

Chrindelia  squarrosc^  Don. — ^Port  Neuf  Valley,  Idaho,  July  1. 

Chrysopsis  villosa,  Nutt — Henry's  Fork  of  Snake  River,  July  18 ; 
around  the  hot  springs  of  Lower  Fire-Hole  Basin,  August  13.  Very 
variable. 

Chrysopsis  vilhsa^  Nutt.,  var.  hispida^  Gray. — ^Madison  Lake,  Septem- 
ber 4. 

Iva  axillaris^  Pursh. — Malade  Valley,  June ;  abundant  in  Snake  River 
Valley,  July  26 ;  near  hot  springs  along  the  Yellowstone,  August. 

Wycthia  amplexieaulis^  Nutt. — Malade  Valley,  Utah,  June  27r 

Bahamorrhiza  sagittata^  Nutt. — From  Ross  Fork  to  Fort  Hall,  Idaho, 
July  3. 

Ruilbeclxia  occidentaUs,  Nutt. — Ogdeu  Cation,  Utah,  June  15;  Teton 
Mountains,  elevation  10,000  feet,  July  24;  Snake  River  Plains,  August. 

Hdianthiis  lentwiiUiris,  Dougl. — Malade  Valley,  Utah,  June 27;  Snake 
River  Valley,  July. 

Ilcllnnthus  NiittaUii,  T.  and  G. — Lower  Fire-Hole  Basin,  August  29. 

Hellanthus  peiiolariSj  Nutt. — Weber  River.  Utah,  June  19. 

Helianthella  multicaulis,  D.  C.  Eaton. — Fall  River,  Idaho,  July  19. 

HelianthtUa  utiifloraj  T.  and  G. — Upper  Teton  Caiion,  July  26. 

Heliomeris  multlliora^  Nutt. — Teton  River,  Idaho,  July  23. 

Cluvnactis  Douglasii^  Hook,  and  Arn. — Ogden  Canon,  Utah,  June  15; 
Fire-Hole  River,  August;  Gardiner's  River,  Montana;  Snake  River, 
Idaho. 

Chamactls  Bouglctsiij  Hook,  and  Arn. — Alpine  form,  mountains  near 
Henry's  Lake,  Idaho,  August  9;  Lower  Fire- Hole  Basin. 

Bahia  leucophyUa,  D.  C. — Henry's  Fork  of  Snake  River,  July  18; 
Teton  Basin,  July  21. 

Actinella  grandiflora^  T.  and  G. — ^T^ton  Mount^iins,  elevation  12,000 
feet,  July  30. 

Layia  glandtdosa^  Hook,  and  Arn. — Twin  Buttes  on  Henry's  Fork  of 
Snake  River,  July  16. 

Layia  Iteterotricha,   Hook,  and  Arn. — Near  Ogden,  Utah,  June  5. 

Aladia  racemosa,  T.  auvV  ^. — ^C^^v\<iVL  Vivv^OiTx^ Utah^  June  15. 
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Achillea  MiUe/oliumj  L. — l^ear  Ogden,  Utah,  May  30 ;  very  abandant 
everywhere  on  the  route. 

Matricaria  diacoideay  D.  O. — Great  Salt  Lake,  June  17. 

Artemisia  dracunculaideSj  Ptirsh. — Snake  Eiver  Valley,  October ;  Yel- 
lowstone £iver,  August  23. 

Artemisia  tridentata^  Nutt. — ^Yellowstone  Lake,  August  23;  Snake 
River  Valley,  July.    The  common  form  all  over  the  West. 

Artemisia  discolor^  Dougl. — Snake  Biver  Valley,  October;  Lower 
Fire-Hole  Basin,  August 

Artemisia  Ludoviciana,  Nutt. — Weber  River,  Utah,  June. 

Artemisia  Ltidoviciana,  Nutt.,  var.  DougUmanay  D.  0.  Eaton.  (A. 
Douglasiana^  T.  and  G.) — Yellowstone  Lake,  August;  Market  Lake, 
Idaho,  July. 

Artemisia  Ludoviciana^  Nutt.,  var.  latifoUa^  T.  and  G. — Yellowstone  . 
Lake,  August  5 ;  Port  Nenf  Canon,  Idaho,  July. 

Artemisia  caruiy  Pursh. — Yellowstone  Lake,  August. 

Artemisia  frigida^  Nutt — Near  Fort  Bridger,  Wyoming,  August,  Dr. 
Joseph  Leidy. 

Chxaphalium  hiteo-album^  L.,  var.  Sprengeliij  D.  G.  Eaton. — White 
Mountain  Hot  Springs,  Montana,  elevation  6,400  feet,  July;  Geyser 
Basin  on  Shoshone  Lake,  September. 

Gnaphalium  palustre^  Nutt. — Great  Salt  Lake,  June. 

Ofmphalium  microcepliolum^  Nutt — Shoshone  Lake,  September. 

Antennaria  margarita^sea^  R.  Br. — Henry's  Lake,  Idaho,  August  8. 

Antennaria  Carpathica^  R.  Br. — Shoshone  Lake,  September  6. 

Antennaria  Carpathica^  R.  Br.,  x^LV^putcherrima^  Hook. — Henry's  Lake, 
Idaho,  August  8 ;  Lower  Fire-Hole  Basin,  September ;  T6ton  Basin, 
July  21. 

Antennaria  aJpina^  Gsertn. — Ogden  Canon,  Utah,  June  15 ;  Fort  Hall, 
Idaho,  July  ;  Upper  Geyser  Basin,  August. 

Antennaria  dioiea,  Gsertn. — Yellowstone  River,  August  22 ;  Snake 
River  Valley,  July  30. 

Antennaria  dioi<:ay  Gjertn.,  var.  rosea^  D.  C.  Eaton. — ^T^ton  Basin,  July 
21. 

Antennaria  racemosa.  Hook. — ^Mountains  near  Henri's  Lake,  Idaho, 
August  9. 

Arniea  langifoHa^  D.  C.  Eaton. — Grand  Cafion  of  the  Yellowstone, 
August  22. 

Arnica  augusUfoHa^  Vahl. — ^Divide  between  Mai*sh  and  Malade  Valleys, 
June  29. 

^Yrnica  ChamissoniSj  Less. — Divide  between  Marsh  and  Malade  Val- 
leys, June  29 ;  swamps  along  Henry's  Fork  of  Snake  River,  August. 

Arnica  latifolia^  Bongard. — ^Teton  Mountains,  elevation  10,000  feet, 
July. 

Arnica  cordifolia^  Hook. — Ogden  Canon,  Utah,  June;  T^ton  Basin, 
July ;  Trail  River  Mountains,  September. 

Senecio  lugens,  Richards. — T6ton  Mountains,  elevation  10,000  feet, 
July;  Yellowstone  Lake,  August 

Senecio  lugens^  Richards,  v^.  MooJcerij  D.  C.  Eaton. — ^Mountains  near 
Henry's  Lake,  Idaho,  August. 

Senecio  lugens^  Richards,  var.  exaltatus^  D.  C.  Eaton. — ^Lower  Fire- 
Hole  Basin,  August;  Mountains  near  Ogden,  Utah,  June. 

Senecio  hydrophilus^  Nutt. — Henry's  Lake,  Idaho,  August 

Senecio  triangularis^  Hook. — Henry's  Fork  of  Snake  riv^v^  ^^x^^^^g^^S 
Yellowstone  Lake;  Red  Mountain,  elevation  l^^W^  iwX^  ^«^\fc\s^afe^\ 
T^ton  Biver. 
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Senecio  Serra,  Hook.,  (Watson,  in  Clarence  King^s  Rep.,  vol.  v,  p.  189, 
uuder  8,  Andinus.) — T6ton  Mountains,  elevation  10,000  feet,  July. 

Senecio  AndinuSj  Nutt. — ^Divide  between  Marsh  and  Malade  Valleys, 
June ;  Shoshone  Lake,  September. 

Senecio  aureus^  L. — Ogden  Canon,  Utab,  June;  Teton  Basin,  July. 

Senecio  aureus j  L.,  var.  obovixtuSy  T.  and  G-. — Divide  between  Marsh  and 
Malade  Valleys,  June. 

Senecio  aureus,  L.,  var.  croceus.  Gray. — Yellowstone  Lake,  Angust 

Senecio  canus.  Hook. — Around  hot  springs  in  Lower  Fire-Hole  Basin, 
August.    The  form  with  entire  leaves. 

Senecio  Fcndleri,  Gray.  (PI.  Fendl.,  p.  108.) — Malade  Valley,  Idaho, 
June.    With  uncommonly  long  petioles. 

Senecio  multilobatusj  T.  and  G. — Near  Ogden,  Utah,  June. 

Senecio  suhnudus^  D.  C. — ^Lower  Fire-Hole  Basin,  near  hot  springs, 
August. 

Tetradymia  canescens.  D.  C. — Snake  Eiver  Plains,  July. 

Several  species  of  Virsium  were  collected,  probably  C  foliosunij  C. 
Drummondii^  and  some  others,  but  the  material  was  too  meager  for  a 
satisfactory  determination  of  these  mixed  species. 

Stephanomeria  minor ,  Nutt.,(including/S.mn(»nato,Nntt.) — Near  Brig- 
ham  City,  Utah,  June^  Fort  Hall,  Idaho,  July  j  a  slender,  unbranched 
iorm. 

Stephanomeria  exigua,  Nutt. — Snake  River  Valley,  July. 
N   Hieraxiium  Scouleri^  Hook. — Snake  River  Valley,  Idaho,  July ;  Malade 
Valley,  June. 

Hieraeium  alhiflorum.  Hook. — Upper  Canon  of  the  Madison,  August. 
A  small,  single-flowered,  alpine  form  was  found  on  the  hills  around  the 
Upper  Geyser  Basin. 

Lygodesmia  juncea,  Don.,  var.  dianthopsis,  D.  C.  Eaton,  (Clarence 
King's  Eep.,  vol.  v,  p.  200.) — Ogden  Canon,  Utah,  June;  near  Great  Salt 
Lake. 

Malacothrix  sonchoides,  T.  and  G. — Twin  Buttes  on  Henry's  Fork  of 
Snake  Kivor,  July;  Port  Nenf  Caiion,  Idaho. 

Crcpis  Andersonii^  Gray. — Lower  Fire-Hole  Basin,  August. 

Crepis  occid<^7italis,  Nutt. — Marsh  Valley,  June;  Fire- Hole  River, 
Au<:?:ust. 

Crepis  occidentalism  Nutt.,  var.  gracilis,  D.  C.  Eaton. — Mountains  near 
Henry's  Lake,  Idaho,  August. 

Crepis  acuminata^  Nutt. — Plains  near  Ogden,  Utah,  June;  Teton  Basin, 
July  ;  Bear  River  Valley. 

Crepis  nana,  Richards.  (Fl.  N.  Am.  2,  p.  488.) — Teton  Mountains, 
elevation  12,000  feet,  July.  >^ 

Macrorrhyncus  glaucus,  D.  C.  Eaton,  var,  laciniatus,  D,  C.  Eaton. — 
8nake  liiver  Plains,  July. 

Macrorrhyncus  troximoides,  T.  and  G. — Swamp  near  Ogden,  Utah, 
flune;  Henrv's  Fork  of  Snake  River,  July;  lied  Mountain,  elevation 
10,000  feet,  September. 

Taraxacum  Dennleonis,  Desf. — Ogden  Canon,  Utah,  June.  Collected 
in  abundance,  but  lost. 

MuJ/jedium  pulchcllnm,  Nutt. — Port  Neuf  Canon,  Idaho,  July. 

MuUjedium  Icucophwum,  D.  C. — Gallatin  Canon,  September. 

Sonchns  asper,  Vill. — Ogden  Canon,  Utah,  June.  Collected  with  sev- 
eral other  specimens  and  lost. 

Gaillardia  ari«tata,  Pursh. — Union  Pass,  Gallatin  River,  Montana, 
September. 
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LOBELIAOKfi. 

PortereUa  camulosaj  Torr.  (See  Gat.  Hayden's  Bep.  for  1871.) — 
Swamp  on  Henry's  Fork  of  Snake  Biver,  AugAst. 

OAHPANULAO£.aL 

Campanula  rotundifoliaj  L. — Elevated  platean,  Montana ;  Snake  Biver 
Valley,  July. 

Campanula  rotundifoliay  L.  var.  linifoliOj  Gray. — Mountains  along  the 
Yellowstone,  elevation  6,000  feet  ^  Teton  Basin,  July. 

Specularia  perfoliAita^  A.  D.  G. — Hot  springs  ten  miles  from  Ogden, 
Utah,  June. 

erigaoejb:. 

Vaccinium  uU{iino8umy  L. — Henry's  Pork  of  Snake  Biver,  August; 
Shoshone  Lake,  September. 

Vaccinium  myrtilloides^  Hook. — Henry's  Lake,  Idaho,  August. 

Vaccinium  myrtillaidesy  Rook.y  var.  macrqphyllum^  Gray. — Upper  T6ton 
Canon,  July. 

Vaccinium  MyrtilluSy  L. — ^Yellowstone  Lake,  August. 

ViJtccinium  ovalifoliumj  Smith. — Upper  T^ton  Canon,  July. 

Arcto8taphylo8  Uva-Ur8i,Spreng. — ^Yellowstone  Biver,  August  j  Lower 
Fire-Hole  Basin,  July.    The  "  Kinnikinnick"  of  the  Indians. 

Kalmi<i  glauca^  Ait. — Shoshone  Lake,  September,  growing  on  gey- 
serite. 

Kalmia  glaucay  Ait.,  var.  microphylla,  Hook. — ^Mountains  along  Clark's 
Fork,  Wyoming;  elevation  9,000  feet;  August.  A  small  alpine  form 
was  found  upon  the  Bocky  Mountain  divide,  near  Shoshone  Lake,  Sep- 
tember. 

By*yanthu8  empetriformis^  Gray.  (Proc.  Am.  Acad.,  vol.  vii,  p.  367.) — 
Teton  Mountains;  elevation  12,000  feet,  July ;  Bocky  Mountain  divide, 
near  Shoshone  Lake,  September. 

Ledum  glandulosumy  Nutt. — Tower  'Falls,  August;  Shoshone  Lake, 
September. 

Pyrola  roUmdifolia,  L.,  var.  incariiata,  Gray. — T6ton  Caiion,  July. 

Pyroln  chlorantka,  Swartz. — Upper  T6ton  Canon,  July;  Pall  Biver, 
Idaho,  August. 

Pyrola  secunda^  L. — ^Fire-Hole  Biver,  August ;  Upper  T6ton  Canon, 
July. 

Pyrola  aphylUtj  Smith.  (Pacific  Bailroad  Bep.,  vol.  vi,  p.  80  of  the 
Bot.) — Henry's  Lake,  Idaho,  August. 

Pyrola  picta^  Hook. — Fall  Biver,  Idaho,  August. 

Moneses  unifloraj  Gray. — Upper  T6ton  Caiion,  July. 

Chimaphila  umhellata^  Nutt. — Eastern  canons  of  the  T6ton  Bange, 
September. 

Monotropa  RypopitySy  L. — Bed  Mountain ;  elevation  10,000  feet,  Sep- 
tember; Lower  Fire-Hole  Basin,  August. 

Pterospora  Andromedca^  Nutt. — Jackson's  Lake,  September.  Speci- 
mens were  found  at  this  locality  four  feet  high ;  along  the  Yellowstone*. 

PLANTAOINACE-B. 

Plantago  major ^  L. — Weber  Biver,  Utah,  June.    Dox^btXw^^VxvXx^a^xxsysi^^S.. 
Plantago  Patagonica,  Jacq.,  var.  ^t^aphalioides^  Qct^i^  ,— ^^%x  ^^^v^^cw^ 
Utah,  June;  Snake  Biver  Valley,  very  abuuOiQAiti. 
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Plantago  Patatfonica,  Jiicq.,  var.  artttala,  Gray. 
Snake  Kiver,  July.  1 

PRIMFLACEJE.  J 

Androiince  ifptatfrionalia,  L.  Alpine  form,  753  of  Watson^^ 
River  Moniitiiinis,  Sfptvinlier;  Teton  Mmmliiiiis;  elevation  10,OOn 
July.  2 

Dodeeatheon  Mcadia,  h. — Ogden  CaQou,  Utah,  Jaue,  ^ 

Dodecatlwon  Meadia,  L.  Alpine  form  of  8.  Watson,  75B,  2-8'  b!^ 
Upper  T6ton  UaSon ;  elevation  10,{>00  feet,  July ;  mount^uns  » 
Clark's  Pork,  Wyoming;  elevation  9,000  ffeet. 

Lysimachiaciliata,  L.— Swamp  iiear Ogden,  Utah,  Jane;  Twin  Bu 
on  Henry's  Fork  of  Snake  Kiver,  July. 

Qtaw  flianttmn,  L. — Malade  valley.  Utali,  June. 


LENTtBULACE-B. 


i 


(Jtricwlaria  vul^ria,  L.,  var.  jl»nerM"nHa,Gray. — Henrj'a  Fork  of  Si 
River,  August  5. 


OBOBA;tCBACE^. 


t.)-J 


PheUptm  erianthfTit,  Engelm.     \Orobanehf  mvUifiora,  Nntt.)- 
yaUej',  Walio,  July ;  "  The  *  Too-whoo '  of  the  Pah-Utea,  bjj 
^  -3U-WatsoD.  M 

\  Vmiflorvm,  T.  and  G. — Monotains  near  Ogden,  TJtall,i 
13 ;  'Wton  Oafion,  Jnly  1«. 

Apkynon  fatoiculatum,  T,  and  ti. — Snake  Biver  Valley,  Xdaho,  ■ 
IT ;  fVom  Botelei's  Ranch  to  the  TeUowstone,  Jaly  23. 

80K0PHULASU.0E.S. 

Scrophuiaria  tiodoaa,  L. — Near  Ogden,  Utah,  June  6.  Aboodant^ 
where  near  settlementa. 

CoHinsia  parviftora,  Dongl. — Plains  near  Ogden,  Utah,  Jane  S ;  Ti 
Gafion,  July  24;  Yellowstone  Lake,  August  23. 

Pentsiemon  Memieaii,   Hook.,  var.  HougUmi,   Gray.     (P.  Dotijfi 
Hook.) — Trail  Creek  Mountains,  September;  Clwfe's  Fork,  Wyomii 

PenUtemon  Menziesii,  Hook.,  var.  Leteisii,  Gr. — Heniy'a  Lake,  Id 
and  T4ton  Monntains. 

Pentstenwn  glaber,  Pnrsh. — ^Near  Ogden,   Utah,  Jane;   FidI  Kj 
IdaliD,  Jaly. 

PenUtemon  eyanantkta,  Hoofa.^UonntaiaB  ne«r  Ogden,  Utah,  elev) 
9,000  feet,  Jane. 

Pentatemon  acuminatus,  Doagl. — From  Boss  Fork  to  Fort  Hall,  Id 
Jaly. 

Pentstemon  criitatw,  N'utt.^Hystic  Idke,  near  Fort  BlIiB,  Uont 
Jalv. 

FCHtttemon  humili*,  Nntt. — Monntains  near  Ogden,  Utah,  Jane. 

PenUtemon  fflavcua,  Grab. — Upper  T^ton  OaSon^Jnly. 

PenUtemon  ^tau«u«,  Grah.,  var.  atmoMpalw,  Gray. — ^Alongthe  Tel 
stone,  elevation  6,700 feet,  July. 

PaOgtemm  etrnfartits,  Dongl.— TSton  Batin,  Jnly. 
PmWeinwm  «>i»jert»«,Dougl.,  var.  caruleo^purptimu,  Gray. — Ttatm^ 
along  Halt  TA\o^«l«mfti  %\CT«3LWi  ";,««!»  l<!K.^S«Qt«mberi  Tellowi 
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Lake;  Snake  Eiver  Valley,  July;  Fall  Eiver,  Idaho.    A  very  dwarf 
form  was  foaud  on  the  mouutains  near  Ogdeu,  Utah. 

Pentstemon  deustua^  Dougl. — Henry's  Fork  of  ISnake  River,  July. 

PenUtemon  heterophyllus,  LindL,  var.  latifoliusj  8.  Watson.  (Clarence 
King's  Rep.,  vol.  v,  p.  222.) — ^Near  Ogden,  Utah,  June. 

MimtUus  Lewisiij  Pursh. — Near  Ogden,  Utah,  June;  Upper  T^ton 
Caiion,  July;  Yellowstone  Lake,  August;  Trail  Ci*eek  Mountains,  Sep- 
tember. 

Mimultut  lutett8y  L. — ^Near  Ogden,  Utah,  June.  This  species  is  found 
eveiywhere  in  the  West  in  the  greatest  abundance  and  variety  of  form 
aud  size. 

Mimulus  luietiSj  L.  Depauperate  form,  790  of  Watson. — ^Near  Salt 
Lake  City,  Utah,  June. 

Mimulus  floribund%i8y  Dougl. — Foot-hills  of  the  T^ton  Range,  August. 

Mimulm  moschattiSy  Dougl. — Henry's  Fork  of  Snake  River,  August; 
T6ton  foot-hills,  July. 

Mimulus  rubellusj  Gray,  (Mex.  Bound.  Rep.,  p.  116.)  (Watson,  in 
Clarence  King's  Rep.,  vol.  v,  p.  226.) — Near  Ogden,  Utah,  June. 

ISunanus  Fremantiij  D.  C. — Crater  Hills,  Wyoming,  August;  Twin 
Buttes  on  Henry's  Fork  of  Snake  River,  Idaho,  July. 

Synthy^ris  alp^inaj  Gray. — T6ton  Mountains,  elevation  10,000  feet,  July. 

Veronica  AnagalliSj  L. — Near  Ogden,  Utah,  June;  Heart  Lake,  Sep- 
tember; T^ton  River,  July. 

Veronica  Anierifanay  Schwein. — ^Near  Brigham  City,  Utah,  June. 

Veronica  alpina^  L. — Trail  Creek  Mountains,  September. 

Veronica  serpyllifoliaj  L. — ^T^ton  River,  July. 

Veronica  peregritia,  L. — T6ton  River,  July. 

Casiilleia  linaricefoliay  l^enth. — Divide  between  Marsh  and  Malade 
Valleys.  June. 

Casiilleia  affirm,  Hook,  and  Am. — Malade  Valley,  Idaho,  June. 

CaMUleia  affinis.  Hook,  and  Arn.,  var.  minorj  Gray. — Mountains  along 
the  Yellowstone,  elevation  6,400  feet,  July. 

Casiilleia  parviflora.  Bong. — Divide  between  March  and  Malade  Val- 
leys, June. 

Castilleia  pallida,  Kunth. — Ogden  CaHon,  Utah,  June ;  TtSton  Moun- 
tains, elevation  10,000  feet,  July.    The  red  variety  was  also  found. 

Castilleia  flava,  S.  Watson. — Ross  Fork  to  Fort  Hall,  Idaho,  July; 
Teton  Basin. 

Ortlwcarpiis  Tohniei,  Hook,  and  Arn. — Snake  River  Valley,  July;  near 
Fort  Bridger,  Wyoming,  August    Dr,  Joseph  Leidy, 

Ortliocarpus  luteuSj  Nutt — Twin  Buttes,  on  Henry's  -Fork  of  Snake 
River,  July. 

Cordylanthus  ramosus^  Nutt. — Tdton  foot-hills,  August;  Snake  River 
Valley,  July. 

Pedicular  is  Grcdnlandica^'Retz. — Henry's  Fork  of  Snake  River,  August, 
iu  flower ;  Shoshone  Lake,  September. 

Pedicular  in  bracieosa,  Benth, — Lower  Falls  of  the  Yellowstone,  August ; 
Trail  River  Mountains,  September ;  T^ton  Mountains,  elevation  10,000 
feet,  July. 

Pedicularis  racemosa,  Dougl. — ^Yellowstone  Lake,  August;  T^ton  Moun- 
tains, elevation  10,000  feet,  July;  Shoshone  Lake,  September. 

Pedicularis  /SuJctioa,  Willd.(t)— T6ton  Mountains,  elevation  10,000  feet, 
July. 

Pedicularis  Parryi,  Gray. — Uintah  Mountains,  Wyoming,  August.  Dr. 
Joseph  Leidy. 
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VERBBNACKfi. 

Verbena  hastata^  L. — Near  Brigham  City,  Utah,  Jane. 
Verbena  bracteosa^  Michx. — ^Near  Brigham  City,  Utah,  Jane;  Blackfoot 
River,  Idaho,  July. 

LABIATJB. 

Menilw,  CatuidensiSy  L. — From  Boss  Fork  to  Fort  Hall,  Idaho,  Jaly ; 
Henry's  Fork  of  Snake  Biver ;  Yellowstone  Lake,  Angast. 

Mentlia  CanadensiSj  L.,  var.  glabrata,  Benth. — Henry's  Fork  of  Snake 
Biver,  August. 

Lycopus  Virgmicus,  L.,  var. — ^Lower  Fire-Hole  Basin,  August. 

Lophanthus  urticce/oliuSj  Benth. — Near  Ogden,  Utah,  June. 

Dracocephdlum  parviflorum^  D.  O. — Weber  Biver,  Utah,  Jane ;  Snake 
Biver  Valley,  July. 

Physostegia  partifloray  Natt  (Gray,  in  Proc.  Am.  Acad.,  May,  1872, 
p.  371.)  {Draoocephalum  variegatumj  Ventenat.) — Snake  Biver  Valley, 
Idaho,  July. 

Brunella  vulgarU^  L. — Swamp  near  Ogden,  Utah,  June ;  Henry's  Fork 
of  Snake  Biver,  Augnst;  T^ton  Basin,  Jnly. 

Scutellaria  resinosa^  Torr. — ^Near  Ogden,  Utah,  Jane. 

Scutellaria  galericulataj  L. — Henry's  Fork  of  Snake  Biver,  Aagnst. 

Marrubium  vulgare^  L. — Near  Ogden,  Utah,  June  18. 

Siachys  palustris^  L. — Near  Brigham  City,  Utah,  June  25;  Snake 
Biver  Valley,  July;  Fort  Ellis,  Montana,  August. 

Stachys  palustriSj  L.,  var.  aspera,  Gray. — Weber  Biver,  Utah,  Jane  19. 

Monarda  fistulosa^  L. — From  Fort  Ellis  to.  Boteler^s  Banch,  Montana, 
July. 

BOBBAGINAOEiE. 

Lltliospermum  longiflorum^  Spreng. — Omaliii,  Nebraska,  May  18;  foot- 
hills near  Ogden,  Utah,  Juno. 

Lithoftpennum  pilosum^  Nutt,  (L,  ruderale^  Dougl.) — Port  Neuf  Canon, 
Idaho,  July  2. 

Mertennia  Sihirica^  Don. — Bed  Mountain,  elevation  10,000  feot^  Si»p- 
teniber  11 ;  Teton  range,  elevation  10,000  feet,  July  24. 

Mertemia  paniculata^  Don. — Near  Ugdeu,  Utah,  June. 

Mcrtetifiia  brevistyla^  S.  Watson.  (Clarenee  King'*  Rep.,  vol.  v,  p. 
230.) — Mountains  near  Henry's  Lake,  Idaho,  August ;  Trail  Creek 
Mountains,  September. 

Piptocalyx  circnmscissus^  Torr.— Market  Lake,  Idaho,  July. 

EritricMum  villosnm^  D.  C,  var.  aretioUlca,  Hook. — Teton  Mountains, 
elevation  12,000  feet,  July. 

Eiltrkhium  augmftifolium,  Torr. — Xear  Ogden,  Utah,  May;  Snake 
lliver  Valley,  July. 

Eriirichium  Californicumj  D.  C. — Near  Ogden,  Utah,  May;  Snake 
Biver  Valley,  July. 

Eritrichliun  glomeratum,  D.  0. — Mystic  Lake,  near  Fort  Ellis,  Mon- 
tana, July. 

Eritriehium  leiocarpum,  S.  Watson.  (Clarence  King\s  Bep.,  vol.  v,  p. 
244.)  {Knjnitzkia  kiocarpum^  Fiscli.  and  Meyer.) — Snake  River  Valley. 
July.  A  loriu  was  found  at  Ogden,  Utah,  that  answers  to  E,  miiricula- 
turn  J  Torr.,  ret'erved  V>>f  \S'v\\,^o\\  Vvi  E.  UxQ^at^iww..  Tte  nutlets  are 
plainly  granulated. 
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JEritrichium  crassisepalumy  T.  and  G. — Mystic  Lake,  near  Fort  Ellis, 
Montana,  July. 

Echinospermum  Eedowskii,  Lehm.,  var.  ocoidentaUj  S.  Watson.  {E. 
Kedowskii^  6ray.)*^Great  Salt  Lake,  June  15. 

Echinospermum  deflexum^  Lehm.,  var.  floribwndum.  8.  Watson.  (E. 
florib.midum^  Lehm.) — Little  Cottonwood  Caiion,  Utah,  June  21 ;  T^ton 
Mouiitaius,  elevation  10,000  feet,  July  24. 

Goldenia  Nuttalliij  Hook.  {Tiquilia  hrevifolia^  Nntt.  3ot.  Mex. 
Bound.,  136.) — Market  Lake,  Idaho,  July  15.    On  volcanic  sand. 

Myosotis  sylvaticaj  Hofi&n.,  var.  alpestriaj  Koch. — Along  the  Yellow- 
stone, July. 

HTDBOPHTLLACEjS. 

Hydrophyllum  capitatumy  Dough,  var.  alpinuniy  IS.  Watson. — T6ton 
Mountains,  elevation  10,000  feet,  July  24. 

Nenwphila  parvifloray  Dougl. — Along  the  Yellowstone,  July. 

Pluicelia  circinataj  Jacq. — Ogden  Canon,  Utah,  June  6 ;  Divide  be- 
tween Marsh  and  Malade  Valleys,  June  29;  along  the  Yellowstone,  ele- 
vation G,400  feet,  July ;  Trail  Creek  Monntains,  Wyoming,  September  14. 

Phavelia  MenzicKii,  Torr. — Near  Ogden,  Utah,  May  28 ;  Mystic  L«%ke, 
near  Fort  Ellis,  Montana,  July. 

Flmcelia  sericeaj  Gray. — Upper  T^ton  Canon,  July  28;  Eed  Moun^ 
tain,  elevation  9,600  feet,  September  11. 

Fhacelia  sericea^  Gray. — A  dwarf  alpine  form  was  found  on  the 
mountaius  around  Henry's  Lake,  Idaho,  August  9. 

Pkacelia  Ives^iana^  Torr.  (Ives's  Col.  Ex[^.,  Bot.  Eep.,  21.) — ^Twin 
Buttes  on  Henry's  Fork  of  onake  River,  July  16 ;  Market  Lake,  Idaho, 
OH  volcauic  sand. 

polemoniaoejb:. 

Phlox  canescenSj  T.  and  G. — ^T^ton  Mountains,  elevation  12,000  feet, 
July. 

Phlox  ccespitom^  Nutt.,  var.  rigida^  Gray.  (Near  P.  Doughmij  Hook.) 
— Malade  Valley,  Utah,  June ;  Trail-Creek  Mountains,  Wyoming,  Sep- 
tember. 

Phlox  cwspitosay  Nntt.,  var.  condensataj  Gray.  (Proc.  Am.  Acad.,  vol. 
viii,  p.  254.) — ^Trail  Creek  Mountiiins,  September. 

Phlox  longifoliaj  Nutt. — Yellowstone  Eiver,  July ;  Fall  River,  Idaho ; 
Market  Lake ;  Fort  Hall ;  several  forms  were  found.  Fort  ElUs,  Mon- 
tana. 

Phlox  longifoliay  Nutt.,  var.  brevi/oliaj  Gray. — ^Trail  Eiver  Mountains, 
September. 

Collomia  grandifloray  Dougl. — Near  Ogden,  Utah,  June. 

Collomia  liiteariSy  Nutt. — Near  Ogden,  Utah,  June;  foot-hills  of  the 
T6ton  Eauge,  July. 

Collomia  linearis^  Nutt.,  var.  subulatay  Gray. — Foot-hills  of  the  T(5ton 
Mountains,  August. 

Collomia  tenelldy  Gray. — Near  Ogden,  Utah,  June. 

Gilia  Unifiora^  Benth.,  var.,  pJiarnaceoideSy  Gray.  (Proc.  Am.  Acad., 
vol.  viii,  p.  263.) — Fort  Ellis,  Montana,  July. 

Gilia  pusilla^  Benth. — Fort  Ellis,  Montana,  July. 

Gilia  pungensj  Benth. — ^Plains  near  Ogden,  Utah^  Jan^. 

Gilia  pungens,  Benth.,  var.  squarroHa^  Gtra^. — IAo\i\r  ^}Ei^"^€^ss^'^y5i\^fc^ 
elevation  6,200  feety  September ;  Bnake  "Rivet  N«X\e>^  ^  ^vj^'S  • 
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Oflia  intertextay  Stend. — Foot-hills  of  the  T^ton  MonntaiDS,  August 

Gilia  Jloecosaj  Gray. — Snake  River  Valley,  July;  Market  Lake,  Idaho. 

Gilia  congestaj  Hook.,  var.  crebrifoliaj  Gray. — Snake  Biver  Valley, 
July  ;  Twin  Buttes  ou  Henry's  Fork  of  Snake  River. 

Gilia  aggregatttj  Spreng. — Kear  Ogden,  Utah,  Iday ;  Bear  Biver,  June- 
In  the  Teton  Basin  the  form  with  white  flowers  was  found. 

Gilia  leptomeria^  Gray. — Snake  River  Valley,  July. 

Polemonium  confertum,  Gray.— T^ton  Mountains,  elevation  12,000  feet, 
July;  mountains  on  Clark's  Fork,  Wyoming,  elevation  9,000  feet. 

Foleinoninm  cceruleumj  L. — Henry's  Fork  of  Snake  Biver,  August; 
Lower  Fire-Hole  Basin. 

Folemonium  cwruleum\  Jj.yyaT.  foliosissimumjQtSiy. — Yellowstone  Lake, 
August. 

CONVOLYULACKfi. 

Calystegia  aepiunij  L. — Malade  Valley,  Idaho,  June. 

Cuscuta ,(f ) — ^The  specimen  found  was  too  young  to  determine 

anything  as  to  its  species.  It  was  growing  on  -Oxyiropis  Lamberti, 
Henry's  Fork  of  Snake  River. 

SOLANAGE^. 

Solanum  triflorum^  Nutt. — Uintah  Mountains,  Wyoming,  August.  Dr. 
Joseph  Leidy, 
Nicotiana  attenuatay  Torr. — Market  Lake,  Idaho,  July. 

GENTIANAOE^. 

Gentiana  AinarelUiy  L. — Henry's  Lake,  Idaho,  August ;  Heart  Lake, 
Wyoming,  September. 

Gentiana  detonm,  Fries. — Henry's  Fork  of  Snake  River,  August.  This 
species  occurred  in  the  Fire-Hole  Basins  in  great  abundance,  but  with 
leaves  and  stems  so  black  as  to  be  scarcely  recognizable.  *'Tbe  pedun- 
cles are  shorter,  and  the  lobes  of  the  corolla  more  strongly  lacerate 
fringed  than  usual.  It  approaches  G.  crinita^  with  which  it  is  probably 
identical."    Professor  Porter. 

Gentiana  ajjinis^  Smith. — Teton  Basin,  August;  along  the  Yellowstone, 
elevation  0.400  feet;  Henry's  Fork  of  Snake  River,  August. 

Gentiana  simpleXj  Gray.  (Pac^if.  R.  R.  Rep.,  vol.  vi,  p.  87,  pi.  16.) — 
'*  It  accords  well  w  ith  th'3  description  and  figure,  except  that  the  leaves 
are  shorter  and  the  lobes  of  the  corolla  rounded,  very  obtuse,  and  occa- 
sionally furnished  at  the  base  with  a  few  small  teeth."  Professor  Porter. 
Henry's  Fork  of  Snake  River,  August. 

Gentiana  cahjcosa^  Griesb.,  (in  1).  C,  Prod.  9,  p.  115,  and  Hooker's  Fl. 
Bor.  Am.  2,  p.  48, 1. 140.)— Teton  Caiion,  10,000  feet  altitude.  <*  It  varies 
from  the  typical  form  in  its  shorter  calyx  and  calyx-lobes,  and  the  smooth 
edges  of  its  thinnish  leaves."    Professor  Porter. 

Frasera  specionaj  Dougl. — T6tou  Caiion,  July ;  Snake  River  Valley. 

tSicertia  perennis^  L. — Uintah  Mountains,  Wyoming,  August.  Dr. 
Joseph  Leidy, 

lle^perochiron  pumilics^  Porter.  ( Villarsia  pumilUj  Griesbach.) — Near 
Ogden,  Utah,  June. 

APOOYNACEJE. 

Apocynum  an(lro«(C»ii/b^um^  li. — Near  Ogden,  Utah,  June. 
Apocyn  urn  cannahmuif^^.--^\svS5t\s^i^s^ 
June. 
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ASOLEPIADAGE^. 

Asclepias  speciosaj  Torr. — ^Port  Ncaf  Oaiion,  Idaho,  Jaly ;  Snake  River 
Valley. 

Ace  rates  decnmbens^  Deeaisne. — ^Hot  springs  ten  miles  from  Ogden, 
Utah,  June. 

NYCTAGINAOB-a:. ' 

Ahronia  fragranSy  Nutt. — Foot-hills  near  Ogden,  Utah,  June.  Two  or 
three  species  of  Ahronia  were  collected  bat  unfortaoately  lost. 

OHENOPODIAOE^. 

Chenopodium  albumy  L. — ^Port  Neuf  Oafion,  Idaho,  Jnly ;  Twin  Buttes 
on  Henry's  Fork  of  Snake  Eiver.    Common  everywhere  on  the  route. 

Cheiiopodium  album,  L.,  var.  leptophyUumj  Moq. — Snake  Eiver  Yalle}', 
July. 

Chetiopodium  albumj  L.,  var.  "  Near  the  var.  integrifoliunij  Ledeb.'^ 
Professor  Porter. — Yellowstone  Lake,  August. 

Ckenopodiiun  hybridumj  L. — Henry's  Fork  of  Snake  Eiver,  July ;  Yel- 
lowstone Lake,  August. 

Blitnm  capitatum,  L. — Henry's  Fork  of  Snake  Eiver,  August }  T^ton 
Basin,  July. 

Blitum  polymorphum^  G.  E.  Meyer,  var.  Aumfe,  Moq.-^Near  Great  Salt 
Lake,  Utah,  June. 

MoHolepia  cJt^enopodioideSy  Moq.  {Blitwn  Nuttallianumj  E.  and  S.) — ^Tdton 
Basin,  July. 

Obione  canescenSj  Moq. — Great  Salt  Lake,  Utah,  June;  Blackfoot  Eiver, 
Idaho,  July  5  Port  Neuf  Gallon ;  Marsh  Valley. 

Ohione  Gonfertifolia^  Torr. — Great  Salt  Lake,  Utah,  June.* 

Obioiie  argenteay  Moq. — Great  Salt  Lake,  Utah,  June;  Snake  Eiver 
Valley,  July. 

Grayia  polygaloidesj  Hook,  and  Am. — Snake  Eiver  Plains,  July. 

Eurotia  lanata,  Moq. — Near  Great  Salt  Lake,  Utah,  June;  Snake 
Eiver  Plains,  July.  <^ Known  as  ^ white  sage'  and  ^winter  fat.'  Is 
valuable  for  fattening  stock."    Watson. 

Kockia  prostrataj  Shrad. — ^Near  Fort  Bridger,  Wyoming,  August.  Dr. 
Joseph  Lcidy. 

Salicornia  herbacea^  L. — Great  Salt  Lake,  Utah,  June ;  Lower  Fire-Hole 
Basin,  August. 

Halostacliys  occidentalism  S.  Watson,  (Olarence  King's  Sep.,  vol.  v,  p. 
293.)— Near  Great  Salt  Lake,  June. 

Sareobatus  vermiculaUMj  Torr.  (Frewontia  vermicularisj  Torr.  Frem. 
Eep.) — Black  Boittes,  Utah,  June.    Known  as  ^'  grease- wood." 

AHABAIfTAOB^. 

Amarantiis  albus^  L. — Snake  Eiver  Valley,  July.  "  Eemarkably  red 
for  the  species."    Professor  Porter. 

POLYOONAOKfi. 

Eriogonum  heracleoideSj  Nutt. — Near  Ogden^  Ut5v\v^5\s^\^\  ^vs^'^'<^^ 
Yellowstone,  elevation  6,200  feet,  August-,  9>Ti^>L^  ■^VN«t^1^S^<K^^^^^'^- 
Erhgonum  umbellatum^  Torr.— Sear  Ogdew,  \5Va^i.j  Swafc* 
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EHogonum  {Heterosepala)  ovalifolium^  Nutt. — ^NearOgden,  Utah,  May; 
Lower  Fire-Hole  Basiu,  August;  Snake  Eiver  Valley,  July. 

EHogonum  ovalifoliumy  Nutt.,  var.  tenuiSj  Benth. — ^Near  Bozeman, 
Montana,  elevation  6,400  feet,  July. 

Eriogonum  (Capitata)  Kingiij  T.  and  G. — Mountains  near  Henry's 
Lake,  Idaho,  August. 

Eriogonum  microthecum^  Nutt. — ^Port  Neuf  Canon,  Idaho,  July ;  Snake 
Eiver  Valley. 

Eriogonum  brevicauUy  Nutt. — ^Near  Fort  Bridger,  Wyoming,  August. 
Dr,  Joseph  Leidy. 

Eriogonum  cemuumj  Nutt.,  var.  tenuej  T.  and  G. — Snake  River  Valley, 
July. 

Eriogonum  flavumy  Nutt. — Snake  Eiver  Plains,  August ;  Lower  Fire- 
Hole  Basin. 

Eriogonum  salsuginosum^  Hook. — ^Port  Bridger,  Wyoming,  August, 
Dr.  Joseph  Leidy. 

Oxytheca  dendroidea^  Nutt. — Grows  in  great  abundance  in  Snake  River 
Valley,  July. 

Oxyria  digyna^  Gampd. — Near  Henry's  Lake,  Idaho,  August;  T^ton 
Mountains,  elevation  12,000  feet,  July;  Trail  Creek  Mountains,  Wj'o- 
ming,  September ;  common  on  all  the  mountain-tops  in  the  Snake  River 
region. 

Bumex  venosus^  Pursh. — Snake  River  Valley,  July  14  j  Black  Buttes, 
Utah,  June  16. 

Bumex  longi/oliusj  D.  C. — Near  Brigham  City,  Utah,  June  25. 

Bumex  salicifoliuSj  Weinm. — Near  Ogden,  Utah,  June  7;  T6ton  Basin, 
July  21. 

Bmnex  maritimtis,  L.-^-Henry's  Lake,  Idaho,  August  8. 

Bumex  (Acetosa)  patunfolius,  Nutt.— Snake  River  Valley,  August. 

Polygonum  avicuUbre^  L. — ^Near  Ogden,  Utah,  June;  Henry's  Lake, 
Idaho,  August  8. 

Polygonum  aviculare^  L.,  var.  latifoUum^  S.  Watson,  (CI.  King's  Rep., 
vol.  V,  p.  315.) — Siuike  River  Valley,  July. 

Polygonum  aviculare^  L.,  var.  erectum^  Roth. — Weber  River,  Utah, 
June  19. 

Polygonum  tenuej  Michx. — T^ton  Basin,  August  2 ;  Snake  River  Val- 
ley, July. 

Polygonum  tenue,  Michx.,  var.  latifoUumj  Engelm. — Snake  River  Val- 
ley, August. 

Polygonum  ampMhiumj  L. — Henry's  Fork  of  Snake  River,  August  5. 

Polygonum  amphibiumj  L.,  var.  aquaticum,  Willd. — Divide  between 
Marsh  and  Malade  Valleys,  June  29. 

Polygonum  amphibiuMj  L.,  var.  terrestre,  Willd. — Madison  Caiion, 
August  10;  near  Red  Mountain,  Wyoming,  September  12. 

Polygonum  Persicariaj  L. — Near  Brigham  City,  Utah,  June  25.  Very 
probably  introduced. 

Polygonum  viviparum,  L. — Fire- Hole  River,  August  10. 

Polygonum  Bistorta^  L.,  yav.ohlongf/olitimy  Meisn. — Upper  T^ton  Canon, 
July  28:  Henry's  Fork  of  Snake  River,  August;  Trail  Creek  Moun- 
tains, Wyoming,  September  13. 

Polygonum  Bistorta,  L.,  var.  linear  if oliii^n^  S.  Watson,  (CI.  King's  Rep., 
vol.  V,  p.  317.) — Mountains  near  Henry's  Lake,  Idaho,  August  9;  Red 
Mountain,  Wyoming,  elevation  10,000  feet,  September  11. 
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ELEAGNAGEiE:. 

Shepherdia  Canadensis^  Nutt. — Tetou  Basin,  July  21. 
Sfiepherdia  argentea^  Pursh. — Near  Fort  Bridger,  Wyoming,  August. 
Dr.  Joseph  Leidy. 

SANTALACE^. 

Commandra  pallida^  D.  C,  (Prodr,  14,  636.) — ^T^ton  Basin,  July  21. 

LOBANTHAOKS. 

i 

Areeuthobium  Americanum^  Nutt.,  in  Herb.  Durand.  Found  growing 
on  PlnuH  contorta, — Henry's  Fork  of  Snake  River,  August  6 ;  along  the 
Yellowstone.    (See  Oat.,  Hayden's  Rep.  for  1871.) 

CEEATOPnYLLACE-^. 

Ceratophyllum  demersuniy  L.  (!) — Henry's  Fork  of  Snake  River,  Au- 
gust 0. 

CALLITRICHACE^. 

Callitriclw  verna^  L. — Henry's  Fork  of  Snake  River,  August  6. 

EUPHOBBIACEJE. 

Eupliorhm  dictyosperma^  Fiscli.  and  Meyer. — Plains  near  Ogden,  Utah, 
fluue. 

Euphorbia  serpyllifoUa^  Pers. — Near  Ogden,  Utah,  June  16;  Lower 
I'ire  Hole  Basin,  August ;  Snake  River  Valley,  July. 

UBTICAOEiE. 

Urtica  graciliSj  Ait. — Weber  River,  Utah,  June. 
Urtica  dioica,  L.,  var.  occidentalism  S.  Watson.  (Clarence  King's  Rep., 
vol.  V,  p.  321.) — Foot-hills  of  the  T^ton  Mountains,  August. 
Parietaria  Pennsylvanica^  Muhl. — Blackfoot  River,  Idaho,  July. 

BETULACE.^. 

Betula  occidentalism  Hook. — Port  Neuf  Oaiion,  Idaho,  July. 
Betula  glandiilosa,  Miebx. — Upper  Gailon  of  the  Madison,  August 
Almis  incanaj  Willd. — ^T6tt)n  foot-hills,  July. 

SALIOACE^. 

Salix  longifoliaj  Muhl. — Henry's  Fork  of  Snake  River,  July ;  divide 
between  Marsh  and  Malade  Valleys,  Juno ;  foot-hills  of  T<Ston  Moun- 
tains, August. 

Saiix  nigray  Marsh,  var.  amygdaloides^  Anders. — Plains  near  Ogden, 
Utah,  June;  Port  Neuf  Canon,  Idaho,  July;  T6ton  Basin. 

Salix  cordutaj  Mubl. — Near  Ogden,  Utah,  June. 

SaJix  cordataj  Muhl.,  var.  augustatam  Anders. — Snake  River  Valley, 
August. 

Salix  Barrattiana,  Hook. — "  With  ovaries  Tife»,\\^  «aiW5l^V  ^\LQ'lsiS»sst^ 
Porter.    Along  streams  in  Teton  Baaiu,  Ju\y. 
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Salix  glaucaj  L. — Swamp  on  He.nry's  Fork  of  Snake  Biver,  August ; 
Upper  Caiion  of  the  Madison. 

Salix  glaucaj  L.,  var.  pullatOj,  Anders. — Upper  T^ton  Cimony  July ; 
Bed  Mountain,  Wyoming,  September. 

Salix  arctica^  B.  Br. — Snake  Biver  Valley,  August;  T6ton  Mountains, 
elevation  12,000  feet,  July. 

Salix  arcticaj  B.  Br.,  var.  JBroimtt,  Anders. — ^T^ton  Mountains,  eleva- 
tion 12,000  feet,  July. 

Salix  reticulata,  L. — ^T4ton  Mountains,  elevation  12,000  feet,  July ; 
mountains  near  Ogden,  Utah,  elevation  10,000  feet,  June. 

Populus  tremul^desj  Michx. — ^T6ton  £oot-hills.  Common  everywhere 
in  the  West  on  foot-hills  and  following  the  courses  of  streams.  It  is 
known  as  ^^quaking  asp." 

Fopulus  halsamiferaj  L.,  var.  angustifoliOj  S.  Watson,  (P.  angusiifoliay) 
James. — Along  the  streams  of  the  T^ton  Basin,  July  2i2 ;  common  every- 
where in  the  Northwest,  in  the  lower  altitudes ;  known  as  ^^  bitter  Cot- 
tonwood." 

GONIFESiB* 

Pinus  oontortaj  Dougl. — ^Henry's  Lake,  Idaho,  on  mountains,  Au- 
gust 5. 

Pinus  contortaj  Dougl.,  var.  latifoliaj  Engelm.  {Bed  Pine.) — Mount- 
aius  along  Henry's  Fork  of  Snake  Biver,  August  5;  Lower  Fire-Hole 
Basin,  August. 

Pinus  ponderosa^  Dougl.  {Telhw  Pine.) — ^T^ton  Bange,  elevation 
6-8,000  feet,  July  22. 

Pinus  JlexiliSj  James. — ^Mountains  near  Henry's  Lake,  August  9 ; 
T6ton  Mountains,  elevation  7-11,000  feet,  July  24. 

Abies  Engelmannij  Parry.  ( Whi*£  Pine.) — ^T6ton  Mountains,  elevation 
7-9,000  feet,  July  24. 

AhicH  Menzie^sH,  Lindl.  (Balsam.) — Grand  Caiion  of  the  Yellowstone, 
elevation  7-8,000  feet,  August  22. 

Abie.s  ainabiliSj  Forbes.(!) — T^ton  Bange,  elevation  8-10,000  feet, 
July  20. 

ft.  

Abies  grandis,  Lindl.  ( White  Spruce.) — Mountains  near  Ogden,  Utah, 
elevation  7-9,000,  June  13;  Trail  River  Mountains,  Wyoming,  ele- 
vation (h-9,000  feet,  September  13. 

Abie^  Doiighmi,  Lindl.  (Sicamp  Pine,) — Mountains  near  Ogden,  Utah, 
elevation  7-9,000  feet,  June  8 ;  T6ton  Mountains,,  elevation  7-10,000 
feet,  July  24. 

fJunipencs  communis^  L.,  var.  alpina,  L. — Mountains  near  Ogden,  Utah, 
June  11,  elevation  9-10,000  feet;  Lower  Fire- Hole  Basin,  August. 

Juniper  us  Virginia  na^  L.  {Red  Cedar,) — Mountains  along  Henry's 
Fork  of  Snake  River,  G-7,000  feet  altitude. 

Junipcrus  occidentalis,  Uook. — Mountains  near  Ogden.  Utali,  elevation 
5-7,000  feet,  Juno  8;  Teton  Mountains,  elevation  7-10,000  feet,  July  24. 

lemnace/t:. 

Lemna  trisulcaj  L. — Common  in  the  waters  of  Henry's  Fork  of  Snake 
River,  August ;  it  also  occurs  in  great  abundance  upon  the  small 
streams  in  the  two  Geyser  Basins. 

Lemna  polgrrhiza,  L. — In  the  waters  of  Henry's  Fork  of  Snake  River, 
August ;  Jackson's  Lake,  September. 
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TYPHAGEiB. 

J^pha  latifoliOf  L. — Soake  River  Valley,  July ;  in  swamps  near  Fort 
Hall,  Idaho,  in  great  abaudaiice. 

Sparganium  simplexy  Huds.,  var.  androcladunif  Engelm. — ^Weber  Biver, 
Utah,  Jane. 

NAIADAGEJB. 

ZannicheUia  palustriSj  L. — Yellowstone  Lake,  1871. 
Potamogeton  perfolMtuSj  L.,  var.  laficeolatuSy  JEU>bbius. — Henry's  Fork 
of  Snake  Kiver,  August  6. 
Potamogeton  pectinatuSj  L. — Upper  Oeyser  Basin,  August. 

ALISMAGEJB. 

TrigUckin  palustre^  L. — ^Hot  Springs,  ten  miles  from  Ogdon,  Utah, 
June  24. 

Tr^lochin  maritimumj  L. — Swamps  near  Ogden,  Utah,  June  18;  Ujjper 
Gallon  of  the  Madison,  August  10;  Yellowstone  Lake,  August  23. 

Sagittaria  varmhilis,  Engelm. — Near  Ogden,  Utah,  June  16;  Henry's 
Fork  of  Snake  Biver,  August 

Sagittaria  varioMlis.  Engelm.,  var.  haatata,  Gray. — Divide  between 
Marsh  and  Malade  Valleys,  June  29. 

Sagittaria  variabHi8f  Engelm.,  var.  diversifoliaj  Gray. — Weber  Biver, 
Utah,  June  19. 

ORGHIDAGE^. 

Habenaria  hyperhorea^  B.  Br. — Swamps  near  Ogden,  Utah,  Juno  7 ; 
Upper  T6ton  Caiion,  J*ly  28. 

Aahenaria  dilatata,  Gray. — Swamps  near  Ogden,  Utah,  June;  Henry's 
Fork  of  Snake  Biver,  August;  T6ton  Biver,  July.  Common  along 
almost  all  the  streams  in  the  West. 

Habenaria  fcetida^  S.  Watson,  {Platanthera^  Q^^yO — ^Wooded  Caiion  of 
T6ton  Biver,  July. 

Spiranthes  Romanzoffiana^  Cham. — Snake  Biver  Valley,  July ;  Tdton 
foot-hills,  August;  Fire-Hole  Basin;  Shoshone  Lake,  September;  Jack- 
son's Lake.    Common  almost  anywhere  along  the  route. 

Ooodyera  Menziesii^  Ijindl. — East  cailons  of  T^ton  Bange,  September. 

JBpipactis  gigantea^  Dougl. — Swamps  near  Ogden,  Utah,  June. 

Corallorhiza  multiflora^  Nutt. — Shoshone  Lake,  Wyoming,  September. 

IRIBAGEJE. 

Iris  tenaxj  Bougl. — T6ton  Basin,  July. 

SiJtyrinchium  Bermudiaiia,  L, — Malade  Valley,  Idaho,  June;  Henry's 
Fork  of  Snake  Biver,  August. 

LILIAGE^. 

Zygadenus  glaucm.  Nutt. — Upper  Caiion  of  the  Madison,  August;  T^- 
ton  Canon,  July;  Triiil  Creek  Mountains,  Wyoming,  elevation  10^000  feet^ 
September. 
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XtTffpk^iiUm  Utmlx.  DocigL— IVirt  EHu.  Mfiataaa. to  de  T«&(y«^fltte. 

iV'sr^rMi'tt  ^zf^/vm.  I Foot-hOls  of  theTetottMomtM»%  AaCTSg;  ffvuip 

wrs^T  0<L*W:.,  Utah.  <lane. 

ProMrfe^  tra^rk^^rpa^  3.  WatiWfi^ — Motnitaiiw  iwflr  Ogdes.  Utah. 
Jaa^:  OallariD  ^laTion,  September. 

Str^ftop*t4  ampltxifo^iHJK,  D.  C. — ^Uppcr  T^OQ  Ca&oit.  Jwlr  35- 

ffmil/iciML  rao^moia.  Dest.  Tar.  nt/lenemlit.  Sl  WataoB^ — ^WaterfiJl 
iy^iMm  u«riit  Ogd^D.  Utah.  Jane  4:  TiEton  Baeiii.  JoIt  2L 

HmUorlna  liUll/ifa.  Ue^ — ^Near  Ogden,  Utah*  Hay  ^1 :  Teton  Mooat- 
aiuJi.  eievation  lOll.OOfi  f«et.  Joly  fM:. 

FritWaria  atropHrpunta.  Xatt. — MountaiDS  Dear  Ogdea.  Utah,  dera- 
tiou  9,Mi^>  f(^u  JaDe  4.    lu  fmit. 

FritWarla  pudica.  Spreog. — ^Mountain.*  near  Ogden.  Utah,  etevadoa 
9,0fj0  fMrt.  June  4 :  ^loaotains  along  Clark's  Fork.  Wtobui^  eieratiCNi 
O.WjO  feet. 

CaU^dufrtwt  yuttaUii.  T.  and  G.— Near  Ogden.  Utah.  Mav  31;  Snake 
River  PlaiD^  July:  Henry'-s  Fork  of  Snake  SiTer,  Jolj  17.  ^The 
*  Sei^o'  of  the  Ute«  and  Monnon.<«.^    Wataoo. 

Calockz/rtun  eurycarpus,  S.  Watson.  (CI.  King's  Bep.,  toL  t,  p.  348LW— 
Uenn'is  Fork  of  Snake  Biver,  Angnst  5;  diflfers  Tery  slightly  from 
C\  yuttailiij  and  the  two  are- indistingnbhable  except  in  mamre  oraries. 

LU/ydia  nerotina^  Beicb^ — ^Teton  Moan  tains,  elevation  ll^dODfiseCf  July; 
Moantains  along  Clark's  Fork,  Wyoming,  elevation  9.000  feet. 

Eryihronium  grandiflorumj  Porsh. — Mountains  near  Ogden,  Utah^ 
elevation  9/XX)  feet,  June. 

CamuMnia  ewuienta^  LindL — Henry^s  Fork  of  Snake  Biver,  July.  The 
^^Carnmas'^of  the  Bann^K-k  Indians.  This  siieeies.  as  well  as  Jfi7/ii 
(jrnn^llflota,  avit  both  known  to  the  Indians  as  "Cam mas,"  the  former 
*'Oreen  CawimJis,"  the  latter  -•Blue  Cammas,"  fn>m  the  c«»lor  of  the 
bhw^oiij  >.  Th«f  former  is  the  one  u.se<l  for  food,  while  the  latter  is  care- 
fully avoide^l  as  l>*'in;^  poisonous,  although  a  large  quantity  most  l^e 
eaten  In-iore  anv  seiious  etiV-et  can  l>e  noticed. 

«  

MWa  (jrn ndiflora^  Baker.  ( Tritdeia  grandiHora^  Lindl.) — Ogden  Canon, 
L'tali.  .Inn*-:  Teton  Canon,  Julv. 

Allium  breriiftylumn  8.  Watson.  (Clarence  King's  Rei>.,  vol.  v.  p. 
.'iiO.y — l'ii])er  Teton  Canon,  July. 

Allium  hinceptrum,  S.  Watson,  (loc.  cit.,  p.  351.  pi.  xxxvii.) — Ogdeu 
Canon,  f'tali.  June. 

Allium  Htillatumj  Fraser. — Snake  River  Valley,  July. 

Allium  acuminatum^  H(x>k. — Teton  Basin,  July. 

Allium  Sr/ir/noprasumj  L. — Near  Ogden,  Utali,  June;  Henry's  I^ke, 
Idaho,  Augu.st. 

JUNCACE.E. 

JuncuH  BalticuH,  Detli.,  var.  montanuH^  Engelm. — Teton  Caiion,  July. 
JuncuH  tenuiif,  Willd. — Fire-Hole  Basin,  August. 
JuncuH  hufoniuMj  L. — Henry's  Fork  of  Snake  River,  July. 
JuncuH  lonfjistyliis^  Torr. — Henry's  Fork  of  Snake  River,  July. 
JuncMH  MertenfiianuH,  Bong. — Uintah  Mountains,  Wyoming,  August. 
JJn  JoMf^ph  Jjeidij, 
JuncuH  xiphioidtH^  Y^,  ^lv?\'Vii,— -XOilXq^^Vwi^  V^\s^^^  August. 
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GYFERAGE^. 

Determined  by  S.  T.  Olney,  Esq. 

Cyperus  inflexua^  Mulil. — ^Near  Ogden,  Utah,  Jane  16. 

t^rpus  validuSj  Vabl. — Ogden  Cauon,  Utah,  June  8. 

Soirpus  mierocarptLSy  PresL— Swamp  near  Ogden,  Utah,  June  18. 

Scirpm  atrovirens,  Muhl. — Henry's  Fork  of  Snake  River,  July  16. 

Carex  scirpoideaj  Micbx. — Swamps  near  Ogden,  Utab,  June  18. 

Carex  distichaj  Hudson. — Swamps  near  Ogden,  Utah,  June  16. 

Carex  Douglasiij  Boott. — ^Male.  Divide  between  Marsh  and  Malade 
Valleys,  June  29. 

Carex  leporina,  L. — Red  Mountain,  elevation  10,000  feet,  September 
11 ;  T6ton  Mountains,  elevation  12,000  feet,  July  29. 

Carex  f estiva,  Dewey. — Mountains  near  Ogden,  Utab,  elevation  9^000 
feet,  June ;  Twin  Buttes,  on  Henry's  Fork  of  Snake  River,  Jcily  16 ; 
Fall  River,  Idaho,  July  20;  Wooded  Caiion,  T6ton  River,  July  23 ;,  T^tou 
Basin,  August  2 ;  Mountains  near  Henry's  Lake,  Idaho,  August  9. 

Carex  vulgaris,  Fries.,  var.  (f ) — Growing  in  the  spray  of  the  Lower 
Falls  of  the  Yellowstone,  August  22. 

Carex  Jamesii,  Torr. — Swamps  near  Ogden,  Utah,  June. 

Carex  Janiesii,  Torr.,  var.  Nebrashermsj  Olney,  ( C.  yehraskensisj  Dewey,). 
(Clarence  King's  Rep.,  vol.  v,  p.  368.) — Malade  Valley,  Utah,  June. 

Carex  Uwiniataj  Boott. — ^Intermediate  between  the  type  and  C.  JatnesiL 
CaUibruia  specimens  have  rougher,  longer^  and  more  hispid  awns  to  the 
scales.    Swamps  near  Ogden,  Utah,  June. 

Carex  rigida.  Good. — ^Terminal  spikes — male.  Red  Mountain,  Wyo- 
ming, elevation  10,000  feet,  September. 

Carex  aurea,  Nutt.— rHenry's  Fork  of  Snake  River,  July;.  T6ton  Basin, 
Fire- Hole  River,  August ;  Mountains  along  the  Yellowstone. 

Carex  atraiaj  L. — T6ton  Mountains,  elevation  10,000  feet,  July. 

Carex  alpinuy  Swartz. — Uintah  Mountains,  Wyoming,  August.  Dr. 
Joseph  Leidy. 

Carex  nigra^  All.,  (0.  atrata^  var.  nigra^  Boott) — ^T6ton  Mountains,  ele- 
vation 11,000  feet,  July. 

Carex  Raynoldsii,  Dewey,  (0.  Lyalliij  Boott.) — ^T6ton  Mountains,  ele- 
vation 10,000  feet,  July. 

Carex  capillariSj  L. — Uintah  Mountains,  Wyoming,  August.  Dr.  Joseph 
Leidy. 

Calex  utriculata,  Boott.,  var.  glohosaj  Olney. — From  the  Lower  Falls  of 
the  Yellowstone  to  Yellowstone  Lake,  August. 

Carex  vesicaria,  L. — Wooded  Caiion  of  T^ton  River,  July. 

Carex  stellulatay  L. — Swamps  near  Ogden,  Utah,  June. 

Carex ,  (f) — ^Too  young  for  determination.    T6ton  Basin,  July. 

Carex ,  (f ) — ^Too  young  for  determination. '  Henry's  Fork  of 

Snake  River,  July. 

Determined  by  Dr.  Geo.  Vasey. 

Alopecurus  glatieuSj  L.  (I) — T^ton  foot-hills,  August;  Snake  River 
Valley,  July. 

Phleum  alpinum,  L. — Weber  River,  Utah,  June ;  Upper  T4tci^C*«^<5i^^ 
July ;  Grand  Caiion  of  the  Yellowstone,  Axxgvi^t). 

Vilfa  cryptandra^  Torr. — Snake  River  YaWe^,  JxxV^- 

50   Or   B 
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Tilfa  airoides,  Triu. — Great  Salt  Lake>  Jane;  hot  springs,  ten  miles 
from  Ogden,  Utah  ;  Marsh  Valley,  Idaho. 

Vil/a  asi)erifoUa^  Nees.  and  Meyer. — Port  Neuf  Valley,  Idaho,  July ; 
common  in  both  Geyser  Basins,  August ;  Twin  Buttes  on  Henry's  Fork 
of  Snake  Kiver. 

Vilfa  depauperataj  Ton*. — Blackfoot River, Idaho,  July;  Henry's  Fork 
of  Snake  River ;  LTpiyer  Geyser  Basin,  Angnst. 

Agrostis  perennans^  Gr. — Lower  Geyser  Basin,  August. 

Agro8tis  seabra^  Willd. — Snake  River  Valley,  July;  Lower  Geyser 
Basin,  August ;  Jackson's  Lake,  September. 

Agrostiat  cxarata^  Trin. — Teton  Mountains,  elevation  10,000  feet,  July. 

Agrostifs  canina^  L.,  var.  alpina,  Oakes. — Growing  in  the  spray  of  the 
Grand  Falls  of  the  Yellowstone,  August. 

Olnna  arundinacea,  L. — Union  Pass,  Gallatin  River,  September. 

VaJicya  comata^  Thurber. — Upper  Geyser  Basin,  August. 

Calanrngrosti^f  Canadensis^  Beiiuv. — Henry's  Fork  of  Snake  River, 
July  ;  Teton  foot-hills,  August. 

Calamagrostis  LangsdorffiU  Trin. — Henry's  Fork  of  Snake  River,  July. 

Calamagrostis  strictOy  Trin. — Uintah  Mountains,  Wyoming,  Angast, 
1872,  Br.  Joseph  Leidy  ;  Teton  Basin,  August ;  Henry's  Fork  of  Snake 
River,  July. 

Calamagrostis  sylvatica,  I).  C. — Kton  Basin,  July;  Henry's  Lake, 
Idaho;  August;  Teton  Range. 

Eriocoma  cttspidata^  Xutt. — Plains  near  Ogden,  Utah,  June  ;  Snake 
River  Valley,  July ;  Upper  Canon  of  the  Madison,  August.  A  valua- 
ble "  bunch-grass." 

Stipa  spartea,  Trin. — Near  Brigham  City,  Utah,  June;  Fort  Hall, 
Idaho,  July. 

Stipa  comataj  Triii. — Snake  River  Plains,  July. 

Stipa  virUJuIa^  Trin. — Henry's  Fork  of  Snake  Uiver,  July. 

Moutcloua  oligostacJn/a^Torr, — Union  Pass,  Gallatin  River,  September. 

Spartina  gravUi%  Trin. — Snake  River  Valley,  July ;  found  in  both 
Gevser  Basins,  August. 

Kichria  cristata^  Pers. — Plains  near  Ogden,  Utah,  June ;  Marsh 
Valley,  Idaho ;  Teton  foot-hills,  July  ;  Upper  Canon  of  the  Madison, 
August. 

Eafonia  obtnmta,  Gray. — Port  Xeuf  Canon,  Idaho,  July. 

McUca  hulhoHa^  Geyer.  (Gray,  in  l*roc.  Am.  Acad.,  May,  1872.)  The 
M.  jwwoldcH  of  Wiii[)ple/s  Rep.  and  Bolander,  but  not  of  Nuttall. — ^ear 
Og<len,  Utah,  June;  Snake  River  Valley,  July  ;  Ui)per  Teton  Caiion. 

Melica  strlcta,,  Boland. — Ked  Mountain,  elevation  10,0(10  feet,  Septem- 
ber. 

Gli/v-eria  ncrvata,  Trim. — Port  Xeuf  Valley,  Idaho,  July;  Shoshone 
Lake,  September. 

Gli/ceria  paucljhra^  Presl. — Snake  River  Valley,  July. 

Ohjccria  dlstans,  Wahl. — Upper  Geyser  Basin,  August. 

Brizopyrum  splcatum,  Hook. — Great  Salt  Lake,  June;  hot  springs, 
ten  miles  from  Ogden,  Utah ;  Snake  River  Valley,  July. 

Foa  alpina,  L. — Teton  Range,  elevation  10,000  feet,  »Tuly. 

Foa  Eatonij  S.  Watson. — NearGreiit  Salt  Lake,  Utah,  June. 

Foa  Kingii,  S.  Watson. — Near  Great  Salt  Lake,  Utah,  June ;  Teton 
Range. 

Foa  tainifolia,  Nutt. — Uintah  Mountains,  Wyoming,  August,  1872. 
Dr  Joseph  Leidy. 

Atropis  (Ja\ifoY)\mK.^'Vi.'^»xcz^.--^i^\^^'^^  June. 

Festuca  feuclla,  WVM.— V\!a.m'&  w'^x  ^^\i^\v.^\^Viij\\^^>\\v^, 
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Festuca  mverosia/chysj  !Nntt. — ^PlaiDS  near  Ogden,  Utah,  June. 

Bromus  hremaristaiiis^  Thxivh&v^  {%)  {Ceratockloaj  Hook.) — ^Marsli  Val- 
ley, Idaho,  Jaue;  T6ton  BasiD,  July. 

Bromus  eiliatusj  L. — Upper  Caiion  of  tbe  Madison,  Angast. 

Phragmites  communiSj  L. — Port  Kent*  Valley,  Idaho,  July. 

TrUicum  repenSy  L. — Port  Neuf  Caiiou,  Idaho,  July;  Snake  liiver 
Valley.  It  is  known  as  "  blue-joint,"  and  is  valuable  for  hay  and  graz- 
ing.   Pound  also  in  the  Upper  Geyser  Basin,  August. 

Tritiaim  caninumy  L. — Upper  Geyser  Basin,  August. 

Triticum  strigosumj  Steud.,  (BromiM^  Bieb.,  T»  cegilopoideSj  Turcz.) — 
Teton  Basin,  July. 

Triticum  glaucuniy  Desf.  (?) — Port  Neuf  Valley,  Idaho,  July;  Snake 
River  Valley. 

Hordeum  pusilluiHy  Nutt — Marsh  Valley,  Idaho,  July ;  Snake  River 
Valley;  Teton  foot-hills,  August. 

Hordeum  juhatum^  L. — Ogdeu  Caiion,  Utah,  June ;  Snake  River  Val- 
ley, July. 

Hordeum  juhatum^  L.  var. — ^Peculiar  to  the  Upper  Geyser  Basin. 

Elymus  mollis,  Triu. — Henry's  Fork  of  Snake  River,  July. 

Elymus  comlensatus,  Presl. — Fort  Hall,  Idaho,  July;  Teton  Basin; 
Snake  River  Valley;  Blackfoot  River. 

Elymus  Sitaniotiy  t^chult,  (Sitanion  elymoides^  Raf.,  and  Polyantherix 
Hystrixy  Nees.) — Great  Salt  Lake,  Utah,  June;  Henry's  Lake,  Idaho, 
August;  Lowei-  Geyser  Basin,  September. 

Elymus  Sibiricus,  L. — Henry's  Fork  of  Snake  River,  July;  Upper 
Geyser  Basin,  August. 

Danthonia  GaUfornica,  Boland. — Henry's  Fork  of  Snake  River,  July ; 
T^ton  foothills,  August. 

Trisetum  subspicatumj  Beaud. — Trail  River  Mountains,  elevation 
K),000  feet,  September. 

Trisetum  subsplcatmny  Beaud.,  var.  7nuticum. — Teton  Gallon,  July. 

Trisetum  subspicatum,  Beaud.,  var.  molle,  Uintah  Mountains,  Wyoming, 
August,  1872.    Dr.  Joseph^eidy. 

Airaflexuosa^  L. — Hot  springs  ten  miles  from  Ogden,  Utah,  June. 

Aira  ccespitosa,  L. — Fire-Hole  River,  August. 

Phalaris  arundinacea,  L. — Marsh  Valley,  Idaho,  June ;  Snake  Riyer 
Valley,  July;  Upper  Caiiou  of  the  Madison,  August.  "Known  as 
'crazy  grass,'  from  its  reputed  injurious  effect  upon  horses."     Watson. 

Panicum  capillare,  L. —Yellowstone  Lake,  August;  very  common  in 
both  Geyser  Basins. 

EQUISETAOEJE. 

Equisetum  arvense,  L. — Ogden  Canon,  Utah,  June. 
Equisetum  hyemale,  L. — Henry's  Fork  of  Snake  River,  July. 
EquiHetum  pratense^  Ehr. — Henry's  Fork  of  Snake  River,  July. 
Eipiisetum  varicgatum^  Schleicher. — Low^er  Fire- Hole  Basin,  August. 
Equisetum  scirpoides,  Michx. — Snake  River  Valley,  July. 

FILICES. 

Pteris  aquilinaj  L.  —  Shoshone  Lake,  September;  Upper  Geyser 
Basin,  August. 

Pellcca  Breweri,  D.  C.  Eaton. — Mountains  near  Ogden^  Utah.^  3^\\fc»\ 
T6ton  Range,  July. 

Fellan  densa^  lilQo]si. — Jackson's  Lake,  Se\>t/^\nL\^t^. 


788  OEOLOUICAL  KUK^nCY   OF  THE  TESRITOBIE8. 

CryptagramiRe  acronUehaUtea,  E.  Br.— New  Geyeer  Basin  oo  3boii 
Luke,  Scittcuilier  0. 

AnpiiiUim  iMnchitM,  Swartz. — Upi»er  TiitoaCftuou,  July  28. 

Aiipulixim  uptHUloeiim,  awarti, — EastiMU  caitons  of  tlie  Tl-U>a  Rut 
S  (;{)  tern  lie  r. 

C'yMopteria  frmiUia,  BautU.— TL^toii  Itange;  ftlong  Snake  River. 

liolrgchiiim  lunarioi^en,  Swartz.,  var.  obliquum,  Gray. — Cominuiiin  b 
(.ieyaer  UAnitiH,  Angiiiit. 

\yoodam  ncopuUtui,  D.  U.  Katun. — Lower  Falls  of  tbe  Yellowslo 
August;  iia«teiu  (auiiHs  of  tlrn  T«toii  RtitiKC,  September. 

^Voodsia  (fret/aua,  I).  O.  Katun. — Muuutains  near  Ogden,  Utah,  Jil 


LYCOPODIACK^.  ' 

St'lrtf/incUa  rupcstris,  Bprttrie, — Coiiimwu  everywhere  on  tbe  rotiHLi 

HYDROPTE  BIDES.  ' 

ilarnilia  retlita,  Hook,  and  Grev.  — In  tlic  water  of  Heiirj-'u  Pof) 
Snake  Hlver,  July  18. 

diara /lagiliii f  DeBv.,: 
2fit«lla ,  (!)  Spec 


\  Determined  by  Leo  Lesqnereus,  Esq. 

Sphagnum  acuti/oUum,  Ehrb. — Sliosbone  Luke,  Septembei'. 

IHcranum  interruptuin,  Bryol.  Eur. — Upper  T6ton  Canon,  July  24. 

Bicianuni  icoparium,  Hedw.,  {Bryol.  Eur.) — Upper  Tetoa  Cafi 
July  24. 

Ceralodon  purpureus,  Brid. — Ti^tou  Ca&on,  July;  Snake  Kiver,  S 
tember ;  Fort  Ilall,  Idaho,  October. 

Encaigpta  vulgaris,  Hedw, — Near  Fort  Hall,  Idaho,  July. 

Grimmia  [Schistidium)  con/erta,  Funk. — Near  Fort  Hall,  Idaho;  ^ 
lowstono  Valley,  August. 

Orimmia  Scouleri,  Miill. — Yellowstone  Valley,  Aiiyuat. 

Grimmia  calgptrata.  Hook. — Fort  Hall,  Idaho,  July. 

Rncomitriitm  fasciculare^  Brid. — Hot  spriugs  near  Ogdou,  Ut.ih.  Ju 
Henry's  Fork  of  Snake  Biver,  July  ;  Jackson's  Lake,  September. 

Ka'comitrium  fasciculare,  Brid.,  var. — T^tou  Caiiou,  J;Jy  UU, 

Sacomitrium  lanuginosum,  Brid. — Upper  Teton  Caiion,  jnly  :;0. 

Hcdwigia  ciliaUt,  Elirb. — Shoshone  Lake,  September. 

Bnrtramia  /ontana,  Brid. — Eot  springs  near  Ogden,  Utah,  Jb 
Fort  Hall,  Idaho;  Tetou  Canon,  July;  Fire  Hole  Basin jTellowsl 
Valley,  August;  Jackson's  Lake,  September;  Snake  Kiver  Cai 
October. 

Barlr'ainia  fonfana,  Brid.,  var. — Tuton  Cftuon,  July  24. 

Brgum  ^>i/ri/orinc,  Hedw. — Tellowstono  Lake,  Augast  23. 

Brgitm  tntcrmedium,  Brid. — Tetou  Caiiou,  July  24;  First  Cano 
the  Gnllatiu ;  Jackson's  Lake,  September. 

Brytim  bimnm,  Schrcl). — First  Caiiou  of  the  GsUaCin,  aterile:  ] 
Hall,  ItValio,  Jv\\>-. 
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Bryum  pae^tdo-triquetrumj  Bryol.  Eur. — Shoshone  Lake,  September. 

Bryum  turMnatuviy  Iledw. — Upper  T(3ton  Caiion,  July  26. 

Bnjum  inclinatum,  Hedw. — Upper  Tipton  Caiion,  July  20. 

Bryum ,  (f )  undeterminable,  no  fruit. — Teton  Canon,  July. 

Bryum ,  (f )  undeterminable,  no  fruit. — Teton  Basin,  August. 

Bryum ,  (i)  undeterminable. — Teton  Range:  elevation  10,000  feet, 

July  24, 

Bryum ,  (?)  undeterminable,  no  fruit. — Teton  Caiion,  July  20. 

Bryum ,  (!)  no  fruit. — ^Yellowstone  Valley,  August  23. 

Bryum ,  (f )  undeterminable,  no  fruit.— Jackson's  Lake,  Septem- 
ber. 

Bryum ,  (?)  undeterminable,  nofruit.—^Lower  Fire-Hole  Basin,  Au- 
gust. 

Mnium  punctatum,  Hedw. — Near  Fort  Hall,  Idaho,  July. 

Mnium  cuspidatum^  Hedw. — Shoshone  Lake,  September. 

Mnium  affincy  Bland. — Upper  Teton  Canon,  July  20. 

^fnmm ,  (?)  undeterminable. — ^T6ton  Canon,  July  24. 

Auiacomnion  2>fil^^trey  Schwxgr. — Tipton  Caiion,  July  24;  Shoshone 
Lake,  September. 

Timmia  megapoUtnna,  Hedw. — ^Fort  Hall,  Idaho,  Jul}^':  T^tou  Caiion, 
July  24. 

Polytrichiumjunipfrinumj  Hedw. — Fort  Hall,  Idaho,  July  5. 

Fontinfdw  antipyreUca^  L. — ^Henry's  Fork  of  Snake  Kiver,  July  10. 

Diehelymafalmtumj  Myrin. — Snake  River  Vallej',  July  15. 

Camptotliecium  Neradensej  Lesqx. — First  Caiion  of  the  Gallatin,  Sep- 
tember 18. 

CUmachun  dendroideSj  Web.  and  Mohr. — Upper  Canon  of  the  Madison, 
August. 

Uypnum  triquetrum^  L.  (HyJocomium  triquetrumj  Bryol.  Eur.) — Teton 
Canon,  July  24;  First  Canon  of  the  Gallatin,  September  18. 

Uypnum  aphndeiis^  Hedw.  {Hylocomium  splendem^  Bryol.  Eur.) — First 
Caiion  of  the  Gallatin,  September  18. 

Hypuum  giganteumj  Schknp. — Upper  Teton  Caiion,  July  20. 

Hypnum  uncinatumj  Hedw. — Teton  Canon,  July  24  :  Yellowstone  Val- 
ley, August  23;  First  Canon  of  the  Gallatin,  September  18. 

Hyptium  fluitanSj  L. — Jackson's  Lake,  September. 

Uypnum  aduncum,  Hedw. — Yellowstone  Lake,  August  23. 

Hypnum  salehrosumj  Hoffm.,  (Brachythecium  salebrosumj  Bryol.  Eur.) — 
Ui)per  T6ton  Canon,  July  20. 

Hypnum  Icvtvm,  Brid. — ^Yellowstone  Valley,  August  23. 

Hypnum  rivulare,  Bruch.,  {Brachythecium  rivulare,  Bryol.  Eur.) — Upper 
T^ton  Canon,  July  20. 

Hypnum  NiittaUiij  Wils.,  (LesJcea  Californica,  Hampe  in  Lin(ea,  1859, 
p.  400.) — T^ton  Canon,  July  24 ;  First  Caiion  of  the  Gallatin,  Septem- 
ber, 18. 

Hypnum  riparium,  L.,  {Amhlystegitim  riparium^  Bryol.  Eur.) — Yellow- 
stone Valley,  August  23;  Fire-Hole  Basin,  September. 

H^ipnum  riparium^  L.,  var. — Snake  Kiver  Valley,  July. 

Hypnum  filicinum^  L. — First  Caiion  of  the  Gallatin,  September  18. 

Hypnum  irrigunmy  Wils.,  var.  fallux,  Brid. — Near  Fort  Hall,  Idaho, 
July  5. 

HEPATIC^. 

Riccia  cryatallina^  L. — Teton  Caiion,  July  20. 

Marchantia  jyolymorpha,  L.— Henry's  Fork  of  Snake  River,  Jul^v 
Shoshone  Lake,  September  0. 
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Ftyaleila  mnica,  Coniii,- 
Bulu  Ba^iii,  Augast. 


-Upper  T^tou  Cafion,  July  28;  Ijow« 


I 


Di^tciinincd  by  Ut-ury  Willey,  Esq. 

|The  onler  in  Hint  of  Tiiukennnii's  Genera  IJclienum.^ 

Evernia  TulntiM,  \Vn\f. — Outi-Geant  the  Graml  Falls  of  thu  Tif^ 

Btoue.    Fertile.  (1.) 

Umea  trivhodea,  Ach. — In  Rome  of  tlic  tii>i-dmoiis  tfai^  fibrils  arc  t){ 

witli  iDtiiiite  .l)Iai;k  pninta  resembliug  speinioguuvs,  but  no  stteriii 

coulfi  be  Uettttoii.  (2.) 
Alwtm-iajuhata,  Fr. — Shuil4iou«  Lake,  SttplciulMir.    lufciiilv.  (3.) 
AleclorUt  jiibttta,  Fr.,  var.  implexa,  Fr. — Ou  braueUes  of  Cuiiil 

Xufertile-  (3n.) 

ThehutiihiiteK  parietinuH,  (L,  Desf.)  Jfyl.,  var.  It/diueus,  Scha-i-. — On  i 

wood,  Jackson's  Lnko,  Septfuilwr.  (4.) 

r»niifilitt  niu-alilis,  Ach. — Frugiiients.     luftfrtile.  (J.)  ^ 

riu-mdm  mriKjifrm,  Aoli. — Infertile  Eragmeuts.  ((J.)  3 

PaniK-liii  plii/Miilcs,  AcU.— :Oi]  bniiicbes.  (7.)  .^ 

Pan«('/(V(('/i>«<rt'«,  Acb.,  var.<iraa^^oIa,(U.S.) — Tory  small  and  M 

s|)(,-ckmeiie  ud  dead  W4>od.  {&.) 

UmbilioanapolynhgUa,  Ploffiu. — SliOsIinne  Lake,  Septvuibei-.    lufei 

UmiiiUcaria  egUudrioa,  Acb.  (!) — Infertile.  (10.)  i 

ij^Uicttria  hirmtn,  JtMb. — liilvnile.  (11.)  ti 

VmhlUctirlti  ruijifcra,  Nvl.— Kturi  Mwuiitiiins.  (rievatioii  lli,<tWri 
July  29.  (12.) 

Peltiffera  aphthosa,  HoQiu. — Mystic  Lake,  near  Fort  Ellis,  Alout 
July.  (U.) 

Peltigera  canina,  Hoffm. — T^tou  Oailoii;  hot  springs,  aiid  elsewl: 
(14.) 

Peltigera  eaiHua,  Uofiva.,  var.  spuria,  Acli. — Tutou  Caiion.  (14  a.) 

Soloriiia  saccala,  Acli.,  var.  spottffiosa,  Nyl. — On  th?  eartb  among 
ga;;  Cufiou  Creek,  Idalio,  September.  (14Ii.) 

Pliifodiiim  cinrforfes,  Tuckenii. — Ti5tou  Mouutuius.     Infertile.   (15. 

Placodiinn  coraUoides,  Tuckerm. — Teton  Oaiion,  (16.) 

Placoditim  murortim,  (lloSm.,)  D.  0. — The  specimens  are  iiumer 
(17.) 

Plaeodium  mvrorum  Tt.  C,  var.  citrinum,  (Ach.)  Nyl. — With 
niHJve,  but  less  abundant.  (17a.} 

Placodium  callopmiiiim,  AcU. — The  specimens  are  numerous.  (IS.) 

Placoditim  peliophyUiim,  Tuckercu.,  (Genera,  p.  108.) — Thallus  crust 
oils  and  white  iit  the  center,  at  the  circumfercuce  laciniate  lioear  i 
titid,  glaucous  fusccscent.  Aputhecia  central  crowded,  the  margiu 
tii-e,  disk-plane  white,  pruiiiose,  cracked.  Paraphyses  articulate, 
menial  gelatine  blue  with  iodine.  Spores  polar- bilocular,  .016-21  : 
long,  .008-10  min.  wide.     On  rocks,  Fort  Ellis,  Montana,  (19.) 

The  specimens  are  scanty,  but  I  venture  to  refer  it  as  above,  the 
I  have  only  seen  the  brief  descriptiou  cite<l. 

Placodinin  variabik,  (Pera,)  Nyl.(?) — Thallus  tartarious,  rimose  a 
late,  n-hitisli.  Apotbecia  sessile,  the  disk  bluck.  Spores  polar-biloci 
.015-18  min.  long,  .007-0  min.  wide.  (20.) 

The  single  fragment  is  very  small,  and  hardly  sufficient  for  sati 
tory  AtfteivflmaUou. 
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Placodium  viiellinumy  (Ehrh.,)  Acb. — Oq  dead  wood.  (21.) 

Placodiurn  luteo-minium^  Tuckerm.  Lich.  Calif.,  p.  18. — A  small  Placo- 
dium growing  amoug  mosses,  which  seems  referable  here.  (22.) 

Placodium ,  (I) — A  few  scattered  apothecia  with  a  plane  ferru- 

giiieous  disk,  iu  rocks  amoug  other  licheus,  not  sufficient  for  determina- 
tion. (23.) 

Lecanora  rubina,  Ach.,  v'ar.  peltata^  D.  C.  (24.) 

Lecanora  nibina,  Ach.,  var.  opdca,  Ach.— The  specimens  of  both  these 
varieties  abundant.  (24a.) 

Lecanora  muralis,  (Schreb.)  Schjer.  (25.) 

Lecanora ,  (f)  (20.) 

Lecanora ,  (!)  (27.) 

These  two  lichens  belong  to  the  section  Squamaria,  but  I  am  unable 
to  identify  them  from  the  scauty  fragments.  The  thallus  resembles 
that  of  L,  cartilagineay  as  described,  but  the  apothecia  are  like  those  of 
L,  subfusca ;  in  the  one  with  a  convex,  rufous  fuscous  disk  and  entire 
margin ;  in  the  other  with  a  plane,  black  disk  and  flexuous  margin. 
Si)ores  simple,  .012-15  min.  long,  one-half  as  wide.  Both  are  perhaps 
.forms  of  the  same  plant. 

Lecanora  sub/usca,  Ach.' — On  stones  and  dead  wood.  (28.) 

Lecanora  varia,  Fr. — On  dead  wood.  (29.) 

Jjecanora  Hageni,  Ach. — On  stones.  (30.) 

Lecanora  cinerea^  L.,  var.  Hoffnianniy  Ach. — Some  of  the  specimens 
have  a  plicate  crust,  but  seem  not  separable.  (31.) 

Lecanora  rhagadiosa^  Ach.  {Acaraspora  scabra^Th.  Fr.  Scand.,  p.  208.) — 
Ked  Mountain,  elevation  9,000  feet.  New  to  this  continent,  and,  with 
Lecldia  mamillaris  mentioned  below,  an  interesting  addition  to  the  few 
lichens  common  to  only  the  western  slope  of  North  America  and  Europe. 
(32.) 

Lecanora  xantlu>pliana^  Nyl. — On  rocks.  (33.) 

Lecanora  chlorophana^  (Wahl.)  Ach. — On  rocks. 

Lecanora  Schleicfieri,  {Ach.y) '^yh — On  the  earth,  the  specimens  scanty. 
(35.) 

Lecanora  cervina,  (Pers.,)  Somf.,  var.  glmMocarpa^  Soraf.  (35.) 

Lecanora  cervina,  (Pers.,)  Somf.,  var.  squamulosa,  Fr. — Some  of  the 
specimens  have  prominent  brownish  black  spermogones  with  minute 
spermatia,  .002  min.  long.  (30a.) 

Lecanora  cervina,  (Pers.,)  Somf.,  var.  glebora,  (Kbv.) — The  specimens 
are  numerous,  some  of  them  approaching  the  var.  dimcta,  Fr.  (30ft.) 

Lecanora  ,   (?)   Thallus  areolate  verrucose,   ca^sius  pruinose. 

Apothecia  immersed,  1  to  3  in  the  areoles,  the  disk  plane,  black  or 
white  pruinose.  Thekes  myriosphorous.  Spores  elliptical,  .005-.00G 
min.  long,  one-half  as  wide.  On  rocks  with  the  preceding,  from  which 
it  is  perhaps  distinct.  (37.) 

Rinodlna  sophodcs^  (Ach.,)  var.  ejoigua^  Nyl. — ^On  dead-wood.  (38.) 

Rinodina  BischoJUy  (Hepp.,)  Kbv. — On  rocks.  (39.) 

Cladonia  pyxidata,  Fr.  (40.) 

Cladonia  gracilis,  Fr.,  var.  verticillata^  Fr.,  Charles  H.  Peck,  esq,  (40ft.) 

Cladonia  fumhriata^  Fr.  (40a.) 

Cladonia  rangiferinaj  Holtm.  (41.) 

Cladonia  squamosa,  var.  delicataj  Fr.  Charles  H.  Peck,  esq.,  (41ft.) 

Biatora  decipienSj  Fr.  (42.) 

Biatora  luridella,  Tuckerm.  (43.) 

Lecidea  contigna,  Fr. — A  single  specimen.  (44.) 

Lecidea (?) — A  small  lichen  on  dead  wood^  ^\>i\v>i>x^>as^A.  ^"^  ^* 

melancheuriaj  but  with  larger  spores.    PetVia\>^  \.o  \i^  ^^'tev\i^^\RkX»*%<i5si>*.- 
letorum,  Fr.  (AS.) 
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Lecidea  ^ilota,  Fr. — A  single  specimen.  (46.) 

Leoidea  polycarpa,  Flk. — ^A  single  specimen.  (47.) 

Lecidea  atrobrunnea^  (D.  C.,)  Schaer.  (48.) 

Lecidea  fmcoatra,  (Acb.,)  Fr.  (f) — ^A  single  specimen,  aboat  which  I 
jwn  not  certain.  (49.) 

Lecidea  mamillariSj  (Gonan  Schoer.) — On  the  earth.  New  to  this  con- 
tinent. (50.) 

Lecidea  caulescens^  Auz. — A  single  fragment.  (51.) 

Buellia  myriocarpa^  D.  C. — On  dead  wood.  (52.) 

B^iellia  2)etra;a,  (Fl.,)  var.  geminataj  (Nyl.) — A  single  specimen.  (53.) 

Buelliu  petrwa,  (Fl.,)  var.  Montagneij  (D.  (3.) — A  single  specimen.  (53a.) 

Acolium (f ) — ^Thallus  verrncose,  the  verrucas  turgid,  glaucescent. 

Apothecia  innate-sessile,  on  the  apex  of  the  verrucae,  the  disk  plane 
surrounded  by  a  cupula,  black  proper  exciple,  with  no  traces  of  a  thal- 
lium margin.  Hypothecium  white.  Spores  bilocular,  .004-23  min. 
long,  .009-11  min.  wide.  A  few  specimens  occurred  on  dead  wood. 
Perhaps  a  new  species.  (54.) 

Undocarpon  miniatum,  (L.)  Schier.,  var.  complioatum^  Schaer.  (55.) 

Endocarpon  pus^illum^  Hedw. — Two  or  three  squamules,  on  the  earth. 
(56.) 

There  are  five  or  six  other  lichens  in  the  collection,  but  infertile  and 
insufficient  for  determination. 

FUNGI. 

Determined  by  Charles  H.  Peck,  Esq. 

Agarious  geophyllusj  Sow. — T^ton  Gaiiou,  July  24. 

Thelephora  ierrestriSj  Fr. — Along  the  Yellowstone. 

Lycoperdon  pyriforme^  Schaefi*. — Near  Yellowstone  Lake,  August  23. 

Melamsora  salicina^  J^ev. — ^Head-waters  of  Suake  River,  September  11. 

u^'Jcidium  pyratnm,  Schw. — Head- waters  of  Snake  River,  September  11. 

Peziza  {Macropodea)  vulcanuliH^  n,  sp, — Cup  ileshy,  fninicl -form,  stipi- 
tate,  creuate  on  the  margin,  smooth  when  frcvsh.  rn^ulosii  and  more  or 
less  brown  when  dry ;  hymenium  pale  orange ;  stem  slender,  solid, 
smooth,  brown;  asei  cylindrical ;  paraphyses  slightly  thickened  at  the 
tips;  spores ellii)tical, smooth, 0.0004-O.OObO inch  long,  0.0003  inch  broad. 
Plant,  0-10  lines  high ;  cup  4-0  lines  broad.  Ground.  Extinct  vol- 
cano, Snake  River,  July  10;  Twin  Buttes. 

Hijsterium  Phiadri^  Fr. — Near  Yellowstone  Lake,  August  23.  On  pine 
leaves  with  the  following : 

Spluvria  {Bysfiiseda')  Coulieri,  n,  sp. — Subiculum  eftnsed,  indeterminate, 
brown ;  peritliecia  small,  gregarious,  subglobose,  fragile,  involved  in  the 
subiculum,  the  ostiole  prominent,  naked,  irregnlar,  rough,  black ;  asci 
fugacious ;  si)ores  uniseriate,  uniseptate,  constricted  in  the  middle, 
colored,  0.0008-0.001  inch  long,  0.0003-0.0003r)  inch  broad.  Loaves  and 
branchletsof  pines.  Near  Yellowstone  Lake,  August.  The  soft,  almost 
cottony  subiculum  creeps  extensively  over  the  leaves,  binding  them  to- 
gether in  masses,  and  sometimes  presenting  upon  the  surface  a  shining 
membranous  appearance.  The  perithecia  are  closely  invested  by  it,  the 
rather  large  ostiola  alone  protruding  above  it.  Dedicated  to  its  dis- 
coverer, J.  M.  Coulter. 

Clavaria  formosa^  Fers. — Jackson's  Lake,  September. 

Geaster  hygrometricus^  Pers. — Xo  locality. 
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REPORT  ON  ASTRONOMY  AND  HYPSOMETRY. 

By  Henry  Ganxett,  M,  E. 

Washington,  D.  C,  April  11, 1873. 

Sir  :  I  have  the  honor  to  submit  to  you  the  following  report  on  the 
astronomical,  hypsometrical,  and  meteorological  work  of  the  United 
States  Geological  Survey  of  the  Territories  during  the  season  of  1872. 

The  field-work  of  the  Yellowstone  division  was  conducted  by  myself, 
assisted  by  Professor  E,  B.  Wakefield,  of  Uiram  College ;  Mr.  A.  E. 
Brown,  anil  Mr.  T.  O'C.  Sloane. 

Tlie  field-work  of  the  Snake  Eiver  division  was  conducted  by  Mr. 
Eudolph  Hering,  assisted  by  Messrs.  Thomas  W.  Jaycox  and  W.  A. 
West.  Mr.  William  Nicholson  was  stationed  at  Fort  Hall  through  the 
summer  taking  barometric  observations.  During  the  winter  he  has  as- 
sisted me  in  the  office- work. 

Mr.  Hering  left  the  survey  early  in  the  spring,  shortly  before  his  re- 
port was  completed.  1  have  finished  it,  and  present  it  in  as  complete  a 
form  as  possible. 

The  meteorological  observjitions  at  Fort  Hall,  and  at  the  camps  of  the . 
two  divisions,  I  have  thought  best  to  print  in  a  volume  separate  from 
the  report,  putting  in  the  report  only  a  few  deductions  from  them. 

I  would  express  my  thanks  for  assistance  received  from  the  United 

St4ites  Coast  Survey,  the  Navy  Department,  the  Signal  Service  of  the 

United  States  Army,  Captain  J.  E.  Putnam,  at  that  time  in  command 

at  Fort  Hiill,  and  to  General  J.  E.  Blaine,  surveyor-general  of  3Iontana. 

I  am,  sir,  very  respectfully,  yours, 

HENRY  GANNETT. 

Dr.  F.  V.  Hayden, 

United  States  QeologUt, 


The  astronomical  instruments  placed  at  my  disposal  were:  an  astro- 
nomical transit,  belonging  to  the  United  States  Coast  Survey,  of  one 
and  a  half  inches  aperture  find  sixteen  inches  focal  length;  a  zenith 
telescope  belonging  to  the  United  States  Coast  Survey ;  two  sextants 
and  artificial  horizons;  a  box- chronometer  rated  on  sidereal  time;  two 
pocket-chronometerSj  the  property  of  the  United  States  Navy,  rated  on 
mean  time. 

Of  these,  a  sextant  and  horizon  and  one  of  the  pocket-chronometers 
were  put  in  charge  of  Mr.  Hering  for  use  in  the  Snake  River  division. 
The  chronometer  ran  very  badly,  stopping  on  several  occasions,  of 
course  making  longitude  determinations  by  it  worthless.  I  append  the 
list  of  latitudes. 

The  pocket-chronoineter  taken  by  me  got  out  of  order  while  at  Fort 
Ellis,  and  was  of  no  use  on  the  trip. 

The  latitude  of  Fort  Hall  was  determined  with  the  zenith  telescope 
by  observations  on  five  pairs  of  st.irs  on  three  nights.  The  result,  with 
a  probable  error  of  0".80,  is  given  below. 

Having  been  disappointed  in  my  x)lan8  for  determining  longitude  by 
telegraph,  where  the  telegraph  was  available,  I  waa  covsixv^W^^N-^^^'^^'^*^ 
to  moon  culminations,  whenever  the  time  peTmWXj^^. 
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At  Fort  Hall  I  observed  tbrough  one  lunation,  obtaining  seven  cul- 
minations, wbich  gave  tbe  result  submitted  below,  with  a  x)ossible  error 
of  7.4  seconds. 

The  latitude  of  Fort  Ellis,  and  of  all  other  stations  besides  Fort  Hall, 
was  determined  with  the  sextant,  by  observations  on  Polaris  and  a  south 
star,  whenever  possible,  and  on  the  sun  whenever  tbe  movements  of  the 
party  permitted. 

For  the  determination  of  the  longitude  of  Fort  Ellis,  I  succeeded  in 
obtaining  only  two  moon  culminations.  I  have  adopted  the  longitude 
given  by  chronometer  in  preference. 

The  longitudes  of  the  other  stations  in  the  list  of  astronomical  jwsi- 
tions  appended  depend  on  observations  with  the  sextant  on  the  e^ist 
and  west  stars,  or  on  the  sun,  and  the  rate  of  the  chronometer.  This 
has  been  exceptionally  good,  having  lost  from  observations  made  at 
Salt  Lake  City  at  the  beginning  and  end  ot  the  trip,  by  2  minutes,  13.05 
seconds,  between  May  28  and  October  29.  Its  rate  was  checked  during 
the  season  by  returning  to  Fort  Ellis,  the  Three  Forks  of  the  Missouri, 
and  Fort  Hall,  and,  in  all  cases,  was  found  to  be  very  uniform. 

YELLOWSTONE  DIVISION. 

List  of  astronomical  positions. 


Fort  Hall,  Idaho, .-. 

Virginia  City,  Mout.,  (United  States  signal-service  office) 

Fort  Ellis,  Mont.,  (camp  1) 

Helena,  Mont.,  (snrveyor-general's  office) 

Camp  '^    

Camp  4,  Bottler's  Ranch 

Camp  T) 

Caiui)  (» 

Month  of  Gardiiiei'\s  Kiver,  iiortheru  boimdary  of  Yellow- 

stone  National  Park 

White  Mouutaiu  Hot  Springs,  (camp  7) 

Camp  8 

Camp  'J 

Yellowstone  Fallj*,  (camp  11) 

Camp  12 

Head  of  Yellowstone  Kiver,  at  lake 

Camp  l:J 

Lower  GeyKcr  Basin,  (camp  14) 

Camp  IT) 

Camp  1(1 

Camp  17 

Camp  13 

Camp  11) 

Camp  21 

Camp2'2 

Camp  25 

Three  Forks  of  the  Missonri,  (camp  27) 

Camp  28 

Camn  M 


amp 


Camp  3() 

Camp  39 

Camp  41 

Camp  42 

Camp  43 

Camp  44 

Western  houudary  «i  YeWoxv^^owov  Ntv.Uoual  Park 

Southern  boundary  t>t'  XeY\oN\HVo\w'Sv3L\^\^v«\^.^v\\>\.\vA^^ 
Eastern  boundary  of  ^^'Wo\^•:^\.o\^^^vv\:\Vvv^:VAv^VV^^^^ 
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The  maguetic  variation  was  determioed  by  observing  the  azimuth  of 
Polaris  with  the  gradienter,  an  instrument  reading  to  minutes ;  the  re- 
sults are  to  be  depended  on  to  that  degree  of  precision.  1  append  the 
list: 


Date. 


July  12,  1872 
July  27,  1872 
Aug.  7,  1872 
Aujr.  15,  1672 
Aug.  31,  1872 

Sopt.  9,  1872 
Sei)t.  23,  1872 
Oct.    12,  1872 


Place  of  obsorvaiion. 


Fort  Ellis 

White  Mouutaiu  Hot  Springs 

YellowBtone  FaUs 

Lower  Geyser  Basin 

Mouth  of  Judian  Creek 

Virginia  City  * 

Gallatin  Citv 

Head  of  Gallatin,  (latitude  45°  15') 
Helena 


Mag.  var., 

east. 

o 

/ 

19 

41 

19 

17 

19 

0 

18 

29 

19 

22 

19 

15 

19 

31 

19 

9 

19 

59 

*  Given  nio  by  Mr.  Corbett,  of  Virginia  City,  United  States  Dep.  Min.  Sur. 

The  instruments  placed  at  my  dispos<al  for  hypsometric  and  meteoro- 
logical work  were  six  of  Green's  cistern  barometers,  two  of  these  being 
single  and  four  of  them  double,  vernier  barometers,  with  a  sufficient 
supply  of  wet  and  dry  bulb  and  maximum  and  minimum  thermometers, 
and  a  good  supply  of  aneroids. 

I  decided  upon  Fort  Hall,  Idaho,  and  Virginia  City,  Montana,  as 
suitable  and  available  base-stations.  The  altitude  of  the  former  i)lace 
was  determined  by  coincident  observations  at  this  point,  and  Ogden, 
Utah,  (the  elevation  of  which  was  taken  from  railroad  levels,)  for  three 
weeks  during  the  month  of  June;  that  of  Virginia  City,  by  coincident 
observations  between  that  point  and  Fort  Hall,  during  the  months  of 
June,  July,  August,  and  September. 

The  base  observations  at  Fort  Hall  were  made  by  Mr.  Wm.  Nichol- 
son, of  the  survey.  They  were  made  hourly  from  7  a.  m.  to  0  p.  m., 
during  the  whole  time  that  the  parties  were  in  the  field. 

The  United  States  signal-service,  through  its  sergeant  observer  at 
Virginia  City,  Mr.  A.  B.  Knight,  kindly  allowed  me  the  use  of  the  obser- 
vations taken  there,  for  hypsometric  purposes,  modifying  slightly,  to 
suit  my  wishes,  their  method  of  observation.  One  of  the  single  vernier 
barometers,  with  dry  and  wet  bulb  and  maximum  and  minimum  ther- 
mometers, \^as  left  at  Fort  Hall,  for  Mr.  Nicholson's  use.  I  gave  to 
Mr.  Hering,  who  took  charge  of  this  work  in  the  Snake  Eiver  division, 
two  of  them,  with  the  other  necessary  instruments,  and  reserved  the 
others  for  use  in  the  Yellowstone  division. 

Aneroids  have  been  used  considerably,  especially  where  closely  accu- 
rate results  were  not  required,  and  have  been  found,  if  compared  daily 
with  the  mercurial  barometers,  and  carefully  used,  to  be  sufficiently 
accurate  for  the  purposes  for  which  they  were  employed. 

I  have  paid  some  attention  to  elevations  of  the  water-level  of  streams, 
not  only  lor  getting  the  rate  of  fall,  which  may  be  of  use  for  purposes 
of  irrigation,  &c,  but  as  indicating  what  may  be  called  the  water-con- 
tour of  the  country,  which*  certainly  expresses  the  general  elevation  of 
the  country  better  than  any  other  class  of  observations. 

As  the  question  of  the  locatioiSL  of  a  railroad  frovxi  «»c>tftfc  \>wa\i  wv  *C«^^ 
Central  Pacilic  llailroad  to  the  settled  poTtvon^  ot  ^\.o\i\a»\va»\^\^<2k^  ^"^ 
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much  interest.  I  {mid  considerable  attention  to  that  portion  of  the  roate 
up  Ilenrj'H  Fork  of  the  Snake  River,  over  Eaynohrs  Pas*  and  down  the 
Madi.son^  a  route  which  has  recently  began  to  attract  anennon.  over 
which  we  traveleil;  i.  e.j  from  the  valley  of  Henry's  Lake  over  Ray- 
nold's  Pa.S:<.  and  thence  down  the  Madison  River  to  the  Three  Forks  of 
the  Missr>uri.  The  route  pursued  by  onr  train  down  the  Madison,  from 
thi*  frx>t  of  the  Middle  Caijon.  is  by  no  means  the  easiest  roate.  A  rail- 
road can  follow  closeh'  the  bank  of  the  river  with  little  Expense  from 
this  [Kiint  to  the  head  of  the  Lower  Caiion  at  Meadow  Creek. 

The  valley  of  Uenry's  Lake  is  br^ad  and  perfectly  level,  bat  very 
s%vaiiipy  near  the  lake.  A  road  coming  up  Henry's  Fork  of  the  Snake, 
would  make  a  sweep  around  the  lake,  keeping  at  a  distance  of  about  a 
mile  from  it  on  the  east  side.  The  summit  of  Raynold's  Pass  can  be 
reached  by  easy  grades  of  not  more  than  60  feet  per  mile,  without  any 
cutting.  The  jiass  is  very  broad,  with  perfectly  smooth  approaches  on 
both  sides.  The  Madison  ^'alley  here  is  terraced.  From  the  head  of 
the  pass  the  level  of  the  river  can  be  reached  in  twelve  miles,  at  which 
IK>int  the  valley  contracts  by  a  grade  not  exceeding  75  feet  per  mile. 
The  va!ley  is  narrow  for  three  to  four  miles,  with  several  spurs  crossing 
it  anil  extending  to  the  river,  but  which  can  be  avoided  by  keeping 
close  to  the  river,  which  involves  some  embankment.  Below  this  the 
valley  opens  again,  with  a  i)erfectly  level  bottom,  which  extends  to  the 
head  of  the  Lower  Caiion,  at  Meadow  Creek,  and  here  the  only  difficul- 
ties on  this  route  will  be  met.  The  fall  of  the  Madison  from  the  foot  of 
the  Middle  Cafioii  to  this  i>oint  averages  23  feet  i>er  mile.  The  Lower 
Canon  is,  from  information  which  1  have  gathered  from  reliable  sources, 
impassible  for  a  railroad,  nearly  so,  even,  for  men  on  foot.  To  pass 
around  it,  the  road  must  cross  the  divides  between  Meadow  and  Hot 
Spring  Creeks,  and  between  Hot  Spring  and  Cold  Spring  Creeks,  neith- 
er of  them  higli,  but,  so  far  as  I  know  them,  involving  grades  too  stei»p 
for  a  railroad  ta  sunrionnt,  except  at  heavy  expense  in  cutting,  as  is  in- 
dicated in  the  elevations  and  distances  on  this  route  given  below.  The 
sta;;e-r()a(l  crosses  the  divixle  between  Meadow  and  Hot  Spring  Creeks, 
farther  up  from  the  mouth,  by  a  better  route,  but  I  have  no  data  coii- 
eerning  it.  Still  farther  from  the  river  the  divide  rises  higher  and  nioie 
abruptly. 

The  elevation  of  Yellowstone  Lake,  as  well  as  that  of  several  other 
Xioints,  as  determined  by  my  observations  this  year,  will  be  seen  to  ditier 
materially  from  that  given  in  the  report  of  the  survey  for  1871.  This 
(litlenTiee  arises  from  the  want  of  a  barometric  base  for  the  work  of 
1S71,  the  observations  being  referred  directly  to  the  sea-level.  In  the 
case  of  Yellowstone  Lake,  synchronous  observations  were  taken  at  But- 
ler's Iianeh.  but  they  were  not  used  as  base  observations,  flaking  use 
of  these,  they  give  the  same  result  that  1  obtain. 

For  the  computation  of  elevations,  G uyot's  tables  have  been  used. 

Th(»-  ehfvatious  are  given  in  feet  above  the  level  of  the  sea  unless 
otherwise  indicated. 


GEOLOGICAL   8UEVEY   OP  THE   TBBBIT0EIE8.  799 

Canyt  of  Tetlmetlont  dirixion. 
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Heights  of  peaks  and  divides. 

ElevuloD. 

Mount  Bechlor,  near  ORden,  Utah '9,716 

Mount  Patnam,  near  Fort  Hall,  tdabo 8,1^54 

Bridgor'a  Peak 9,002 

Mount  ElliH.- 8,419 

Electric  Peak 10.992 

Moaut  Waahburn 10,HH6 

Mount  Btackmore 10.134 

Liberty  Peak 9,162 

Mount  Delano 10,200 

Old  Balily,  near  Virginia  City 9,711 

Ward's  Peak 10,371 

Fe;ik  in  second  caEon  of  the  Madison , ...,..,  10,  111 

Peak  in  second  caBon  of  the  Madison , ,. „ l(l,?aft 

Peak  in  second  ca&on  of  the  Madison,  near  HenTj'eliahft.. '^,Wfe 
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Heights  of  peaks  and  divides — Continued^ 

ElcratkHL 

Peak  iu  second  caQon  of  the  Yellowstone 9.47* 

Divide  between  the  Yellowstone  and  Gallatin,  on  Bannock  trail ....  9.  :>17 

RaynoUrs  Pass 6,911 

Red  Rock  Pass ^ 7.271 

TygbeePass 7j)(>:i 

Fiathead  Pass 6,763 

Divide  between  JefTerson  and  Madison,  on  road  from  Virginia  City  to  the 

Madirou,  at  English  George's  Ranch 7,104 

Union  Pass,  Bridger  Range "TiS^? 

Divide  between  Yellowstone  and  Gallatin  Riversy  on  road  from  Fort  Ellis 

to  Butler's  Ranch •6,037 

Divide  between  the  Yellowstone  and  Gallatin,  on  the  road  from  Bozeman  to 

the  Crow  agency '5, 721 

Divide  on  Mount  Washburn,  where  the  trail  crosses •O,  155 

Divide  between  Clark's  Fork  and  the  Rosebud '8,736 

Divide  between  the  Yellowstone  and  Madison,  on  the  trail  from  the  Mud 

Geysers  to  the  Lower  Geyser  Basin •8,164 

Divide  between  the  head  of  Bridger  Creek  and  that  of  the  west  fork  of 

Shield's  River •e.Oie 

Y'cllowstone  Lake 7,7^ 

Henry's  Lake 6,44:^ 

MvsticLake 6,46^ 

*  Heasnred  by  aueroid. 

Timber-line. 


On  Electric  Peak , 

On  Mount  Washburn 

On  mountains  in  Middle  Cafion  of  Madison 

On  Ward'HlVak 

On  Mount  IJlsickmoro 

(Jn  Mount  Delano 

On  Bridjior's  I\'iik 


Elevatiou. 


•9, 44-2 
♦9,900 

•9,  :;i>- 


•  Measiireil  by  aueroid. 

Elevation  of  White  Mountain  Hot  Springs,  from  G,278  to  7,035  feet: 
boiling-point,  200^.0  to  109^5. 

Elevation  of  Mud  Geysers,  TjToO  to  7,800  feet ;  boiling-point,  19S-.o. 

Elevation  of  springs  at  Crater  Hills,  7,828  to  7,970  feet ;  boiling-point, 
IOS^.2. 

The  Geyser  Basins  are  very  flat;  the  range  of  elevatiou  in  the  area 
occupied  by  the  springs  and  geysers  not  exceeding  100  feet  in  each 
basin. 

Elevation  of  the  Lower  Geyser  Basin,  7,250  to  7,330  feet :  boilinij- 
poinf,  100^3. 

Elevation  of  tlio  Upper  Geyser  Basin,  7,300  to  7,400  feet:  boiling- 
point,  101)^. 

Sulphur  springs  on  the  divide  between  the  Yellowstone  and  Gallatin, 
on  the  trail  from  the  MudGevsersto  the  Lower  Gevser  Basin,  elevation, 
8,240  feet.     Boiling-point  at  Yellowstone  Lake,  198^.1. 
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List  of  elevations  on  Yellowstone  River. 


Miles  from 
month  of 
Shield's 
River. 


Elevation. 


Fall  per 
mile. 


At  Yellowstone  Lake 

At  Mud  Geysers 

At  top  of  upper  falls 

Height  of  npper  falls,  140  feet. 
Top  of  lower  falls 

Height  of  lower  falls,  397  feet. 

Month  of  Tower  Creek 

At  bridge,  month  of  East  Fork 

Mouth  of  Gardiner's  River 

At  "  Devil's  Slide" 

Month  of  CaHou  Creek 

At  Butler's  Ranch 

At  head  of  Lower  Ca&on 


105.5 
99.5 
90.5 

90.0 

77.0 
74.0 
54.0 
46.0 
38.0 
28.0 
8.0 


7,788 
7,705 
7,693 

7,485 

6,207 
5,978 
5,360 
5,160 
5,058 
4,985 
4,643 


Feet, 


13.8 
1.3 

136.0 

67.8 
76.3 
30.9 
3.3.3 
10.2 
7.3 
17.1 


Elevations  on  the  East  Fork  of  the  Yellowstone. 


Miles  from 
forks; 


Elevation. 


Fall  per 
mile. 


Month  of  Slongh  Creek a.. 

At  forks  of  East  Fork a.. 

a., 
a., 
a., 
a.. 
a.. 
Head  of  Middle  Branch  of  East  Fork a.. 


6 

8 

10 

12 

13 


5,986 
6,286 
6,436 
6,536 
6,586 
6,746 
6,886 
7,586 


FeeU 


25 

50 

75 

80 

140 


(a)  Measured  by  aneroid. 

List  of  elevations  on  the  Madison  River. 


Extreme  source,  Madison  Lake,  (Mr.  Hering's 
report.) 

In  Lpper  Geyser  Basin 

Mouth  of  East  t'ork  of  Fire-Hole 

Month  of  Gibbon's  Fork 

At  camp  16 

At  month  of  East  Fork  of  Madison 

In  middle  of  second  cafion 

Three  miles  above  camp  20 

At  mouth  of  Indian  Creek 

At  camp  23,  near  English  George's  Ranch 

At  head  of  Lower  Cirij^ou 

At  bridge...   

At  camp  26 '. , 

At  month... J 


Miles  from 
month. 


51  G  8 


\ 


170 

160 

148 

142 

129 

116 

103 

81 

66 

55 

41 

23 


Elevation. 


8,301 


7,367 
7,237 
6,808 
6,604 
6,567 
6,348 
5,693 
5,494 
5,026 
4,848 


Fall  per 
mile. 


Feet. 


tU-riilUmx  nu  utrattH 


ili;il.Hr.-.-k  .... 


:  i-rt'seilt  JllV  tliC  Yollt)' 

.  i:  ini'Si'iir  imii'ticMlik'  ft 

■:.i:i.  tT(issfS  tlic  VclUiw 

:vt'r  iis  i-Ioscly  a?;  iiiny 

:■>  to  llii*  iiiuiitli  of  Oiinoii 

-.iilu'siIii-itiitiilKII  IVet  1 

inoiiiiliiiiis  wliiuli  I'ortii 

."-.ry  .ist'cp  inid  iii{;;jffl.  n 

Ivi-  i-oiisicU-niblo  outlay 

■i  i'oiii]nir:itiv<'lv  oa.'iv 

■  rJ.iizvsa.Toss  'iIi.-  n\ 

:..-.;iiMVrt  ill  «i.lili. 
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by  easy  grades.  Thence  it  follows  the  river  quite  closely  to  Tower 
Creek,  which  it  crosses  just  above  the  falls.  The  descent  to  the  creek 
is  extremely  steep,  and  some  better  point  of  crossing  must  be  dis- 
covered. The  creek  is  in  a  caiion  most  of  its  length,  and  in  the  begin- 
ning of  August  was  about  18  inches  deep  and  50  feet  in  width. 

From  the  mouth  of  Tower  Creek,  southward  for  15  miles,  the  Yellow- 
stone is  in  the  Grand  Canon,  the  numerous  impassible  cross-canons  of 
which  require  that  the  trail  keep  back  at  a  considerable  distance  from 
the  river,  passing  round  to  the  west  of  the  summit  of  Mount  Wash- 
burn, which  is  the  culminating  point  of  the  plateau  of  the  Grand 
Caiion.  The  grade  is  e^sy  and  smooth  up  a  spur  from  the  mountain, 
reaching  at  its  highest  point  nearly  to  the  timber-liue  on  the  north  side. 
Passing  round  to  the  west  side  of  the  spur,  the  trail  becomes  very  diffi- 
cult from  fallen  timber,  rock-slides,  and  steep  side-hills. 

From  the  top  of  the  divide  to  the  falls  on  the  plateau  no  difficulties 
are  met,  except  steep  grades  at  first,  and  some  timber. 

The  crossing  of  Cascade  Creek,  near  the  falls,  involves,  by  the  trail 
which  we  followed,  crossing  a  deep,  narrow  caiion,  difficult  even  for 
pack-animals.  I  have  no  doubt  that  a  better  crossing  cnn  bo  found  two 
or  three  miles  farther  up  the  creek.  Between  this  point  and  Crater 
Hills  are  two  sloughs,  which  extend  several  miles  back  from  the  river. 
At  the  time  when  we  were  there  they  were  about  two  feet  deep,  but 
this  was  at  the  lowest  stage  of  the  water.  From  there  to  Yellowstone 
Lake  there  is  no  difficulty  whatever,  except  from  live  timber. 

We  crossed  to  the  geyser  basins  from  the  mud  geysers.  For  nine 
miles  the  trail  led  through  an  open  country,  nearly  level.  Thence  to 
the  top  of  the  divide  we  met  with  a  tolerably  heavy  growth  of  timber. 
On  the  west  side  of  the  divide  the  live  timber  is  very  dense,  while  the 
ground  is  thickly  covered  with  fallen  timber,  making  our  passage  with 
the  train  very  difficult.  This  condition  of  things  extends  for  four  or 
live  miles,  when  the  trail  enters  the  open  valley  of  the  east  fork  of  the 
Fire-Hole  Eiver.  This  valley,  as  far  as  the  mouth  of  the  east  fork,  is 
quite  marshy  in  some  places,  but  little  difficulty  will  be  found  in  locat- 
ing a  hard  road. 

The  route  up  the  Madison  is,  through  the  greater  part  of  the  distance, 
much  easier.  Wagon  roads,  on  both  sides  of  the  Madison,  already  exist 
from  Virginia  City  to  the'  foot  of  the  Middle  Caiion,  within  fifty-live 
miles  of  the  Lower  Geyser  Basin.  These  roads  then  leave  the  Madison, 
and  cross,  by  Reynold's  Pass,  to  Sawtelle's  Eanch,  at  Henry's  Lake. 
The  trail  through  the  Middle  Caiion,  and  thence  to  the  geyser  basins, 
follows  the  east  side  of  the  river.  Wagons  have  been  through  this 
caiion,  and  a  slight  outlay  would  suffice  to  build  a  good  road  through 
it.  At  the  head  of  this  caiion  it  will  be  necessary  to  bridge  the  east 
fork  of  the  Madison,  which,  in  the  latter  part  of  August,  was  a  slug- 
gish, winding  stream  about  200  feet  wide  and  2J  feet  deei>. 

From  the  Middle  to  the  Upper  Canon  the  valley  is  broad,  flat,  and 
sparsely  timbered. 

The  Upper  Canon,  in  about  fifteen  miles,  presents  the  only  difficulties 
which  are  found  on  this  route.  The  caiion-walls  are  extremely  steep, 
in  some  places  i^recipitous,  and,  much  of  the  way,  come  close  to  the 
water's  edge,  not  unfrequently  requiring  wading  in  the  river.  Gibbon's 
Fork,  which  enters  the  Madison  in  the  middle  of  the  caiion,  must  be 
bridged.  This  stream  is  100  feet  wide  and  2^  feet  deep.  From  this 
creek  up  to  the  mouth  of  the  East  Fork  of  the  Fire  Hole  River  the  tru.vl 
is  obliged  to  keep  back  from  the  river.  It  i^x^T-^  \w\^.j*dxv^\i.^^"^ 
obstructed  by  live  and  dead  timber. 


804 


GEOLOGICAL   SLISVET  OF  THE  TERBITOKIES. 


To  bnild  a  road  throagh  this  eafion,  on  this  side  of  the  liTer,  wiQ  be 
expen!!>ive.  The  other  side,  here  the  soath  side,  of  the  river  appears 
uiucb  eai»ier,  and,  if  the  Middle  Canon  can  be  passed  on  that  side  of  the 
river,  a  route  on  that  side,  throughout  the  whole  distance,  is  to  be  re- 
eoiiiuiended.  The  road  should  then  cross  the  Madison  to  the  north 
side,  in  the  Upper  Canon,  two  or  three  mdes  below  the  month  of  Gib- 
lK>n'.s  Fork.  There  remains  on  this  route  the  upper  part  of  the  eanoo 
to  be  passed,  which,  as  stated  above,  presents  some  diflicnlties. 

LISTS  OP  ELETATIO:fS  ASD  DISTANCES  05  ROUTES  TO  THE  YELLOW- 
STONE NATIONAL  PAIUL 

Route  from  Bozeman  to  Yellowntone  Lake,  bjf  tcajf  of  Tellow^tone  Biter. 


Miles.      Elevation. 


B^fzeman 

Nearly  level,  with  Binooth  grades  to — 

Fort  Ellia 

Divide  crowing  to  Spring  Creek,  (steep  hill  on  each  side)  .. 
Spring  Creek 


Steep  d«rscent,  then  nniform  slope  np  to^ 

Camp  2f  on  Spring  Creek,  near  bead 

Divide  bi'tween  Spring  and  Trail  Creeks,  between  Gallatin 

and  Yellowstone .., 

Uniform  slope  to — 

Trail  Creek,  at  crossing 

Long  rolling  hills  to— 

Divide  between  Trail  and  Eight-Mile  Creeks 

Smooth  to — 

Camp  3,  on  Eight-Mile  Creek,  near  Yellowstone 

C'iinp  4,  at  Butler's  Ranch,  on  Yellowstone 

Ill  level  liver  bottom  to — 


Camp  5,  at  month  ai' i'nTutu  Creek  .. 
Second  Canon  of  the  Yillow^tone  Kiver: 
.Smooth  to — 


Uniform  slope  to — 

Head  oi  Second  C'aiiou 


Camp  0,  near  Devil's  Slide 

<iia«le  nearly  unifonu  in  river  bottom  to 

Bridge  over  Gardners  Kiver,  near  its  month 

Ltvrl  to 

Vi  rv  heavy  grades  to 

Level  to 


(Jiade  nearly  lunform  to — 

Camp  H,  on  J$lack-Tail  Deer  Creek 


(Irade  very  irregular,  on  rolling  i)lateau,  to 

Grade  somewhat  irn^gnlar  to — 

Camp  V^  lu  CucW  \ aWex ,  \\<i^\  \svQM\3a.  q>€  Ha&t  Fork 
Nearly  nnWonu  t»v*.\i\e.  to - 


3,3 
6.7 
7.3 

ao 

12.3 
15.7 
22.5 

28.5 

30.2 
39.2 
44.8 
45. 1 
45.3 

49.8 


4,900 

4,?35 
5,675 
5,500 
5,820 

5,639 

6,037 

5,300 

5,500 

5,2*2 

5.u?6 
r>,  04t) 

5,  Oo«J 

5,  "m 


51. 8 

5,160 

52.1 

5,  -MO 

52.7 

5,  UU 

54.7 

brm 

55.3 

5,  a:a) 

57.9 

5, 2lX) 

59. 2 

5,  ^50 

59.3 

r^e^o 

59.9 

r>,  34!^ 

04. 6 

b,tMn) 

67.9 

5.:»» 

6-8.7 

5. 3«iJ) 

70.4 

C.5«'" 

71.0 

6,  r»i»o 

71.2 

0,  '.too 

71.9 

0,  -:!^» 

74.2 

6, 570 

70.2 

0,  STO 

81.7 

7,0iK» 

84.0 

6,  ^% 

BCi.G 

r>.  m 

>5\J^ 

\      %:^^^ 
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Baute  from  Bozeman  to  Yellowstotie  Ldke^  &c. — Oontinaed. 


Crossinn;  of  Tower  Creek 

Level  to 

Smooth  slope  to 

Graile  nearly  uniform  to — 

Divide  on  spar  from  Monnt  VVa«libarn.... 

Camp  10 

Grade  tolerably  uniibrm  to — 

Camp  11,  on  Cascade  Creek,  near  the  falls 

CroHsing  of  Cascade  Creek 

Grade  nearly  uniform  to 

Grade  nearly  uniform  to 

Camp  12,  at  Mud  Geysers 

Grade  tolerably  uniform  to— 

Yellowstone  Lake,  at  head  of  river 


123.9 


Miles. 

Elevation. 

87.6 

6,500 

87.9 

6, 520 

89.2 

7,280 

90.2 

7, 200 

94.3 

8,800 

95. 2 

8.000 

95.3 

8, 700 

101.2 

8, 162 

106.7 

7, 979 

107.6 

7, 920 

107.8 

7, 600 

109.4 

7, 700 

109.7 

7, 940 

110.3 

7, 920 

110.9 

7,580 

112.9 

7.620 

113.4 

7,900 

113. 7 

7, 750 

116.7 

7,712 

7,800 


Route  from  Oallatin  City  to  the  Oeyser  BasiiMj  thence  across  to  the  Mud 

OeyserSj  on  tlie  Yellotcstone. 


Gallatin  City,  (Three  Forks  of  the  Missouri) 

Gra<le  perfectly  uniform  in  Madison  River  bottom  to — 

Camp  26,  on  Madison 

Grade  jMirfectly  uniform  in  river  bottom  to    

Grade  somewhat  irregular  to — 

Camp  25,  on  Cold  Spring  Creek 

Grade  tolerably  uniform  to — 

Divide  between  Cold  Spring  and  Hot  Spring  Creeks. 


Grade  smooth  to 

Grade  tolerably  smooth  to — 

Divide  between  Hot  Spring  and  Meadow  Creeks. 


16.5 
20.4 

27.7 

29.8 

36.1 

37.8 
38.6 
39.3 
42.5 

61.3 

71.3 

80.5 
80.6 

82.9 
88.0 
88.5 
88.9 

Tolerably  uniform  ^ade  to 93.9 

Grade  perfectly  uniform  to — 

Camp  19,  at  foot  of  Middle  Cafion,  near  Madi&on  Yaei& .\     ^^''^^ 

Grade  ratber  irregular  to —  \ 

Camp  18,  in  middle  of  cafion A  "V^^*^ 


Camp  24,  on  Meadow  Creek 

Grade  perfectly  smooth  to — 

Camp  22,  opposite  Virginia  City,  on  Madison. 
Grade  uniform  to — 

Camp  21,  at  mouth  of  Indian  Creek 

Grade  uniform  to 


Grade  tolerably  uniform  to— 

Camp  20,  on  Madison 

Grade  good  to 


Eleva- 
tion. 


4, 132 

4, 360 
4,800 

4,769 

5,400 

5,050 

5,640 
5, 520 
4, 980 
4,932 

5,214 

5, 524 

5, 700 
5,900 

r  ^T"  '1 

5,  *  i->'> 

r>,  300 

6, 200 

6,  r,oo 

6,  KX) 
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Route  from  Gallatin  City  to  the  Geyser  Basins^  d:c. — Continned. 


lirade  irregular  to 

Orado  perlectly  niiiform  to — 

Camp  17,  at  head  of  Middle  Caiion 

Grade  jierfectly  nuifonn  to— 

Camp  IG,  on  MadiHon 

Grade  nearly  uniform  to — 

Foot  of  Upper  Cai\on 

Grade  perfectly  uniform  to — 

Camp  15,  at  mouth  of  Gibbon's  Fork 

Very  irrepjular  grade  to — 

Head  of  Upper  Cafiou 

Grade  perfectly  uniform  to^ 

Camp  14,  in  Lower  Geyser  Basin 

Grade  perfectly'  uuiform  to — 

Camp  13,  on  East  Fork  of  Fire-Hole  River 

Divide  between  Madison  and  Yellowstone 

Grade  irregular  to 

Grade  irregular  to — 

Camp  12,  at  Mud  Geysers,  on  Yellowstone  River 


109.4 

119.6 

132.4 

136.4 

145.1 
146.0 

148.7 

152.  d 

157. 7 
161.0 
163.1 
165.8 
166.2 
170.0 
170.6 
171.0 
172. 0 

175.3 


Eleva- 
tion. 


6,520 

6,56d 

6,605 

6,790 

6,811 
7,200 

7,240 

7,252 

7,297 
7,400 
8,240 
8,240 
7,960 
7,910 
7,740 
7,9»?t) 

7.700 
7, 712 


The  ordinary  meteorological  observations  were  made  hourly  in  cauip. 
They  will  be  found  printed  in  full  in  the  bulletin  of  meteorological  obser- 
vations. 1  will  make  a  sliort  rOfiume  of  them.  They  were  made  at 
various  altitudes  above  the  sea-level,  from  4,000  to  8,000  feet. 

At  Fort  Ellis,  elevation  4,935  feet,  the  mean  temperature  during  the 
first  three  weeks  of  July  was  07^.01,  maximum,  OO^.Tj  minimum,  33^.0; 
lowest  relative  humidity  ,21, 

On  the  1st  of  July,  there  occurred  a  heavy  snowstorm,  in  which  about 
four  inches  of  snow  fell,  which  melted  on  the  following  day. 

On  the  17th,  there  was  a  smartshowerof  hail.  The  minimum  temper- 
ature, at  night,  at  an  altitude  above  5,000  feet,  was  rarel^^  above  oii-. 
The  lowest  temperature  ex|)erienced  during  the  trip  was  in  the  camp  at 
the  mouth  of  Gibbon's  Fork,  elevation  0,811  feet,  12^,  in  the  latter 
part  of  August.  At  the  head  of  tluV  West  Gallatin  River,  elevation 
(>,149  feet,  the  minimum  thermometer  indicated  14^.,  17^.,  17^.,  on 
three  several  nights  in  the  latter  part  of  September.  Maximum  temper- 
atures, during  the  day,  ranged  from  ijo^  to  93^,  indicating  a  great  range 
of  temperature  during  the  day. 

The  range  of  relative  humidity  is  also  very  great,  reaching,  near  the 
middle  of  the  day,  as  low  as  .30,  and  on  several  occasions  even  lower. 
The  lowest  relative  humidity  recorded  during  the  trip  was  .22.  Most  of 
the  rain  which  we  experienced  during  the  season  was  in  the  form  of 
showers,  which  were  of  tolerably  frequent  occurrence,  but  very  few  long 
storms  occurring  during  the  season. 

A  storm  of  rain  and  hail  of  two  days'  duration  was  experienced  at 
Yelhiwstone  Falls,  near  the  end  of  July.  A  heavy  snow  storm,  in  which 
lour  iiKihes  of  suow  M\,  oc,^v\tw(^v^x\Xl^\^LV^^v!).^^\.Vv^\Yest  Gallatin,  near 
the  eiul  of  SeptemV^ew 
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In  common  wjth  two  other  members  of  the  party,  I  had  rather  a  sin- 
gular experience.  We  were  ascending  a  mountain  near  the  Gardiner's 
Kiver  Springs,  called  on  the  map  Electric  Peak.  I  quote  from  my  notes 
written  on  the  following  day :  A  thunder-shower  was  approaching  as 
we  neared  the  summit  ot  the  mountain.  1  was  above  the  others  of  the 
party,  and  when  about  50  feet  below  the  summit  the  electric  current 
began  to  pass  through  my  body.  At  first  I  felt  nothing,  but  heard  a 
crackling  noise,  similar  to  a  rapid  discharge  of  sparks  from  a  friction 
machine.  Immedijitely  after,  I  began  to  feel  a  tingling  or  pricking 
sensation  in  my  head  and  the  ends  of  my  fingers,  which,  as  well  as  the 
noise,  increased  rapidly,  until,  when  I  reached  the  top,  the  noise,  which 
had  not  changed  its  character,  was  deafening,  and  my  hair  stood  com- 
pletely on  end,  while  the  tingling,  pricking  sensation  was  absolutely 
painful.  Taking  off  my  hat  partially  relieved  it.  I  started  down  again, 
and  met  the  others  25  or  30  feet  below  the  summit.  They  were  affected 
simiharly,  but  in  a  less  degree.  One  of  them  attempted  to  go  to  the  top, 
but  had  proceeded  but  a  few  feet  when  he  received  quitea  severeshock, 
which  felled  him  as  if  he  had  stumbled.  We  then  returned  down  the 
mountain  about  300  feet,  and  to  this  point  we  still  heard  and  felt  the 
electricity. 

I  have  received  returns  of  meteorological  records  kept  at  Bozeman, 
Montana,  by  Mr.  Peter  Koch,  a  thoroughly  reliable  observer.  These 
records  are  published  in  full  in  our  annual  bulletin  of  meteorological 
observations  for  1872.    From  these  I  deduce  the  following  results : 
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Mr.  Koch  records,  on  the  10th  of  December,  "two  distinct  shocks  of 
earthquake,  at  4.30  p.  m.,  and  on  the  Ilth  one  shock,  at  6.30  a.  m.  All 
the  shocks  were  from  west  to  east.  They  were  more  violent  at  Helena 
and  Deer  Lodge  than  here.'' 


NOTES  ON  THE  CLIMATE  OF  MONTANA. 

By  Mk.  Qbanvillb  Stuast,  of  Dtar  Lodge,  Montana  Ttrriiory, 

The  winter  of  1867-'58  was  very  mild.  Snow  did  not  lie  longer  than 
a  few  days  in  any  of  the  principal  valleys.  The  cold  was  not  intense, 
except  for  a  few  days  in  December  and  January.  Cattle  and  horses  in 
the  open  air,  and  without  any  food  or  shelter  except  such  as  they  got 
on  the  prairie,  gained  steadily  in  flesh  all  the  winter,  and  came  out  fat 
in  the  spring. 

The  winters  of  1858-'59  and  1859-'60  were  very  similar,  averaging, 
probably,  a  little  colder,  and  with  a  little  more  snow,  but  quite  pleas- 
ant in  the  main. 

The  winter  of  1860-'61  showed  a  gradual  increase  of  cold  and  snow 
over  former  years,  but  still  stock  did  well;  and  the  winter  would  not 
have  been  called  a  bad  one  in  Iowa  or  Illinois. 

The  winter  of  18Gl-'62  was  one  of  great  and  unusual  severity,  snow 
falling  to  a  depth  of  from  six  inches  to  two  feet,  varying  in  different 
valleys  and  in  different  parts  of  the  same  valley.  I  have  observed  that 
the  fall  of  snow  is  very  capMcious  and  irregular ;  for  instance,  the  de- 
posit of  snow  in  a  given  locality  may  be  quite  small  during  a  bad  winter, 
while  in  the  following  one,  even  though  much  milder,  the  snow-fall  at 
that  point  will  be  double  or  treble  as  much,  while  other  points,  which 
had  deep  snow  during  the  first,  will  be  comparatively  free  from  it  dur- 
ing the  second  winter.  This  is  especially  noticeable  in  the  higher  val- 
leys and  in  the  passes  leading  from  one  to  another. 

The  winter  of  1862-'63  was  quite  as  mild  as  that  of  1857.-'58,  and 
throughout  the  country,  as  far  as  Salt  Lake,  it  was  even  milder,  for 
wagons  drawn  by  both  horses  and  oxen  made  two  trips,  in  mid-winter, 
from  Bannock  City  to  Salt  Lake  City  and  back,  with  heavy  loads,  and 
without  being  incommoded  by  snow  or  severe  cold.  They  crossed  the 
main  range  of  the  Rocky  Mountains  (by  the  Medicine  Lodge  Pass)  and 
the  Porte  Neuf  Mountains  twice  on  each  tiip,  and  without  any  other 
food  for  their  animals  than  bunch-grass.  This  is,  however,  a  feat  that 
has  not  been  accomplished  since,  many  parties  having  lost  large  num- 
bers of  cattle  and  mules  in  trying  to  make  one  trip  in  each  of  the  three 
succeeding  winters.  The  lowest  temperature  in  Deer  Lodge  during  this 
winter  was  12^,  which  was  during  a  snow-storm,  on  the  23d  or  24th  of 
October. 

The  winter  of  1863-'64  was  but  little  inferior  to  the  preceding  one, 
snow  lying  but  a  few  days  at  a  time  in  the  valleys,  although  it  was 
quite  deep  on  the  mountains,  and  the  weather  averaged  somewhat 
colder.  A  severe  storm  of  wind  and  driving  snow  occurred  on  January 
7,  in  which  the  temperature  fell  to  — 33^,  but  the  cold  snap  lasted  only 
about  a  week. 

The  winter  of  I864-'65  showed  an  increased  degree  of  cold  and  snow 
again.  The  temperature  fell  to  — 34^  on  one  occasion,  while  during  De- 
cember and  January  the  cold  was  severe ;  but  the  snow  was  not  iis^'^ 
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until  March,  during  wbich  month  more  fell  than  in  all  the  rest  of  the 
w  inter,  and  the  minimum  temiierature  was  — 21^.  Stock  did  well  enough 
without  any  feed  during  this  winter. 

The  latteV  half  of  the  winter  of  18C5-'66  was  quite  severe,  snow  lying 
in  the  vaUeys,  wliile  the  lowest  temperature  was  — 3iP.  ]So  stock  died, 
however,  although  none  were  fed. 

Tlie  winter  of  1866-'67  was  very  mild  until  the  24th  of  December, 
with  no  snow,  but  from  this  time  until  April  it  was  the  worst  winter 
ever  known  in  the  Territory.  Snow  fell  to  a  considerable  depth  in  all 
the  valleys,  and  was  accompanied  by  a  very  long  spell  of  continued 
cold,  varying  — 10^  to  — 32^.  The  month  of  March,  in  particular,  was 
absolntely  terrific,  on  twenty-eight  out  of  thirty-one  mornings  the  tem- 
perature being  below  zei-o,  being,  I  believe,  without  precedent  in  any 
other  country.  Yet,  strange  and  almost  incredible  as  it  may  appear, 
scarcely  any  cattle  died,  although  few  of  them  had  any  feeil  or  any 
shelter  other  than  the  willows  along  the  streams.  No  horses  died, 
although  they,  too,  bad  to  subsist  on  the  range  all  winter. 

The  winter  of  ISGI-'CS  was  comparatively  mild,  with  but  little  snow ; 
coldest  day,  — 30^ ;  no  suffering  among  stock ;  grass  abundant  and  not 
covered  by  snow;  no  sleighing  in  Deer  Lodge  at  any  time  dnring  the 
winter;  valley  dry  and  dusty;  the  same  being  the  case  in  nearly  all 
parts  of  the  Territory. 

The  winter  of  186S-'69,  as  those  of  1857-'58  and  1862-'63,  was  very 
mild,  being  almost  no  winter  at  all,  when  the  latitude  and  altitude  are 
taken  into  consideration.    Ko  snow  of  any  consequence. 

The  winter  of  1869-70  was  quite  mild,  with  little  snow  in  the  valleys, 
and  little  hay  was  used. 

The  winter  of  1870-'71  was  also  open  and  pleasant  Stock  kept  in 
g  )od  condition  on  the  range. 

The  winter  of  1871-72  was  a  very  severe  one,  commencing  with  a 
tcrrilic  sUnin  of  wind  and  snow  on  the  23d  of  November.  The  greatest 
(l(*|)tli  of  snow  in  Deer  Lodge  at  any  time  was  12  inches.  The  deptb, 
however,  on  tin?  mountains  was  very  great.  The  loss  in  cattle  could  not, 
however,  have  exceeded  2  per  cent,  of  the  number  in  the  Territory,  for 
a  lar^e  part  of  the  hay-crops  of  the  three  previous  years  was  on  hand. 
Hen(!(»  there  was  but  little  suliering  among  stock,  except  in  a  few  local- 
ities au<l  among  herds  of  Texas  cattle  driven  in  during  the  fall,  which, 
])eing  thin  in  iiesh  and  not  accustomed  to  snow  and  cold  weather,  suf- 
fered severt^ly. 

By  using  a  little  care  and  foresight  in  preserving  the  hay  and  straw 
that  can  be  aceninulated  with  but  little  labor  and  expense  during  the 
mild  winters,  all  danger  of  loss  of  stock  during  severe  seasons  will  be 
avoided. 

It  seeujs  that  our  hard  winters  come  exactlv  five  years  ai)art;  for 
instance,  those  of  18G1-T)2, 18G7- (>8,  and  1871-72  were  all  severe,  while 
the  intermediate  ones  were  all  ver^'  mild. 

Tlie  snow-fall  at  Deer  Lodge  (latitude  about  40°  27';  altitude  above 
sea,  4,708  feet)  for  the  last  five  years  has  been  as  follows: 

In  the  winter  of  18()7-'C8, 20^  inches,  in  seventeen  storms,  not  including 
what  melted  as  it  fell.  Greatest  depth  at  any  one  time,  2^  inches.  In 
the  winter  of  18(>8-VJ,  liV^  inches,  in  fourteen  storms.  Greatest  depth, 
2  inches.  In  the  winter  of  18(il)-'70,  29/j'\j  inches,  in  twenty-six  storms. 
Greatest  depth  at  any  time,  4  inches,  and  that  for  a  few  days  only.  In 
the  winter  of  18T(U'T1,  4.j^\f^  inches,  in  forty-seven  storms.  Greatest 
depth  at  any  time,  6  \\\<iWs.  \\\  W\^,  \\\vA.^\  viS.\^"^\-5';'l^"^(>»44^  iucbes,  in 
lor ty-ei ght  storms.    Oie-Al^^t,  Oi^\A\\  vvV  ^\\^  Xxm^^  Yl  w^v^s^^. 
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The  meaa  temperature  at  Helena,  Montana,  for  1866,  was 44.5 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1868 40.5 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1869 4'i.9 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1870 42.1 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1871 42.5 

The  mean  temperature  at  Helena,  Montana,  for  January,  1867  . . .  17.9 

The  mean  temperature  at  Helena,  Montana,  for  February,  1867..  18.0 

The  mean  temperature  at  Helena,  Montana,  for  March,  1867 5.9 

The  mean  temperature  at  Helena,  Montana,  for  April,  1867 ..  44.8 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  November,  1867  30.5 

The  mean  temperature  at  Helena,  Montana,  for  December,  1867. .  25.2 

The  fall  of  rain  and  melted  snow  at  Helena,  in  1866,  inches 22.96 

The  fall  of  rain  and  melted  snow  at  Deer  Lodge,  in  1870,  inches. .  16.50 

The  fall  of  rain  and  melted  snow  at  Deer  Lodge,  in  1871,  inches. .  15.74 

The  average  fall  of  rain  and  melted  snow  at  Deer  Lodge  for  four 
years,  19.11  inches. 

A  series  of  observations  shows  that  Missoula  County,  Montana,  (alti- 
tude 3,300  feet,)  enjoys  an  average  temperature  of  5^.5  higher  than  Deer 
Lodge,  and,  judging  by  farm  products,  this  is  .about  the  annual  mean  of 
the  large  valleys  of  Sun  Elver,  Missouri,  Gallatin,  Jefferson,  Madison, 
Stinking  Water,  and  Beaverhead.  It  thus  appears  that  by  far  the  greater 
part  of  the  Territory  has  an  annual  mean  temperature  of  about  48^. 


RESUME  OF  METEOROLOGICAL  OBSERVATIONS  TAKEN  AT 
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Mean  daily  and  minimum  temperatures  during  the  winter  of  1871-'72. 
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SNAKE  KIVER  DIViaiON. 

LUt  of  latitvdes  determined  a»ironomically. 


Camp   9 43    t 

ll)anda4 U 
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32 34  25 


Camp34 44  25  2 

35 20  2 

3fi ^ 20  3 

37 21  1 

38 I'J  1 

39 14  2 

40 8  0 

41 43  57  & 

42 51  3 

43 4ii  5 

44 39  4 

45 32  2 

46 29 

47 35  1 

48 44 

49 46  5 

50 47  5 

51 3!)  4 

52 36  8 

53 33  5 

BenlaLake 44    9  9 

MoDDt  Slieridan 44  15  Z 


MAGNETIO  TAXIATIOH. 

The  magnetio  Tariation  was  determiiied  by  observiog  tbe  azimutb  of 
Polaris  witb  a  WurdemaiL's  gradieiiter,  tbe  verniers  of  which  read  to 
single  luinates. 


place  of  obaerratLou. 

Date. 

Variation 
ea«t. 

July  19.1872 
Joly  24,  1872 
Aug.    4,  1872 
Ang.    5,1872 
Autr.     7, 1872 
Ann.    8,1872 
Aug.   14,1672 
Aug.  16,1672 
Sept.    7,1872 
Sept-  13, 1672 
Sept.  15, 1672 
Sept.  17,1672 
Sept.  24. 1672 
Sept.  27, 1872 
Sept.  28, 1873 
Sept.  30, 1872 
Oct.      6, 1872 
Oct.      7. 1872 
Oct.      9, 1672 
Oct.    10,ltf72 

20,  Titon  Canon,  twolvo  miles  weal  of  Mount,  Hayden 

17  55 
IS  15 

45,  Snake  Kiver,  nenr  month  of  Qroa  Ventrea  Creek  .. 

17  40 

52            .        ..  .:. 

17  50 
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Campi  of  Snake  Rirer  ditiiion. 
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lUga-atMien .. 


July  S  Id  July  3 
July  3(o.ln]y  li 
July  li  to  July  i:i 
July  WtoJiily  H 
July  Hlo-lnir  IS 
Jaly  IS  to  July  10 
,Tiily  IB«.Jiily  IT 
July  ITlaJiirvIO 
July  lUloJuly  aa 
July  30  tn  July  31 
July  !1  to  July  iH 


Anic.  IS  to  Sriil.  I 
Sept.  ItuSi'pt.  3 
Rcpt.  ShiAiM.  4' 
ecut.  4(a&vt.  B. 
Slgpt.  BluRi'pt.  U 
Bunt.  0  to  Sciit.  10 ' 

<   SF|it.iair>Sr|it.in 

I  .  Kept.  l:ltaS<-]ii.  N  ' 


Kpl'DOy  B  »tBBO.K _ 

CorpcuMr'*  nMKe-ntaligD 

PDrlNeurRivur,  atluudofMBon 

Pouatilla  stHKiMiutioti 

Fort  Hall.  iSlho 

Ulgluua'a  RiDBb,  on  Blaakfbol  Blier 

bmul  Cr»Dk.  guiitli  of  Taylor'i  brideu 

Snako River,  SmlleaaboTa  Taylors brlilge... 

Murkflt  Luke,  itiieB-atatlaa 

(Imter  Hnttui,  near  nanll)  of  Henry's  fork , . . 

Eulu  Nuat  Fuid,  aoTOM  Uenry'ii  C^k 

Kail  Kivor.  4  lallni  BboTe  moQIh 

SniftUirpok.neirTttOTBinT"'.";"'!;'."" 


HlUmk... 


t  of  Uoune  Hsyiien. 


Fir»t  mmp.  Lower  (^yiwr  Basin 

Scuonil  ciiiuii.  l.awnr  UcyaerUasia 

UrniFr  flnyiwr  Itailin 

Fvp-Qnlr  Ittvor.  fi  miles  aboie  camp  33 

UtHul  of  Flnt-Uuln  lUrcr 

lVnitml(ifniuw1u>iieI.aka.<G«;MrBa>ln). 

East  FUil  of  EShoalicHio  Laka 

T.,i<irla  r,nkp 

Li'wia  Fork.  3  niirpa  U-kiw  Inko... 


iHK»i'kiiiiil»liukuUIVL' 


>u  ulaciiT  laki-s  . . 
-  UlariCT  lake*. 
i'i>Cr«k 


4!»3 


■"■  '^ 

I,   11 

1 

Hcnr 

's  Liikc  ,  . 

Projih  of  Hinry'x  Fork. 

i;.44J 

i,U-,.... 

Profile  of  Snake  River,  from  hettdicattrs  of  Lewis  Fork  to  Sfoner'n 
Stafioji. 
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At  camp  39 7,742 

Falls,  ti)p 7,5li>3 

Falls,  bottom , 7,468 

Falls,  2i  miles  below 7,110 

Two  miles  above  camp  40 6,910 

Mouth  of  Lewis  Fork 6,870 

Jacksou's  Lake 6,806 

Seven  miles  above  camp  44 6,685 

At  camp  44 6,429 

At  camp  45 6,227 

At  camp  52 5,0:J0 

At  camp  12  ..-•. 4,825 

At  Taylor's  Bridge 4,814 

At  Stouer's  Stage  Station 4,621 

Profile  of  Falls  Elver. 

Head 7,580 

Benla  Lakes 7,525 

Rapids  below  lakes ^ 7,455 

Falls,  3  miles  below  lakes 7,300 

Main  falls,  top 7,047 

Main  falls,  bottom 6,902 

At  camp  22 5,668 

At  camp  16 5,116 

Shoshone  Lake, Geyser  Basin, average  elevation 7,900 

Solitary  Geyser,  (on  Fire-Hole  River,)  above  the  Upper  Geyser  Basin 7, 772 

The  above  is  the  average  elevation  of  the  hot  springs  in  that  neighborhood. 
Hot  Sulphur  and  Mud  Springs,  between  the  Upper  Geyser  Basin  and  Henry's 

Fork 8,544 

Hot  Spring  east  of  camp  51,  on  Snake  River 5, 050 

Elevations  oflaJces, 

Shoshone  Lake 7,870 

Lewis  Lako r 7,750 

Upper  Glacier  Lake,  east  of  Mount  Hayden 6,950 

Lower  Glacier  Lake,  cast  of  Mount  Hayden 6, 945 

Jackson's  Lake »  6,806 

Upper  Lake,  at  head  of  Falls  River 7,541 

Lower  Lake,  at  head  of  Falls  River 7,525 

Luke,  one  mile  above  camp  31 7, 299 

Small  lakes  at  Twin  Buttes 7,608 

Small  lake  back  of  camp  31 7, 258 

Large  hot  spring  or  lake,  one  and  a  half  miles  above  camp  31 7, 3:55 

Madison  Lake 8,301 

Small  lakeat  foot  of  Red  Mountain 8,236 

Small  lake  between  Lewis  and  Yellowstone  Lakes 8, 001 

Upper  Lake,  north  of  camp  42 6,  lMi9 

Lower  Lake,  north  of  camp  42 6,951 

Elevations  of  mountain  peaJcs. 

Mount  Sheridan .0,343 

Red  Mountain 9,806 

Rocky  Buttes,  Falls  River  Pass 7,356 

Top  of  blutfs,  north  of  same 7, 772 

Lookout  Hill,  north  of  Shoshone  Lake 8, 257 

North  Twin  Buttes,  Lower  Geyser  Basin,  (on  main  range) 7, 962 

South  Twin  Buttes,  Lower  Geyser  Biisin 7,979 

East  Crater  Butto,  mouth  Henry's  Fork 5, 363 

West  Crater  Butte,  mouth  Henry's  Fork 5,425 

Bott-om  of  crater,  in  West  Butte 5, 217 

Mount  nayden,  or  the  Great  Teton,  v^as  measured  by  triangulation 
with  the  gradienter.  Three  different  triangulations  were  made  to  it 
from  diff*erent  points,  the  elevations  of  the  bases  above  the  sea  being 
determined  by  barometric  observations.  The  several  results  of  the  tri- 
angulations  are  as  follows :  13,858  feet,  13,705  fee»t^  1^^%^^  ^'^s^X** 
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The  first  triacgralation  was  made  ander  more  favorable  oireamBtances 
tbaii  the  others,  and  I  gire  it  a  double  weight ;  and  adopt,  therefore,  as 
the  elevation  of  Mount  Haydeo  above  tbe  sea,  13,833  feet. 

The  result  from  au  aneroid  reading  was  13,7&1  feet. 

Mouut  Moran,  (elevation  determined  by  triangulatioD,)  12,809  feeti 

Sawtelle's  Peak,  (nieasared  in  same  way,)  9,070  feet. 

Fosses  and  divides. 

Fert. 

Teton  PnBs • 8,464 

Tyj!Ui'0Pas8 7,063 

Water-slieil  between  Fire-Hole,  Snake,  and  Heuf's  Fork 8,761 

ContiDcntal  water-abed,  between  Yellowstone  and  Lewis  Lakes 8,021 

Bigh eat  point  ou  xLe  dividebetweeiithp£a«tFurk  of  tbe  Fire-Hole  and  Yetlow- 

Btone  Rivera 8,893 

Continental  divide,  between  the  Fir»-Hole  River  and  SliosUone  Lake 8,717 

Eastern  divide,  IVomlieiid  of  Falls  River  to  Snake  Kiver 7,594 

Southern  divide,  fifom  liead  of  Falls  River  to  Snake  River 7,533 

CoDtinental  divide,  between  the  Fire-Hole,  went  of  the  Lower  Qoytet  Basin 

and  Henry's  Fork 8,367 

Divide  between  Malode  River  and  Marsh  Creek 5,651 

From  the  hourly  barometric  observations  at  Fort  Hall  I  have  cod- 
sti'ucted  tbe  following  mean  monthly  curves  of  horary  oBcillations  f^m 
7  a.  m.  to  9  ]>.  m.,  for  the  months  of  June,  July,  Angost,  and  September : 
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The  mean  temperature  from  June  4  to  25 640.63 

The  mean  temperature  from  July  13  to  31. 70O.44 

The  mean  temperature  for  Angnst 70o.90 

The  mean  temperature  for  September 57o.71) 

The  mean  temperature  from  October  1  to  18 57^.28 
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Upper ,. (7 

Cretacious  (strata) 21,27,29,32,35,40,42,72,74,112,4^1 

age 4:i5 

at  Coalville 476 

forms 487 

rocks,  (section  of) 21,24 

species 474 

Crow  black-birds 667 

Creek 81 

Crj'stal  Falls 133 

Dakota,  agricultural  resources  ot 303 

ancient  mounds  of 655 

physical  geography  of 2S0 

Territory •. 277 

Daniers  lode 1(36 

DeviPs  slide... 40 

Diagram  of  barometric  oscillations 81(i 

the  phylogeny  of  the  mammalian  orders 648 

testudinata ^ 649 

Dikes 37,  (>8 

Dippers 671 

Dome  Mountain 40 

Ducks 703 

DuLuth "^^> 

Eaglc-nest  Ford ^Xio^ 

Eagles ^^ 

Earthquake  shocks —  | 
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East  Fork 45,47,49,54,58.59 

Pas«.    (S^  Tyghie  Pass.) 

Teton  Kiver.  .1 - 9i35 

Elx-rliardt  ]o<lc 165 

E;;j;.s,  li^t  of  birds* 704 

Elftrti'ic  Pe<ik. ......................................................... .  42  1*J1 

Ele  vat  ions  and  distances,  lists  of 94, 95. 284, 290, 799^  801,  ^'  -14 

Elk  Creek ^.4<0 

Elko  Station :^2 

Eniraa  lo<lc 10<> 

mines 17. 1<>7 

Emigrant  Peak 31.  ;K 

Eocene,  American,  identical  with  that  of  Europe :US 

Eruptions  of  geysers 14^,150,151,152.155 

Evanston :?37 

Extinct  gevser 45 

Fairy  Creek  147 

Fall 147 

Falcons ', G96 

Falls,  Crystal.    (See  Crystal  Falls.) 
Fairy.     (See  Fairy  Falls.) 
I^wer.    (Sec  Lower  Falls.) 
River.    (S<te  Pierre^s  River.) 
Tower.    (See  Tower  Falls.) 
Upper.    (See  Upper  Falls.) 

Fan  Geyser 236,240 

Fanuington ^17 

Favors,  acknowledgment  of - .  9 

Ferns 757 

Finger  Peak.    (See  Index  Peak.) 

Fire-Holo  Basin 141 

list  of  birds  found  in 712 

River 141,147 

Fishing  Creek 2"^ 

Fish-Pot,  (geyser) 53 

Ha;rsf  aft*  Mines 107 

Flathead  Indians 75 

Pass 73,74,75,84,432,4&t.4G7 

Flora  of  the  Aiiiericau  Eocene '^43 

Fly-catcbcrs,  Tyrant , OSO 

Fontaine  (]ni  Ijouillc ICKi 

Fort  Kliis 2-. 7-2 

Hall 18.57.  173 

Haikcr 470 

Fossils  from  the  Hitter  Creek  coal  series 477 

invertebrate 431 

new  sp(icies  of 470 

plants,  description  of ;d 

Fonntaiu  (ieyser 143,2;^^) 

I'rcsli- water  ernstacea 74G 

I'nnieroles lll'i 

I'nn^i 7!>J 

Fnn^oid  s))rin;;s 14*J 

Gallatin  Canon 31,3r>,77 

City 471 

ICast 74 

1  orK.  (or  Kiver) ID,  25, 27, 59. 03,73,77, 79,  431,  40:^  li^ 

Mount ;>-.  59.  -I 

Kan^-e 27,29,31,(11,05,73.74,-4 

Valley 20,27,42,00,(^,71 

Gannett,  I f.,  ri'}»ort  of,  on  astronomy  and  bypsonietry 79.') 

Garden  of  tin*  ^ods \ 1(»I 

Ciardiin'r's  Iii\  i-r 43,  50,  .j4,  5r»,  TiU 

(»eolo«^y  and  pal<.'ontolo«ry :)\o 

Geological  report  of  II.  M.  Bannister ^yVJ 

F.  H.  IJradlev IW 

F.  V.  Ilayden 12 

Geyser.  Architect vwaY * 234 

Basin,  Lower ....• 53, 112 
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Geyser  Bafin,  New 4 

ShoslioDO  Lake 944 

Basius 54,55,58,07, 14>< 

Beehive  148,140 

Black  Sulphur..., 240 

Castle 53,148,149 

Creek 248 

Extiuct 45 

Fan 118 

Fountoin 14)5, 23() 

Giaut 54, 14S,  1^2,  \i:i() 

Giantess 148,149, 2:U), -J-IO 

Grand .148, 151,2:'.(i,240 

Grotto ...54-148,154 

Iron-conch • 247 

Jet 14.^ 

Minute-man 245 

Mud 138 

Ohlong 155 

Old  Faithful 148,241 

Riverside 143 

Saw-mill 152 

Shield 240 

Soda 14H 

Solitary 242 

Turban 148,151,236 

Twin 24G 

White  dome 2'J9 

Geyserites,  analyses  of 145,140,151,153,154,156,158 

Geysers 45,53,143,148,234,248 

Eruptions  of 148,150,151,152,156 

Giant  Geyser 54,148,152,2:56 

Giantess  Geyser 148,149,236,240 

Giants' Cauldron 140 

Gibbon^s  Fork 55 

Goat-suckers 692 

Golden  City 375 

Goose  Creek 204 

Gourd  Spring 142 

Grand  Canon 13,50,51 

Geyser 143, 151,2;{6,210 

T<5tons 214 

Grasses 785 

Great  Fall  of  the  Missouri 82 

Fountain  Geyser.    (See  Fountain  Geyser) ■  143 

Green  River  Station 336 

Butte,  north 2(55 

sou  th 26i; 

Gros  Ventres  Fork 20,21 

Grotto  Geyser 54,148,154 

Grouse a 698 

Gulls 704 

Ilacen,  H.,Odonata,by 727 

Halfway  Springs 147 

Hancock,  Alount 253 

Hare,  Little  chief 668 

Harper  Lode 166 

Hayden,  F.  V.,  letter  of,  to  Secretary 1 

quotation  from  former  report  of 20 

rex)ort  of 12 

Mount 89,223,256 

Havden'sFork 231 

Hawks 697 

Heart  Lake 253 

River 253 

Heights  of  peaks  and  divides 799 

Heintzleman  Lode 165 

Helena ^^ 

Henry's  Fork ^V^yc^,'^>a. 
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Henry's  Lake 56,57,61,2^5,228,407 

Pass,  (or  South  Pass) 3,57 

Hering  R.,  report  of,  on  meaus  of  access  to  the  National  Park 92 

Higham's  Peak 1 207 

Home  Lode 166 

Horn,  O.  H.,  Coleoptera,  by 717 

Hot  Spring  Cone ,.  53 

deposi ts,  analyses  of.    (See  Analyses . ) 

Mound 52 

Hot  Springs 51,52,54,122,128,135,175,230,261) 

catalogue  of 175 

elevations,  temperature,  and  character  of 122, 123, 135, 136, 137, 141, 142 

Humming-birds 61K5 

Igneons  rocks 34,:^ 

Illustrations,  list  of ix 

Index  Peak 47,  4d 

Indian  Creek 82 

Indians,  Uannock ^ 75 

Flathead 75 

Sionx 75 

Insects  inhabiting  Great  Salt  Lake 743 

now 728,729,739 

Introductory  chapter  by  Dr.  F.V.  Hayden 13 

Iron-conch  Geyser 247 

Pot,  (basaltic  bowl  or  basin) 2^J8 

Spring  Creek 147 

Island,  Antelope 10, 18 

Church 16 

Jackass  Creek 65,84,162 

Jackson's  Hole 22,218 

Lake 2G1 

Little  Hole 267 

Jays 687 

JeHersou  Fork 64,82 

A^alley 65 

Jenny's  Lake 264 

Jet  Geyser .' 143 

John  Grjiy'sKivcr 2lJS 

Ju;;  ^Sluing 1 13 

Juiabsic,  (Htratii) 17,21,27,29,35,50,70,74,  111,  :.W 

u'^c 434 

species 471 

Kansas,  fossil-plants  from  the  Cretaceous  of . . ., 4*J1 

Kenilwortli  Castle  Butte 210 

Kidney  f^priug 143 

Kingfisbcrs OJ 

Kites 60^ 

Lake,  Bculah 257 

Clin* 61 

Fork 23,256 

valley  of "2:1 

Henry\s. 56,57,61,225,2:;>8,  467 

Jackson's 201 

Leigh's 2(i:J 

Lew  is's 240 

Madison •243 

Markr't )cO0 

Mystic 29,432,4ii5 

Kcjl-rock fiH,  r.7 

l^alt,  ((Jn-at) 10,  H 

Sawtcllc's 90 

Shoshone 4,24:J 

Ta«r;^art's ^^54 

AVacU's.  (Sec  Cliff.) 

Yelhnvsione 51, 23i? 

Laijgfonlj  N.  P.,  report  of,  on  the  resources  of  Snake  River  A^'alley 8t» 

Larks 6-5 

Ltidv,  Joseph,  on  Uemains  of  Primitive  Art  in  Bridger  Basin fOl 

Leigh's  Lake 2615 
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Leaqnereux,  Leo,  report  of,  on  Lignitic  formation  and  foseil  flora 317 

mnsci  by 788 

Letter  of  Dr.  F.  V.  Hayden  to  the  Secretary I 

Lewis  Lake 249 

Lil)erty  Peak 75 

Licbens 790 

Lignite-beds 20,83,:jn0 

origin  and  formation  of *^0 

Lignitic  basin,  northern 358 

of  Colorado..., :\64 

of  Now  Mexico 3o2 

deposits  along  the  Union  Pacific  Railroad 'Mi7 

formations  and  fossil  flora,  by  Leo  Lesquerenx 317 

''  formations 13,313,339 

western  considered  us  Eocene 339 

the,  its  applicability  and  areal  distribntion 'Xi8 

Lincoln  Valley 205,207,433,470 

List  of  astronomical  positions 7iH] 

birds  found  in  Fire-llole  Basin 712 

Teton  Basin 712 

Utah 713 

diagrams ix 

fossils  collected,  (by  F.  B.  Meek) 4f>3 

from  the  Cretaceous  coal  series  at  Coalville i76 

illustrations ix 

latitudes 813 

maps xi 

new  species  described vi 

Lists  and  descriptions  of  fossils,  (by  F.  B.  Meek) 431 

of  elevations  and  distances 284, 290, 799, 801, 804, 814 

Lodes,  (see  Alabama,  Clarke,  Daniels,  El>erhardt,  Emma,  Heintzelman,  Har- 
I)er,  Home,  New  Haven,  Parasol,  Pennsylvania,  Rea,  and  Valentine.) 

Lone  Spring 143 

Lower  Cafiou 30,35,62,63,66,434,471 

Falls 50,132 

Lumber ?9 

Lyon  Hill 16,433,468 

Madisou  CaAon 23 

Lake 243 

Pass .': 57 

Range 65 

River 23,54,55,57,60,79,466 

Valley 27,57,58,62,63,64,65,67 

Magnetic  variation 813 

MaladeCity 202,432,464 

Valley 19,201 

Mallophaga,  descriptions  of,  by  A.  S.  Packard,  jr 731 

Mammalian  orders,  diagram  of 648 

Mammals .'. 661 

Marine  cruHtacea ^ 744 

Market  Lake •  209 

Marmot,  yellow-footed 664 

Marsh  Creek.. 203 

Meek,  F.  B.,  paleontological  report  of 429 

Members  of  the  party 5 

Merriam,  C.  H.,  report  of 661 

Meteorological  observations  taken  at  Fort  Ellis 811 

Middle  Cafiou 46,47 

Fork 56,57,58,61,63,67,84 

Mill  Creek 117 

Minerals,  catalogue  of 179 

list  of 104 

new 153,169 

Mines,  Cherry  Creek ^ 66,165 

Emma 17,107 

Flagstaff 107 

Silver 16,47.107 

Shower 166 

Star ^SSl 

Mining  districts  on  Clark's  Fork .* ..^..^....ti?-.-^ ^*^ 
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BrKlynr 

•  G«llatin 
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li»Uiin)i  Htvxir ... 
Soatb  UnnUlar.. 

TctoB 

WobMtdi 

WindKiver 
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"MnsbPot" 

MjstioLiiko 94.4 

Natioiinl  Park « 


I,  nKriciiltiiral  resources  uf ...... 

puyBiciil  ijeograpby  uf ...... 

Hew  CalSou 

llavBii  Lodu 

Mexico,  liKUitic  liasiD  of 

Nortlinest 

species  dettcribeJ,  list  of 

of  foBsiis 

Niagara  group 

Nortli  Gros  Ventre  Itutto i 

Pass.    {See  Rnj'iiolds  Paaa.) 

Kut.bntclii'S . ., 

Ook-lcaf  Sjiriiig 

Oblong  Guyser 

Otionata,  b;  H.  Hagcn 

0(t«l«"- 

Canon  

Cteek 

Old  Bald>^(p^k).'^^"^^^^^^^^^*^.^^'^^^".^^^^'^'^^^'.^"!- '.".".  ^".".V63,"64,'83, 4 

Paitliful,  (goyscr) ....... .       ] 

eruptions  of . .... 

Olney,  S.  T.,  Cyi>lieraoe«  by 

OpliitCaftow ., 

OciHVtrtl  iVoiHiVAWia,...-.^. 

iteiaie*.-- • *'■•=  
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Orthoptera,  notes  on,  by  C.  Thomas 719 

Owls 095 

Packard,  A.  S.,  jr.,  descriptions  of  Miillophnga  by 731 

new  insects  by 739 

parasitic  worms  by 735 

insects  inhabiting  Salt  Lake,  <&c.,  by 743 

"Paint  Pot" 130 

Palace  Butte 76 

Caaon 35, 76  • 

Paleontological  report  of  F.  B.  Meek i...  4*29 

Parasitic  worms 735 

Parasol  Lode 16G 

Park,  National.    (See  National  Park.) 

Parti 12 

II 315 

III 659 

IV 793 

Party,  members  of  the .  5 

Pass,  Bozeman 28,75 

Bridgcr 74,75 

Clark's 47 

Creek - - 229 

Flathea'd'.'.V. V.V.'.V. v.. V. V.'.V * .' '.','.'. * .' .' ! .' .' .' '. ' " * ." ." ! .' .* .' .'.'73,'74,"75,'84,' 432, 464 , 407 

Henry's  or  Sonth 3,57 

Madison 57 

Raynolds 23,57,61,228 

Red  Rock  or  West 57,228 

Tyghee  or  Targhee 56 

Union 74, 75 

Passamari  Creek 63,64 

Passes,  elevation  of ^ 3 

Peak,  Basaltic 55 

Bridger 29 

Doauo 50 

Electric 42,121,807 

Emigrant 31,:^3 

Finger.    (See  ludex  Peak.) 

Higham's - 207 

Index  or  Finger 47,48 

Laugford 50 

Liberty .» 75 

Ogden U*2 

OldBaldy 63,64,83,434,408 

Pilot 48 

Pomeroy 50 

Pyroxene 63 

Sawtell's 226 

Sphynx 79 

Twin 16 

Union 29 

Peale,  A.  C,  report  of 97 

Pcalite 153 

Peck,  Cbas.  H.,  Fnngi  by 7l>2 

Pennsylvania  Lode Iti6 

Phalaropes 701 

Phylogeny  of  the  Mammalian  orders 645 

Tcstudinata 648 

Physical  ijeography  of  Minnesota,  Dakota,  and  Nebraska 280 

Pierre's  (Falls)  River 213,223,257 

Hole,  (or  Teton  Basin) 22,214,207 

Pilot  Peak 48 

Plants,  fossil,  descriptions  of 371 

from  Cretaceous  of  Kansas 421 

table  of  distribution  of 410 

catalogue  of 7.'i8 

found  on  both  slopw,  (list) 753 

only  on  the  eastern  slope,  (list) 755 

only  on  the  western  slope,  (list) '^^'^^ 

phccnogamous,  districts  of **^x 

Plovers ^*^ 
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PnoKene  Poak..*.^.....  ...... ••..* .. ....'^  63 

Qna»eeGmip ...49;.]S^9ll.fiita%flB.9ai 

SnbbU,  fiinr^s * --^ 687 

jaduMtorinale ..^  6K 

Badcfsboffgb ..— # ...................;..•....•...•  9 

BwlmidstoHAtionnlFHk. »  Sli 

Bails  ....* -...—.  768 

B^nd  Branch.. « 29 

Bat,  If  onntain  Podul — ^  Mo 

Baton  Ifonstauia ..—      318^379 

Baynolda,  Captain  Williaic  P .«.  19 


Bealode ......V 166 

Bed  Monntain  Bai^ .^ —    ,  251 

^••▼rap.*  .•.•..•.»••>..«.«....••>*..«•...  ..........  .... .........«k..«.^. -.  I  zcz 

YaUej -.......-.....^i.^    -  JM 

Bode  Creek 61 

LiAo-. .^ m,Sf 

Fam :..... ,     m^m 

Bemains  of  primitiTe  art  in  Bridfer  Baain ^.. ......*  651 

Beport  on  astronomy  and  bjpeometij,  bj  H.  Cbumatt .......*..^.  '^  796 

of  H.  M.  BanniatCT  of  a  g»w4ogical  lecomiai— inee  alopg  IJ^V^m 

Padfie  Bailioad .TTTTT. .....71™.... SH 

F.  H.  Bradlej,  mdogieal .........  m 

E.D.  Cope  onfiw-eztiDctTflrtebrataof  liwEoeeiia^  WyoBP^ff.  645 

J.  K.  Coulter  on  twtany ..-...^....  M 

H.  HMran  on  the  Odonata IV 

F.  V.  Hayden,  United  States  Geologist,  geological 12 

B.  Heriiig  on  the  means  of  access  to  t  he  NatioDal  Park 91 

G.  H.  Horn  on  the  Coleoptera 717 

N.  P.  Langford  on  the  resources  of  Snake  River  Valley 86 

Leo  Lesquerenx  on  the  Ligoitic  formation  and  fossil  flora 317 

F.  B.  Meek,  paleontological 4*20 

C.  H.  Merriam  on  the  mammals  and  birds ftjl 

A.  8.  Packard,  jr.  on  new  species  Mallophaga 7;51 

parasitic  worms 735 

insects 738 

insects  inhabiting  Great  Salt  Lake  and  other 

saline  lakes 743 

A.  C  Peale,  on  mineralogy  and  lithology 99 

C.  Thomas  on  physical  geography   and    agricnltoral    resources, 

Minnesota,  &c 275 

ancient  monnds  of  Dakota €5^ 

Orthoptera 719 

Keports,  special,  on  zoology  and  botanv 658 

KiddloLake 25€ 

River,  American  Fork 16 

Barlow's 232 

Boar : 199 

Bechlei*^s 244 

Big-Horu 70 

Blackfoot  Fork , 207 

Buffalo  Fork 261 

Clark^s  Fork 46,47,48 

East  Fork 45,47,49,54,58,59 

East  Teton 265 

Falls.    (See  Pierre's.)  ^ 

Fire-Hole 141.147 

Fontaine  tvui  Bouille 102 

Gallatin V^.^^^Xi.^^.<5a,7^,Tr,79,43l,463,467 
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River,  Gardiner's 43,50,54,55,00 

Gibbon's  Fork 55 

Gros  Ventre  Fork 20,41 

Heart 253 

Henry's  Fork 21,50,212 

Jefferson,  (fork) 64,p'2,087 

John  Gray^s 208 

Eames.    (See  Smith's.) 

Lake  Fork 23,250 

Madison 23,54,55,57,60,70,400 

Middle  Fork 40,47 

Mississippi 1 2??2 

Missouri 0^,70 

Pierre's,  (or  Falls) 213,223,257 

Red 2?-2 

Ross's  Fork 205,4:53.470 

Snake 18,21,22,36,209,202,209 

Salt 209 

Shield's 27, 29, 30, 32, 74,  >^4 

Smith's  (or  name's) 25 

Spring  Fork 224 

Teton 215 

Tongue 32 

Yellowstone 31,32,54,79 

Rivers,  sources  of  the  great 4 

Robin 070 

Rock  Creek 32,35,37,38,48,4^5 

Rocks,  catalogue  of lf;0 

igneous 34, 30 

volcanic 3;?,  31^,39 

Rosebud  Creek 32 

Rosette  Spring 240 

Ross'sFork •....  205,433,  170 

Routes  to  the  National  Park H02 

Salmon  River  Mountains 15 

Salt  Lake 10,18 

City 17 

insects  inhabiting 743 

Valley 18 

River 209 

Sand  Creek 2'»3 

hills 2il 

Saw-mill  Geyser 152 

Sawtclle's  Lake 90 

Peak 220 

Saxicolas 071 

Second  Canon 31,35,40 

Sections  of  strata 20, 21, 41, 71, 72, 73,  HI,  113, 121, 127, 162, 104, 172, 193, 219 

2(54, 266, 319, 320, 323, 325. 335, 330, 338, 439, 444, 451 

Seven  Hills 54 

Sheridan,  Mount 250;252 

Shield  Geyser 240 

Shield's  River 27,29,30,32,74,84 

Shoshone  Lake 4,243 

Geyser  Basin 244 

Shrikes 077 

Silurian,  (strata,  &c.) 15, 17, 19, 31, 42, 49, 57, 59, 63, 69, 73, 74, 75, 260, 207 

age 431 

forms 479 

species 403 

Silver  mines 16 

Shower  mine 106 

Star  mine 107 

Sioux  Indians 75 

Skunk,  California 002 

little  striped 1 002 

Slough  Creek ^^^ 

Smith's  (or  Kame's)  River ''^^^ 

Snake  River ,. \^,StV>JW^>'»^>'^^^''^^ 
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Snake  River  Basin 15,36,57 

Valley,  report  by  N.  P.  Langford  on  resources  of 86 

Soap  Kettle  Spring 246 

Soda  Butte 45 

Geyser 14?i 

Solfataras i:i5 

Solitary  Geyser 242 

South  Gros  Ventre  Butte 266 

Park 371 

Pass.    (See  Henry's  Pass.) 

Platte  to  Cheyenne 327 

Spanish  Creek 77 

Sparrows 678 

Spermophile,  Townsend's 664 

Spring,  Boiling 54,102 

Bulging 246 

Canon 30,77,113,404,435,473 

CoralPool 247 

Creek 28 

Pork - 224 

Giant's  Cauldron  .' ! .'  140 

Gourd 142 

Jug 143 

Kidney 143 

Lone 143 

Mush-pot i:SO 

Oak-leaf 142 

Rosette 246 

Soap  Kettle 246 

Sulphur 54 

Stirrup 143 

Thud 142 

Washtub 269 

Springs,  Bear  River 173 

boiling,  analyses  of 102 

calcareous 54,  .'5 

Colorado ^^75,  -ITo 

at  Crater  Hills 1:^ 

lunj^oid 1 1'J 

H:iir-wav 147 

hot  ....' r)l.r»2.r)4,  122,  lt»^,  i:'.5.  175,  230.  20D 

analyses  of 12'),  1;57.  14;'),  151,  loA,  l'>A,  1C'(»,  157,  l";-^ 

catalogue  of 173 

eh^vatiou  and  teiiiporatnre  of 122,  123,  135,  1:50,  i:J7, 141,  112 

mud 51 

at  mud  volcauoes 142 

temperat un-  of 103, 122,  12?^,  l:U 

tluMiiial,  analyses  of 175 

at  Violet  Creek l'X> 

Sphynx  Peak 7i) 

.Sfjnii'rel.  line-taihnl f.G3 

Missouri  striped 6C3 

rod 6(33 

ISay's  striped (k>4 

.Starlinjj:s t>**i5 

8lea<lv  (ievser 143.  2*.'G 

Streams,  direetion  of 2??2,  21^2 

Stinii]>  iSjjrin;; 143 

Stone  implements,  illustrations  of 651,  653,  <>,")."» 

Sinjul,  (iranville,  notes  on  the  climate  of  Montana  by >O0 

Snlplnir  S[)rin;; ,54 

Table  of  analysis  of  «;eyserites 15S 

contents iii 

distances  and  elevations 1)4, 95, 2-'4, 21^',  7in>,  801,  S(M,  814 

distribution  of  fossd-plants 410 

ra.LTsart's  Lake 2«U 

J'alj'^ee  Pass.    (Sec  Ty<;^ec  Pass.) 

'J'an.'i;j:<is C"^ 

Taylors  Bridge 20^ 
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Page. 

Taylor's  Canon 196. 

Temperature  of  springs 103,122,128,134 

Terraces G2 

Tertiary 17,20,32,35 

ago * 462 

beds  of  the  Upper  Missouri ^ 14,21 

forms r>16 

species 478 

Testndinata,  diagi-ara  of  the  relation  of 649 

Teton  Basin ^ 3,57,86 

list  of  birds  found  in 712 

Caiion 219 

Grand 2,39,85 

Rau-e 3,21,260,262 

Kiver 215 

Thermal  spriup*,  catalogue  of 175 

Thomas,  C,  notes  on  Orthoptcra,  by 719 

report  on  ancient  niomids  of  Dakota,  by 1 655 

l)hysical  geography  and  agricultural  resources,  &c.,  by  272 

H.  G.,  lett<ir  by,  in  regard  to  ancient  mounds 656 

Three  Forks 19,24,27,56,63,67,68,70,81 

Tetons 217,221 

Thrushes    670 

Thud  Spring 142 

Timber  lines 751,  HOO 

Titmice 672 

Tongue  River 32 

Topography,  vertical 283 

Tower  Creek 43 

Falls 43,  .^)0 

Trail  Creek 30,35 

Triassic 17 

Turban  Geyser 148,151,236 

Twin  Buttes : 54,2:^7 

Gfvscr 426 

PeakH 16 

Tyghee  (or  Tahgee)  Pass 3,56,57,228 

Union  Pacilic  Railroad,  lignitic  deposits  along ot)7 

PiisH 74.75 

Peak 29 

Upper  Canon 67 

Falls 50,132 

Geyser  Basin 54,148,2:«) 

Utah 15,100 

list  of  birds  found  in 713' 

Valentine  Lode 166 

Vasey,  Geo.,  Graminaceje  by 785 

Vertebrate  fauna  of  the  Eocene  of  Wyoming 643 

Violet  Creek 135 

Virginia  Citv 64 

Volcanic  rocks 33,38,39,234 

Wade's  Lake.      (See  Cliff  Lake.) 

Wagtails 674 

Wahsatch  Mountains 15,21,192 

Walker's  Cafion 196 

W^arblers 672 

W^'lrren,  Lieutenant 19 

Wash  Tub,  (hot  spring) 269 

W'ater-ouzel • 671 

Weasel,  leiist C()l 

Weber  Canon 15,17 

West  Gallatin  Cafion 76 

Pass.    (See  Red  Rock  Pass.) 

White  Dome  Geyser 239 

Willey,  Henry,  Lichens  by 790 

Willow  f  reek  Canon 198 

Wind  River  Mountains - 20 

Wolverine ': '. ^^^ 

W%)odpeckor8 , # ^^n  il 

Wood- war blera - ^^ 
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Pag© 

Abies  balsamea 299 

donglasii 252 

menziesii 261 

nevadeDBis 372 

setigera 404 

Abietites  dnbios 374,404 

Acoipiter  fascQB 697 

Accipitrina) 697 

Acerglabmm 192 

graDdidentatam ^ 192 

trilobatum 388 

Acorns  brachystachys 385 

Acridinm  emarginatam 724 

Acrovleta 172 

Actodromas  bairdii 700 

Admete  gregaria  - 501 

rhomboldes 501 

sabfasiformis 502 

^gialitis  vociferns 699 

^sohna  coDstricta 727 

eremita 727 

multicolor 727 

propinqaa 727 

Agelainae : 686,708 

Agelains  phcBoiceus i 686 

Agnostns 200 

AgrioQ 727 

^udidflB 685 

Alee  americanas 668 

Alcedinidffi 692 

Aleorites  eocenica 397 

Alp» 792 

Alismaceffi 783 

Alligator  heterodon ." 614 

Almis  keferstoinii 386,401,405 

AmarantaoeiB 779 

AmmoDites 171 

Amyzon : 642 

mentale 643 

ADacardiaccsB 763 

Aoaptomorphus  ffimnlas 549 

ADsaboschas 703 

Anatidae 703,711 

Anatinffi 703,711 

AncbippodoB  minor 605 

Ancbitberinm 27,65 

Anomia  giypborhyncbas .' 509 

Anoetira  omata 621 

radulina 620 

ADthus  ludovicinas 674 

Antiacodon  farcatos 608 

pygmsBus 607 

Antilocapra  americana 669 

AntilopinsB 669 

Antroetotams  nattalli 692,709 

Apocynaoe® 778 

'NoTB.— This  index  inolodiw  the  luuiiee  of  an  genen  and  apeoiee  ekoept  thoae  found  onli  in  thA  cater 
lognea.    Nothing  of  the  botenioal  oatalogoe  ia  inolnded  exeei^t  tbA  tKo&i  ^vmn^ 
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Paffo. 

Caetor  caDadensiB 665 

Castorinss 665 

Caulinites  fecunda 384 

sparganioides .384,385,391,405 

spinosa 42*2 

Cavicomia 669 

Ceanotbus  fibrilloBUS 3dl 

velutiuus 192,212 

CelnstriDesB 763 

Ceutroccrcns  uropbasianas 699 

Ceratopbyllaceaj 781 

Cercis  eocenica "384 

CercocarpuB  ledlfoliuB 192 

CervidJD 668 

Cerviua) 668 

Corylo  alcyon 692 

CbaracesB 788 

CbaradriidsB - 699 

CbaulebismuB  BtreperoB 704,712 

Cbeiroptera 669 

CbenopodiacesB 779 

Ciiondestes  granmiaca 680, 706 

Cbondrites  bulbosuB , 1^3 

Bobsimplex , -• 373 

Cbonetes 173 

Cbordeiles  benryi 692 

CbryBomitris  piuns 679 

tristis 679 

Cinclidas '    671 

Cinclus  mexicanus 671 

Cinnamomnm  affino 383,387 

mississipienBe 375, 380, 387 

rossmiissleri 379, 406 

Circus  badsoDius : ,698 

CisBUS  la^YigatuB 380 

lobato-crenatus ....- 396 

CiBtotboras  palnstriB 073 

Clamatores 689,709 

Clastes  anax « 633 

atrox -. 634 

cyclifemB 634 

glaber 634 

Coccplooa  liDvigata 387 

Coccotbranstinso 678 

Colaptes  mexicauuB 695 

Coleoptera 717 

Collurio  borealis 677 

excubitoroideB 677 

Columbidre : 710 

Composita) 768 

Confcrvoidea 122 

Conifera). 782 

Conocorypbo _ 172,200,216,262 

gallatinensiB •- 485 

Contopas  borealis 691 

ricbardsoDii 691 

ConvolvulaceaB 778 

Corbiculaa'quilateraUs - 495 

banuisteri 513 

cytberiformis 511 

fracta 512 

inflexa 493 

securis -. 494 

Ccrbiila    nematopbora 496 

tropbidopbora 514 

UQuifora 513 

ConiaccflB '^^^ 

Corvidffi ^^ 

CoryluB  mcqnarryi 


-i 
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CotamieQliiJi  paM«rinas 706 

O^ty.lt  riparia 677,706 

.Cravat-ilia Itt 

Cnumuiauofot 766 

Crfjcodilia. 612 

Crocodiloift  clavis 612 

elliottiL 6K 

sriDDellii 613 

Hodon 61I» 

solcifenu. - 61S 

CrnciferaB 76i» 

Cnr-nffrfn 696,711 

CyaiJOcUta  woodhooftii : 68b 

Cyaooftffiza  amc^ua 633,70? 

Cyaoara  macrolopba. ,  66b 

Cygciiiue 70B 

CyguiM  baccinator 703 

Cyi^^raceafe 786 

Cyi'«;rit«.'MaDgaHtior 403 

Cyrena  carletoui 495 

Dafilaacata. 703 

DeleMeria  faWa S76 

iDcramata 374 

liognlata 374 

Dendroica  khUva 673.705 

anduboDii 675 

Deroiatemyft  wyoiuingeosis .' ®4 

Dic<;Iloc«phalii8 200,216,962 

DioepJroM  aucerm 395 

bracbyHepula 394 

laiicifolia 401 

Diplax  afwiiiiiluta 72b 

Dcotica ■ -• 72b 

viciiia 728 

Dipb>cyiicMlue»  iKilyodon 614 

Hublatns , 61*.^ 

iJilKHliiijf 66.'» 

]Ji j)t«T;i  lurvii' 7Ifi* 

I>or(>jilj(>rns  f-yriiii '. 7itt 

lJiiliclir»iiyx  (iryzivoniH tWi 

Doiiibeyopftiri  obttisa If7r> 

occidnitalis o^i 

triviali.s TH' 

Eli-'a^nacotr; 761 

Kiiiiiidoiiax  piisilliis ii91,70i> 

Kiiiyh  euthin^tus :. t^i** 

f^ravis 6iH" 

latilabiatns tJ2»i 

iiH'^aulax (^J> 

pacliy  loin  lis 6iJ9 

pol  yc!>i»huM tx^* 

scptarins 625 

terrcHl  ris .- 0*29 

t(;Htu(Iiii(MiH 627 

wvoniin^ensis C^2G 

Eobasilinda* 5t>4 

Kol)Ji^il(-UH  fiircatiia 5H3 

I)n'Shi<*ornis 575 

EiluiHc.tacoa*. 7cC 

E(iiiiHctuni  lia\(l<*iili 3iN> 

En'iiiopliila  coniiita 6^o 

Krcthizoii  (;l)ixaIltb^^^ 60(> 

Ericjicca^ .. ...  773 

Kucralyptus  lia'riiigiaiia 4lK> 

KuliuiacbrysaIIi8 506 

fun  inula 5(>6 

ine(>\\H\)\cvvA, 5(.»7 

p]npborb\a('tViU 761 

KuHtroii^^y  \uR  V)Uteou\» TCv> 
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EuBtronf^lns  chordeilis 736 

Eyemia  Yulpina 252 

Fagas  antipofi 117,126,403 

doacalionis 389 

feroniss ^ 378 

FalconidoB 696,710 

FalooDinss 696 

Ftoos  asarifolia 378 

aariculata -•- 379,406 

oliDtoDi 393 

corylifolins •  394,399 

haydenil 394 

oblanceolata .' 387 

planicostata T 384,393 

spectabilis i 379 

Bternbergii 423 

tiliaefolia 375,393 

Filices 787 

Flabellaria  eoceuica 391 

latania ^ 377 

Einckeni 377, 383 

FraxiuQB  denticalata 407 

FringillidaB 678,706 

Fnmariacete 760 

Fungi 792 

Fqsus  gabbi 504 

utaheDsis - 505 

Galeoscoptes  carolinensis 670,705 

Gallinae 711 

Gallinago  wilsouii .' 700 

Gambetta  luelanoleuca 700 

Garruliose 687 

Gentianacea) 778 

Gontiana  crinita 225 

GeomyiDSd 665 

Geothlypis  trichas 674,705 

Geraniacese 763 

Geranium  ricbardsonii .' *  212 

Gleicbcnia  kurriana 421 

Gompbus  cohibrinns 727 

vipirinns 727 

Goniobasis  iDBcnlpta 515 

GoDoideB  mepbltidis 732 

memamanuB 731 

GrallflB 699,711 

GraminacesB 785 

GruidflB 702 

GruB  canadeDBiB v  702 

GryphsBa ; 112 

Guiraca  melauocepbala 683,707 

GuloIuseuB 662 

Gymnogramma  baydenii 117,404 

HadrianuB  allabiatUB 630 

corsonii. 631 

octonaiiuB... 630 

HalymeniteB  major ., 373,390 

minor 373 

BtriatuB 373 

Halysites  catenipora 19 

catenulata 194 

HemipronetcB 126 

creniBtria 78,112,116 

HepaticflD 789 

HcBperomys  IcucopuB 666 

HetsBrina  culifomica 729 

HimantopuB  uigricolliB..J 702,711 

Hirundinidce 676,706 

Hirundo  borreorum ^^ 

JaniiroiiB '^^^ 
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Holorapeai 766 

HydropIiyllaccsE 777 

Hydropterides 788 

Hymeuopbyllum  cretaceam 421 

HyopwKlus  paulus 609 

Hypericaceae *. 782 

Hyracbyus ^ 594 

agrarius • QOb 

bo6i>8 «. 605 

C'ximius 505 

iinplicatus 604 

nanus 605 

princeps 595 

Hystricida; 666 

Icteria  lougicaada ■ 674 

Icteridae 685,708 

IcterinaB 6%,  763 

Icteruij  bnllockii 665,708 

Inoceranius 21,112,118,190 

InftesftorcH , 670,704 

Iphidea  scalptilis 479 

Iridoccu) 783 

Ixodes  bovis ». 740 

Jaculus  bndsouius 665 

Juglaus  baltica 39rf 

denticulata 117,389,408 

rbaninoides 382,400,402 

rugosa 382.  :i90, 398, 404, 407 

schimperi 382,384 

BtnitbsoDiana d&i 

Jnncaceed 784 

JuDco  oregunas 6?*l 

Juniperus  occideutalis 206 

Labiatfl) 776 

Lacertilia rl ftU 

Lagoinys  jirincops 218;  6u8 

LamcUirostrcs 703,  Til 

LaniidiP 677 

L.iridiu 704 

Lari x  amoricana 2l<> 

Lanropliyll inn  reticnlatum 4*i5 

Lanrus  ohovata 399 

priniig(?nia ^ .  4*.>G 

Loguniinosju 763 

Lcninacc.'i' 7r*2 

Lentibulac('a3 774 

Loporidfc 666 

LepUH  bairdii 667 

callotis 666 

Lestes  coii<jpner 7*27 

diHJiincta 727 

Libellula'Uavida 7->3 

ioi  cnyis 72rt 

nodisticta 727 

Kuturata 72^? 

Licbons 790 

J^iliacca^ ^ ..* 7f%l 

LiniiKua  couipactilis 517 

Limuobyus  diaconus 593 

fontinaliH 594 

paludosns 593 

Li  na^'ca) 762 

Lin;^'ula 172,20; 

Lingulopis 172 

Li<[uidanibar  intcgrilblius 422 

Loawacea) 7(u 

Lol)oliac('a> 773 

Longipouncs 7('l 

J^(;rauthaceai <-l 
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Loxolopbodou 565 

cornutus 568 

Lyoopodiace® 788 

LythracesB 767 

MacClintockia  lyaUii , 400 

Macrocbeilus 26d 

Mairnolia  inglofieldi 396 

MaUopbaga • 731 

Malvacese 762 

Mammalia 546,661 

Marsapiolia 611 

Martin® 661 

Megaceratops  coloradoeDsis 585 

Melampus  autiquus 507 

Melanerpes  torquatus 695 

Melaoia  wyomiDgensis 516 

MeliD» m':i 

Melospiza  fallax 682,707 

Menopou  picicola 7:U 

Mephitis  bicolor 662 

mepbitica 662 

Mesonyx : , ^..  550 

obtosidens 552 

Meeothemis  compoeita 728 

corrapta 728 

longipennis 728 

simphcoUis 72H 

Metalopbodon  armatus 589 

Microsyops  vicarios 609 

MUvinas 098 

Modiola Ill 

maltilinigera 492 

MotacillidsB 674 

MnridaB 665 

MnriDflo 665 

Masci 788 

MasmoscQlus 665 

MostclidaB 661 

MyasciteBeabcompressa 120 

Myiodioctes  pusillos 675 

Myrica  torreyi 392,399 

Myrmeleon  diversos 729 

Naiadaceso 783 

Naocephalus 631 

porrectQS 632 

Natatores ^ 703,711 

NeritiDa  bannisteri 499 

bellatula 497 

carditoides 499 

patelliformis 498 

pisiformis 500 

pisum 500 

NirmBB  bateonivoras 733 

Notharotns 548 

longicaodus 549 

Nnmenius  loDgirostris 700 

Nyctaginacea) 779 

Nyeticojas  crepoBcularis 669 

Nympbace® 759 

Nyfisa  lanceolata 407 

OboleUa 172 

OdoData 727 

(Edipoda  corallipeB 720 

dificoidea 720 

baldemannii 720 

kiowa 721 

paradoxa '^'^ 

phcBDicoptera '^^^ 

jogoea.../ 


840  DiDEX   OF   8T8TEMATIC   NAMES. 


(Efdipoda  teDebrom 721 

venncalata 721 

OligotomQH  cinctos 607 

OmmatoUunpiB  viridis 724 

Ooagrace^ 7G6 

Opegrapba  antiqna 390 

Ophidia «^ 

Opbileta ^ 206 

OpbJoglowam  alleui 371 

Opomala  bivittata * 724 

Oxctiidac^^ae -. 763 

Oreoftc^iptes  mootanaH 670,706 

Orobaiichacea; 774 

OrobippiM  procyoDJDDs €06 

Orotberiaio  sylvaticum 607 

TaAoccieiiBe 606 

Ortbis 166 

Ortboptera .  719 

ChiciDeii 670,704 

Ostrea 21,110,116,120,171 

aDomioides 4Se 

soleniscaa 4SI 

wyomrDgensis 508 

Oton  wilbODianas 695 

Pal2eo6yop«  Isevidens 591 

major 592 

yallidcDS 592 

Paliams  oolombi 368 

zizypboides 384,397 

PalmaciteB 377 

PandioD  caroliDensiB '. 698 

PapaYeracesD 1 759 

Pi^picbtbyB 634 

corsonii 636 

,                 Iffivis 636 

p1icatu8 635 

sclerops 635 

sympbybirt 6:>6 

Paramys  «l(?llc:itior 610 

delicatissimiiM 610 

delicatu.H 610 

Icptodos 609 

uudaris 610 

Paridao  672 

Pariiiw 672 

PaniH  montaniis 672 

PaHserculns  alaudiuuH 679 

Pa^Hcrt'lla  schistacc-a 707 

Pawft^res 670,704 

Pealite V*A 

P(Mli(i[;ccte8  phasianellus 699 

P«ri w^reus  cauaden.sis 689 

PerisHodactyla .' 562,591 

Petrochelidon  Innifrons 6T6 

Peziza  vulcanalis 792 

Phalaropodidai 701 

PhalaropoB  wileouii 701 

Pharella  pealei 496 

Pbareodou  acutiis 637 

Bericcus 638 

Pholadomya 120 

Phragmitcs  oeningcnsis 374,376,383,391,399 

PbyBa  bridgcrcnsiB 516 

carletoni 508 

Pica  hudflODica 687 

Picida) .' 693 

Picoides  arcUcua 694 

doraaVia 694 

Picas  haniBU * 69U 
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Pago. 

Pinna *. 21,111,112,171 

Finns  flexilis 252 

Pipilo  chlomra 1584 

megalonyx 684,708 

Pisces 633 

Planera  longifolia 371 

PlantaginacesB 773 

Plastomonus -. 617 

molopinns 620 

mnltifoveatns 619 

(Bdemins 619 

tbomasii 618 

trionychoides 619 

Platanns  aceroides 117, 389, 406 

fuillolmaB 387,394 
aydenU 375,379 

herii 425 

nobilis 126,404 

raynoldsii 379  399 

Polemoniacete 777 

Polygonaceae 779 

PolystcDchotes  pnnctatns 729 

Poocrotes  graminens 680,706 

Populites  affinis 423 

fagifolia 422 

salinje 423 

Populns  arctica 385, 401 

attenuata 377,386,389,392 

decipiens 385 

leucopbylla 392,405 

monoidon 375 

mutabilis 386,401,405 

tremuloides 261,299 

Portulacaceaj 762 

Porzana  Carolina 702,711 

Primulacoie 774 

Proboscidia 562,563 

Productus 173,206 

longispiiius 78, 112, 116 

scabricnluH 116 

semireticulatas 78 

Protagras  lacnstris 632 

Psendomonotis '  •  ''5107 

Pseudotomiis '..        '610 

hians ..':...:.'...'' "611 

Pteris  ancep8 ...1 ....  JJ.:.  "-  "^-WO 

Pteronarcys  californica .:: ...'. ...'.':.'' 729 

Pterospermites  haydcnii i . ,. ,' J. .' 426 

qnadrafus  ...... ....■.'.' I'L'J....  425 

t   I  nigosus ::   I'Jl'"....  426 

i;.,  sternbergii :..:  .i.'.^Ji  LI" 425 

aPullastrffi .: ........'..'.'      "710 

.  Pnpaleidyi 1. .'..'  '      *517 

O'Pntorius  pusillns... '. ':.#*:'...  ' '  '  .^661 

j:;Pryanga  nidovieiana  .....  1 11 11 . 1 1 ..........:  1 .v.  w. . .  .'IV    "   '€78 

luQuadrnmana...... '.!.. ....  1. .....:...::.; .:;......".  '     •  •546 

J  ;|QuiBcaliusb ::;;.; :.'.:'  6f*7,7<)9 

e'tQaercns  acrodon I,:!*,..'....""    '^.» 

(>!.;   r-j       alba :...  .:...V..:iML.i: ..       ''^Khi 

^v^.;  angustiloba. ...:.;....:....  ....  .1.... ...:..  .l.'l'i'.JVi^Vl'::'^!..^  ■J.l.i':  '^8 

i'.  cbloropbylla....... ......v.. .......I.;:.  'SSSl'JiOr 

VT  coccinca ...v...v. .". I'l': '..'.:  1\'' I  "^-'002 

jr;  macrocarpa ...■.•.'..•._ ':.'i:;..'''l*-»rf02 

S.K,.r.  obtnsiloba I'.'Vt^i'.'-'..  299 


]\':,  pealei........ ......: ....:..  .'lliVl'lvOl':'?..     ,  .406 

plataiiia .....;;  .J.i'.:..  ^;il05 

ft'frnfiiinAiia  ■      •      •  *  •  •  4**ij  ♦ill  ►i!  li  J  •i47fi 

*3t/AC4IAlJtJ\JUO     •«••««    ••••     m  m  m  m    •^«»««     «    ••»•«•    •«•«     »•••     ••«»••    ■••»••    ••••*•    ••  .  ff '  ^ 
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Oneranednla  cyaoopterns ^ 703,711 

Bamdie 708,711 

BftnnDcalaceie 756 

Bfti»acia 061 

Blares ^ 006^710 

Reeurriiostra  americana 701 

BecnrviroetridiB 701,711 

Begaloa  oalendnla •  07S 

Beptilia .......  619 

BwuDnaceffi ,... 763 

Bhamniui  acnraina^folins 383,407 

debarni 381,400 

dechenii 307 

discolor 396 

^Idianus .' : 361,380 

obovatos (.    375,361,400 

lectinervia ' 382,397,409 

salicifblins 400 

Bhineastes 038 

arcaatns -, 611 

calvos 

peltatOB 

radnlas 639 

amitbii 630 

BbnB  bella 407 

eyaDttt 402 

fflaber *        212 

BbTncboneua ISO 

Bodentia •. 600,663 

SosacesD 764 

Babiaoes •. 768 

Brnmnaiitia 668 

Sabal  oampbellii J 874,375,383,301,388 

golmana 377 

SaooomyidflB 665 

Salicacese 781 

Salisburia  polymorplia 117, 404 

Salix  angusta 406 

elongata 372 

Salpinctes  obsoletus 673 

Saniva  ensidens 632 

8aDtalacea3 781 

SapindaccsD 763 

Sapiudu8  caudatus 380, 397 

Sassafras  cretaceous 423 

harkeriana 425 

luirabilis 424 

mudgii 1 424 

obtusus 424 

recurvatus i 424 

Saxicolidte : 671 

SaxifragacesD 766 

Sayoruis  sayus 690 

Scaphites 120 

Sciurida} 663 

Sciuriiiae 663 

Sciurns  hudsonius 663 

ScleiotiuQi  rubellum 375 

Scolecophagus  cyanocepbalas 687, 709 

ScolopacidiB 700 

Sorophulariaceaj 774 

Sequoia  augustifolia 372 

lan^sdorfii 391 

reicbenbachi 422 

Sialia  arctica 671 

Sitta  aculeata 672 

SittinsB 672 

Smilax  graudiioUa • 3^ 

obtUBaiigu\a ^^ 
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SolanacesB ^T'i 

Spermopbilus  grammurus 60:5 

luterallH 664 

townsendii 664 

Sphaeria  coalteri - 792 

SpheDQpteris  eocenica - 376 

Spheria  lapidea 373 

myricse 390 

Sphyropicus  thyroideus 694 

williaDisoDii 694 

Spirifer 126,168,173,206/268 

lineata 116 

Spizella  broweri 707 

socialis 682 

Spizellinro 679 

SpiziDso 683 

Stathmophorus 729 

Stellula  calliope 693 

Stenobothriis  maculipennis 721 

Sterna  fosteri 704 

Steminai 704 

Strigidie 695,710 

Strisores 092,709 

Strophomeua 169 

analoga 78 

Stuniella  neglecta 087,708 

Stypolophus  brevicalcaratns 560 

iiisecti  vom8 559 

puDgens 559 

Suniiaulula 696 

Sylvicolid® 674,705 

Sylvida) 672 

Sympbemia  scmipalmata 700 

SyDoplotberium 5;'M 

laniiiB , 557 

Tacbycincta  tbalaesiua 676 

Tamaias  qnadriyitattus 663 

Tanagridas 073 

Taxodium  dubinm 389 

Testudinata 615 

TetraonldflB 698,711 

Tetrao  obscnras 698 

richardsonii 711 

Tbinosaurus  leptodns 6:i2 

TbomoDiys  fulvns 665 

Tbuitescallitriua 371 

Thuya  garmaDU 372 

Tinnuucalns  sparverins 696 

Tomitherinin 546 

rostratum 548 

Trapezinm  microncma  ,1 493 

Triacodon  acoleatus 611 

Trichopbaues 641 

bians 642 

Trigonia 120,171 

americanus Ill 

Tringoides  nmcularius 701 

Trionyx  concentricns 617 

gattatus *. 617 

betroglyptus 616 

scatamautiquiiin 617 

Trocbilida) 693 

Trocbilus  alexandri 693 

Troglmlytes  parkmanui 673 

Troglodytidffl 673 

TroelodytinsB ^"^ 

TurooDilla  coalvilleDsis J^^.. 

Tiirdid» ^^^^^ 

Tardus  aadabouii 
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ToKdot  mignloriiis « 670 

•waiiuoiiii 704 

Tatxitdlft ". 112 

eoalTiUensis 502 

miaoiieiiiA 504 

■piroiiems...... 503 

TyphaoMD 1. 783 

I'ynumida 089,709 

Tynumns  escoUneiiaB 089,709 

▼ertiealii 080, 7€9 

▼odfenuM 690 

Uintoaieriiim..... 580 

laeostoe 564 

miiftbilcr. 564 

lobosdim 563 

Ulmns  ineffolaris *. 378 

UmbellifenD 707 

Ungolats 561 

Umo -. SO 

Uxsid» 0G2 

Umis  americsmis 663 

hoRibilis - 6@ 

UrHeftce» 781 

VileriaiiaeeiB 768 

YalTats  nana 507 

Ventrioosa 120 

TerbeoaoeflD........ ..v^... ............ ...... 776 

yespertilio  lacifagns « 669 

yumaDensis • <...  669 

YespertUioDidflD -. 1 i...  669 

yibamam  contortam 396 

dichotomom 399 

marginatam 395 

,                 wymperi 295 

Violaoe» 761 

Vitis  tricnspidata.... 396 

ViverravTis  parvivorus 560 

Viviparas 20 

Xanthocephalus  icterocepbalus 686, 708 

Zapbrentis 116,173,195,20^,268 

Zenaidura  caroliDensis 710 

ZizyphuB  hyperboreus 389 

meekii 388,389 

Zonarites  digitatas 421 

Zonotrichia  gambelii 681 

leucophrys 0^1 

Zygodactyli 69:J 
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